NUCLEI C ACI D CONSTRUCTS FI ELD OF THE | NVENTI ON The invention relates to the
fields of nolecular biology and imunol ogy and generally to reagents useful
in nucleic acid i munisation 5 techniques. Mre specifically, the invention
relates to nucleic acid constructs for the expression of antigenic.

pol ypeptides, and to nucleic acid inmugisation strategies using such
reagents. BACKGROUND OF THE | NVENTI ON Gene therapy and nucleic acid

i mruni sation are" promsing io0 approaches for the treatnent and prevention

of both acquired and inheriﬂg@[ﬁ@%ﬁéoﬂmbﬁhni gques provide for the

transfer of a desired nucleic acid into "a subjéct” with subsequent in vivo
expression. Transfer can be acconplished by transfecting the subject's

cells or tissues ex. vivo an@gleh OF PTHEANVENNON ransforned material into
the host. Alternatively, to the nucleic acid can be adm nistered in vivo
directly to the recipient. Each of these techniques requires efficient
expressi on of thEhe imdrdicn exdatdsite theeficldsed reclzedlar didlogyamat ovi de a

sufficient anmount of the C therapeutic or.-antigenic gene product. Several
factors ar d"KRERAICGY and EREry N0l BGEPRISYSRKp NeRYFISH BBiddMBHNISAHENudi ng

transfecti ffjcien : d.tha efficienc Lth which the gene or
sequenceg O%Fﬁpgugégt [i%sé'r?rséﬁg@@%g‘éﬁﬂ?n%qeﬁgomw?% 5%1”&?%8?0}&’ nunber of
expr essi on @EkAs fBAYRe RRBFIRFTbE Bﬁﬁgélﬁlctﬂtﬁ}/ﬁéﬁﬁdes@% &f nibiegh typically
consists of a vector containing a gene or nucleotide sequence of interest
oper abl y | iatiedmnwurdzpties simiegiostustlg &clsespgemies. These control sequences
i nclude transcriptional pronoter sequences and transcriptional start and
term nation sequences. Caommopnly used pronoters for mamualian cell

expression systems incl udAek NDQF W INWBENIIONa cyt onegai ovirus (CW)
[{T’O'rmt er. 2 _ . )
Gene therapy and nucleic acid immunisation are promising
10 approaches for,fhe treatment and prevention of both écquired and
inherited diseases. The'_se techniques pr.ovide for the transfer of a desired
nucleic acid into a subject with subsequent in vivo expression. Transfer
~ can be accomplished by transfecting the subject’s cells or ti;ssues ex.vivo -
and reintroducing the transformed material into the host. Aiternatively,

15 the nucleic acid can be administered jn vivo directly to the rfecipient.

Each of these te_chniques requires efficient expressipn of the
-nhucleic acid in the transfected cell, to provide a sufficient aﬁq_ouht of the .
("I thera.peutic or antigenic ge'ne product. Several factors a%‘e known to
" affect the levels of expression obtained, including transf{acﬁbn éfﬁf:iency,
20 and the efficiency with which tﬁe gene.or sequanbe of irilterfest is

transcribed and the mRNA translated.

A number of expression systems have been described in the art,
each of which typically consists of a vecter containing a gene or
nucleotide sequence of interest operably linked to expression control

25 sequences. These control sequences include transcriptional promoter
sequences and transcriptional sfart and termination sequences.
Commonly used promoters for mammalian cell expression systems

include the SV40 early promoter, a cytomegalovilrus {CMV)} promoter



such as the CW imedi ate early pronoter (Chaprman et al (1991) Nucl. Acids
Res. 19:3979-3986), the npbuse mammary tunour virus long term nal repeat

(LTR) pronoter, the adenovirus nmajor |ate promoter (Ad MP).and the herpes
sinplex virus (HSV) pronoter, anong others. 5 Nonviral pronoters, such as a
pronoter derived fromthe murine netabl othionein gene are al so conmonly

used. Expressi on systens often include transcriptional nodul ator el enents,
referred to as "enhancers". Enhancers are broadly defined as a cis-acting

agent , ml%%@@h@mwwmbu@k@@aﬂq m'oﬂﬁ&'éﬁt(@hé%ﬁ%ﬁ et & 9 ?‘W@ﬁ:!.v"i I

I ncrease transcri.ption of that gone sequence ancers can function from
posi ti ons Abak Ase TRILFAUBOBE), Hwamndusenmanseguenarouotirusiengst than ot her
expression contr ol ‘elenents (e.g. pronoters); and can operate when

posi t i onedtermiralirapeabli it promster etha pdeneyrummajerdats pEomete! Midr est

Cel | .27: 299- 30 Vill | 98 9 l.
Acros. Res WLBY 30N BedhyhBr iR i HSHT SromBuhe el bR numver of
A QU Ry b, LR ot Pk Bl S BRkovi rus' (O,

adenovi fus, “sinmdn virus one sar oma Vi rus, bovine papillom

virus and rﬁ@t’eﬂlc&ﬁf&@?ﬁg‘éhé@e(a@ﬁfbbhﬁhﬁﬁl @decBt supra, Rosenthal at alL
(1983) Science 222:749-755, Hearing at at 20 (1983) Cell 33:695-703, Weks

etal. (1983) Mdt. Cell, Biol. 3:1222- 1234, Levinson at al. (1.982) Nature
295: 568-572, aE:qJneasiam sitstams c(ﬁ@@:k)clcrdbItrafsscrrpmﬁnﬁﬂﬁm)oduhmnber of

expressi on systens for nucl ei ¢ acid inpuni sation and gene t herapy make use
of the howhmﬂ%m%aerreartpyaspr%?ﬁﬁf&ers Se@“@@“c% ars rapdht dalieed 5868062 and

d
vectors uctingretny sl TiiaoPhEE ooBPROY IRk & BROPEHT 01 ot &,
PVRGT128 (§Yuehicedhwill ;N@r‘é‘ébeQrah%cng%nk?ﬁtha%o&ﬁea?@%@@C@A%égd pIWI303 |

whi ch are nentioned in WO 95/ Chapnman a report reduced
can function from positions that are much further away from a sequence

of interest than other expression control elements (e.g. promoters}, and
can operate when positioned in either orientation relative to the sequ.e'nce
of interest (Banerji ef al. (i98']) Cell Q:299—308, deViIIéirs et al. (1981)

15 Nucl. Acids Res 9: 6251-6264). Enhancefs have been identified from a
number of viral sodrées, indIUding polyoma virus, BK virus,
cytomegalovirus (CMV), adenovirus, simian virus 40 (SV40), Moloney
s_arcbma virus, bovine papilloma virus and Rous sarcoma virus'(deVilieirs
et al supra, Rosenthal-ef a/, {(1983) .Scfence 2_22_:749—755,_Hearing et al.

20 (1983) Celf 33:695-703, Weeks e al, {1983) Mol. Cell, Biol. 3:1222-
1234, Levinson et al. (1982) Nature 295: 568-572, and Luciw ef al.
(1983) Celf 33: 705-716). o |

A number of expression systems for nucleic acid immunisation and
gene therapy make use of the hCMV immediate early promoter.. See eg
25 US Patent Nos. 5168062 and 5385839 to Stinski, and EP Patent
Speciﬁcatioh 0323997 B1. Expression vectors using the hCMV
immediate early promoter include for example, pWRG7128 {Roy et a/, |
Vaccine 19, 764-778, 2001}, and pBC12/CMV and pJW4303 which are_'_
mentioned in WO 95/20660. Chapman e af (1991) report reduced



| evel s of expression fromthe hCW imedi ate early pronoter in the absence
of hCW Intron AL  SUVWMARY OF THE | NVENTI ON A nucl ei ¢ acid construct has
been devel oped using mani pul ated 5 viral pronoter/expression sequences, that
provi des enhanced expression of heterol ogous codi ng sequences in host

cells. The-construct is suitable for efficient-expression of . -

- antigen-encoding genes, and can therefore be used in nucleic acid

i mmuni sation. In particular, the construct can be provided on carrier

particles, fQb|sUsPekPradldd frofr RIhansd imieédhte agild promdiBMiniteat i on.
Accordingly, the present invention provides a nucleic acid construct
conpri si ng absarfuamer hEMY dnoberAsequence and a cloning site for insertion
of a coding sequence in operable |inkage with the chimeric pronoter,
wherein the chineric pronoter seguence rises: 15 (a) a hCW i medi ate
early pronoter sequence; (@UMNHL:ISY gﬁ&%'”\éﬁ@?‘@”part of exon 2 of the
hCW maj or inmedi ate early gene; and (c) a heterologous intron provided in

pl ace of .the intron A region of t R o | di ate earl ne. 20
The invention al o”‘ﬂ)cP'S\ﬁ %‘gg:co.nsgmﬁg(glagi%c\:gégg? e(!%%ﬁa&g quéﬁ%‘: (1) a
chi meric .pr t Al Qe : : j ' rly
pr onot er ESe\gilﬁ% cg; EE@EE%%ﬁgﬁ@ at éfszgg?t gﬂ;ﬁlégetgqo ggg%]@gkgée%?ﬁ@' 25 hCw
maj or i MmedbBhetepsldgougerriingBdquendes chost dwlser Dhe gomstivat 1BuRsalPe ded in

place of the intron A region of the hCW major immedi ate early gene;
for efficient expression of antigen-encoding genes, and can therefore be
used in nucleic acid immunisation. In particular, the construct can be
N L - - ) * ? - - -
(-- provided on carrier particles, for use in particle-mediated nucleic acid.

10 immunisation.

Accordihg[y, the prééent invention provides a nuclsic acid _
construct comprising -a chimeric promoter sequence and a cloning site for
insertion of a coding sequence in operable linkage with the chimeric

promoter, wherein the chimeri.c promoter sequence comprises:
5 {a). ahCMV immediate early promoter sequence;

(b}  exon 1 and at least a part of exon 2 of the

| hCMV major immediate early gene; and

Q' : | {c}  a heterologous intron provided in place of the

intron A region of the hCMV major Immediatehearly gene..
20 Tlhe invention also provides:

- a nucleic acid coqétruct com;;rising:

{i) a chimeri‘c promotef sequence which con;\prises:

(a) - a hCMV immediats early promoter sequence;

{b) exon 1 and at least a part of exon 2 of the

25 hCMV major immediate early gene; and



and (ii) a cloning site for insertion of a coding sequence in 5 operable
linkage with the chinmeric pronoter; and (iii) (a) a non-transl ated | eader
sequence which is derived fromHBV preS2 anti gen sequence, HBV e-antigen
sequence or HSV type 2gD antigen sequence and which is in operable |inkage
with the chimeric promoter;and/or 10 (k&) an enhancer sequence which is
derived froma. 3' untranslated region (UTR) of a HBsSAg sequence, ora
3'UTR of a siman CW inmediate early gene sequence and which'is i'n

- operabl e Iinkage w t pt he,qQiEESiboRs mfﬂir?’broviél@tﬂr‘?@fé f.Ner gfthancer sequence
i s downstream of the 15 CFOI’]I ng site; - a nucleic a |(§: construct conpri sing:
(i) a pronoter seaueAcegidn of thetd@iMirmapratrededietelesrlpeggnence derived from
HBV preS2 antigen sequence, HBV e-antigen sequence or HSV type 2 gD antigen
20 sequence; anand (iii) a coding sequence operably linked to (i) and (ii).

wher ei nt he codi ng sequence is heterologous to the non-translated | eader

sequence; a nucl__ ic acid construyuct, conprisjing: .. 25"%}% a pronoter sequence;:
r (ii) a coding ‘gequér‘r‘é‘émaﬁe?‘%r‘gf NPEREH ¢ agﬁgﬂﬂﬁ &€ Eequence (i); and
(rii) an e@ﬁ%ﬁ%ﬁ%{@%ﬁmﬂ“ %e%ﬁirﬁ@ﬁcﬁ Stk r?/sahgnked to the coding sequence

(ii); 5wh ancer sequence (111 erived froma 3'UTR of an

i) {a) a non-translated leader sequence which is
derived from HBV pre32 an'tigen sequence, HBV e-antigen
sequence or H3V type 2gD antigen sequence and which is in

operable linkage with the chimeric promoter;and/or

10 (b}  an enhancer sequénce which is derived frdm a.
3' untranslated region (UTR) of a HBsAg sequence, or-a
3'UTR of a simian CMV immediaté early gene seqﬁence and
which is in operable linkage with the chimeric prorhoter, ‘
whersin the enhancer sequencs is downsiream of the

i5 cloning site;
- a nucleic acid construct comprising:
{i} a promoter sequence;

(i) a non-translated leader sequence derived from HBV p_reSZ
antigen sequence, HBV e-antigen sequence or HSV type 2 gD antigen

20 éequence; and
{iy a coding sequence operably linked to {i) and {ii)

wherein-the coding sequence is heterologous to the non-translated

leader sequence;
" - a nucleic actd construct comprising:

25 {i) a promoter sequence;



HBsAg sequence or a 3'UTR of a sim.an CW i medi ate early gene sequence,
and the codi ng sequence (ii) is heterologous to the 3' enhancer sequence;
C_a nethod of obtaining expression in mammalian cells of a to potypeptide
of interest, which nethod conprises transferring into said cells a nucleic
acid construct of.the invention, the comstruct including.a coding sequence
encodi ng the pol ypeptide; coated particles, suitable for delivery froma
particle-nedi ated  delivery device, which particles conprise carrier

particles coatedgw th i I i.avention, the
construct incl udPWQ aagcgéiz:ﬁ%%Bgggr'&genggb%&gﬁ%&'ﬁ%ﬁ%ﬁ@&%ﬁ’de; a dosage
receptacl e §gfushdealilidrige medi ated delivery devi ce conprising the coated
particles; a.particfe nediated delivery device |oaded with the coated 20
particles; - a nmethod of' nucleic acid i munisation conprising adm nistering
to a subject an 6&fif echnemhamoentegiiendwe3tohned qrarably bskadhtomthieeh particl es
t he codi ng sequence encodes an antigen; a purified isolated chineric
pronmot er sefERRISAIMERREdbNpri ses: 25 (a) a hCOW i mredi ate early pronoter
sequence; r 6 (b) axon 1 and at |east a part of exon 2 of the hCwW nmjor

i medi ate early ne;. .an a_h .1 RLE rovid j |_ace of the
intron Asrr egi ona&e{‘?'ﬁe h%(%ﬂcﬁ%e&%teﬁ%g?g@z'Se‘g%ﬂl’l@é%zrr?@ %giht@@?gﬁ'd ot her
obj ects, as . {C{m j t lLavention will
readily occﬂ?‘B%{Est ? ose I(?][m{)é ngwoﬁﬁwFﬁ§W£ﬁ?ﬁm?% g?ﬁbglﬁ.@t he

di scl osure befiirite, and the coding sequence (i) is heterologous to the 3

enhancer sequence;

C " - a method of obtaining expression in mammalian cells of a
10 polypeptide of interest, which method comprises transferring inﬁp said .
cells a nucleic acid construct of the invention, the construct including a

coding sequence encoding the polypeptide;

' - coated particles, suitable for delivery from a,partic!e—mediated
d_eli\'fery device, which particles comprise carrier particles coated with a
15 nucleic acid construct of the invention, the construct including a coding

sequence encoding the polypeptide;

- a dosage receptacle for a particle mediated delivery device

C compriéing the coated particles;

" - a particle mediated delivery device loaded with the coated

20 particles;

- a method of nucleic acid immunisation comprising administering
to a subject an effective amount of the coated particles in which

. particles the coding sequence encodes an antigen;
- a purified isolated chimeric promoter sequence which comprises:

25 {a) ahCMV immediate early promoter seqtlence;



BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 illustrates the |evels of
expression of hepatitis Bvirus is surface antigen (HBsAg) obtained using
various plasm d expression vectors. Figure 2 shows the effect of intron

i nglusion on expression of HBsAg in SCCl5 cells and of -beta-gal in B16
cell's (average of three expts). 15 Figgre 3 shows the effect of rat insulin
intron A and HBV3' UTR on expression of beta-gal-in SCCLl5 cells (average of
three expts). 'Figure 4 shows the effect of rat insulin intron-A and '

HBV3' UTR on eX Py SsSi )g%r?ﬁoéﬁlggléagtgwﬂqe&o% %%\ﬁﬁ‘h@%&}g‘f\’ t hree e>2<8t S).

Figure 5 shows the ef Insulin intron UTR on

expr essi on fhjopiMNthbdiaROAR eBkAdcells (three repetitions per cell
line). Figure 6 shows the a\éi ity of heterologous signal peptides to direct

secretion of SEAP or hFc fragnment in 1316 cells. 7 Figure 7 illustrates
Level s of antibod)es aéeerbsgius inenspoariddd m place mfuihiesattoni Ah

anti gen-encodi ng nucl eic acids contained in a variety of plasmd expression
vectors. Filgaian ef ithe HACH Ygnaintdfmreediain 8adngadeon of pJV expression s
vector. Figure 9 is a diagranmatic representation of pJV7389. Figure 10 is

a diagrammatic representatjon of pJV7400,. Figure 11 is i agranmat,i ¢
replregen?ati Ion 0 Wﬁ%cheﬁngﬁPgs’lafﬁegt% %hﬂé?'m:@cﬁﬁg\&ﬁéﬂ?ﬁﬂf:m of
JV7563. 1 i : : LLi 5 - i ef
Poseri ot i onreheREnE inaRhoroWi IS e, £ ABRARGE of briffarp SR e 0 B
sequence in view of.the disclosure herein. ' :

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the levels of expression of hepatitis B virus
10 surface antigen (HBsAg) obtained using various plasmid expression

vectors.

* Figure 2 shows the effect of intron inclusion on expresé.i-on of
HBsAg in SCC15 cells and of beta-gal in B16 cells (average of three

~expts).

15 Figure 3 shows the effect of ra't insulin intron A and HBV3'UTR on

éxpression of beta-gal in SCC15 cells {average of thfee exptis).

'Figure 4 shows the effect of rat insulin intron A and HBV3'UTR on
expression of HSVgD in SCC15 cells (average of three expts).

Figure 5 shows the effect of rat insulin intron A and HBV3'UTR on
20 éxpress'ion of SEAP in SCC15 and B16 cells {three repetitions per cell

line).

Figure 6 shows the ability of heterologous signal peptides to direct

secretion of SEAP or hFc fragment in B16 cells.



(GenBank #M60321, X97403) SEQ ID NO 2 is sequence fromexons 1 and 2 of the
hCW major 16 i medi ate early gene (GenBank. #M50321, X17403) C SEQ ID NG 3
is rat insulin intron A sequence (GenB.ank #J00748) SEQID NO 4 is the
sequence of a chinmeric pronoter according to the present invention SEQID
NO:5 is a | eader sequence fromHBV preS2 antigen 5. UTR 20 sequence,
(GenBank #Mp4923) SEQ ID NO 6 is a | eader sequence from HSV type 2 gD 5" UTR
sequence (GenBank #786099) 8 SEQ ID NO7 is a |eader sequence. from HBV, e
antigen 5 UTR sequence (GenBank #M54923) SEQ ID NO 8 is HBVenh 3' UTR
sequence (GenBanl; 1#%%%&)ate§'¥&;éz@own%bbale‘§ld@t@&té&ﬁ?ﬂiééé‘rae@rrmegene

3' UTR sequence s ( Bank #ML6019) SEQ ID NGO 10 is rabbit ~1 globin poly A
sequence (GenBanksedﬂ@ﬂ?%):[ggﬁ@chdN@ fiudleicsadidsicantSiGWAY inramadiriete ogar | y
gene poly A sequence (GenBank #ML6019) io .. SEQID NO 12 is HSV2 gB gene
poly A sequelasanidGeuBaakion»Z8B089) SEQ ID NO 13 is HPV16 early gene poly A
sequence (GenBank #K02718) SEQ ID NO 14 is the sequence of the pJV

e E o SRS o Be i .grépp@gn{a%n IFRIERLBNG 10 s PR
5 vector. ]
Figure 9 is a diagrammatic representation of pJV7389.
Figure 10 is a diagrammatic representatibn of pJV7400.
( | . Figure 11 is a diagramm.atic representation of pJV7?I-68.

Figure 12 is a diagrammatic representation of pJV7563.

10 . Figure 13 sets out the base composition for pJV756_3.

Brief Descrintion of the Sequences

SEQ ID NO:1 is hCMV immediate early promoter sequence
{GenBank #M60321, X17403)

| SEQ ID NO:2 is sequence from exons 1 and 2 of the hCMV major
16 immediate earty gene (GenBank. #M60321, X17403)

SEQ 1D NO:3 is rat insulin intron A sequence {GenBank #J00748}

SEQ ID NO:4 is the sequence of a chimerjc promoter according to

the present invention

| SEO ID NQ:5 is a leader sequence from HBV preS2 antigen 5° UTR
20 sequence {GenBank #M54923)

SEQ ID NQO:6 is a leader sequerice from HSV type 2 gD 5'UTR
sequence (GenBank #Z286099)



SEQ ID NGO 18 is PCR prinmer JF254 - SEQ ID NGO 19 is PCR prinmer GM50 zo SEQ
ID NO 20 is PCR primer JF255 SEQ ID NO 21 is PCR prinmer DS1 SEQ I D NO 22
is PCRprimer DAI 9 SEQID NO 23 is PCR priner JF301 SEQ ID NGO 24 is PCR
pri mer JF302 SEQ ID NO 25 is PCR primer JF84 SEQ ID NO 26 is PCR primer

JF225-5 "SEQ I D NO: 27 is PCR prinmer JA335 SEQ 1D NO;28 is PCR primer JF336
SEQlDN029IS PCR prinmer JF357 SEQIDNO30|S PCR prirmer JF365 SEQ ID
NO:31 i$s PCR prinmer JF393 10 SEQ ID N0O: 32 is PCR prinmer JF406 SEQ ID NO 33

i's PCR priner K960 I$6F iPaNackt dotiURRBe Mo MEMBYTR BktigSR @ LIANC 36 i s PCR
primer JF320 SEQ ID NO 36 is PCR prinmer JF321 1le SEQ FD NG 37 is PCR pri.nmer

JF386 SE®etiDenicBGesBRARAMPABEIFUAS SEQ I D NO: 39 is oligonucl eotide JF354
SEQ ID NO. 40 is PCR prinmer JF355 SEC ID NO:.41 is PCR pri rrer JF356 20 SEQ I D

NG 42 1s ol gonSu[:S.:(lleIBtfl\igeB st%Aé%enhlg U'ngequence A(‘éenéank # F14 §o§r349

SEQ ID NO:9 is simian immediate early gene 3'UTR sequence
5 {(GenBank #M16019) ' -

SEQ ID NO:10 is rabbit B g!obln poly A sequence {GenBank
#K03256)

SEQ ID NO:11 is SImian sCMV immediate early gene poly A ("
sequence {GenBank #M1601 9)

10 - SEQ [D NO:12 is HSV2 gB gene poly A sequence {GenBank
#286099) ' |

SEQ ID NO:13 is HPV186 early gene poly A sequence {GenBank
#K02718)

SEQ iD NO:14 is the sequence of the pJV 'expressilon vector
15 ~ SEQID _NO;15 is PCR p'rimef JF93

SEQ ID NO:16 is PCR primer F110

-éEQ ID NQ:17 is PCR primer GW1 ‘

SEQ ID Nb:'[ 8 is PCR primer JF254

SEQ ID NO:19 is PCR primer GW150
20 SEQ ID NO:20 is PCR primer JF255

SEQ ID NO:21 is PCR primer DS

SEQ ID NO:22 is PCR primer DA1



SEQ ID NO 44 is PCR primer JF350 - SEQ ID NO 45 is oligonucleotide JF351 SEQ

ID NO. 46 is PCR prinmer JF352 s SEQ ID NO:47 is PCR priner JF353 SEQ ID

NO48 is PCR primer JF430 SEQ I'D NG 49 is PCR primer JF442 SEQ I D NG 50 is
primer JF421 SEQ ID NGO 51 is PCR prinmer JF444 10 SEQ ID NO:62 is

Pseudorabl es virus (PRV) pronoter sequenrce. SEQ I D NO 53 is Rous sarcomm

virus (RSV) pronpoter sequence, DETAILED DESCRI PTI ON Before describing the

present invention in detail, it is to be . understood that this i.nvention is

not limted to p | | drfrl | ecul es or process paraneters

as such may, of ?E?r?’%waZ?G EXP&(?R ﬂrm?g‘jm?lmbe understood that the

term nol ogy used herein is for t he purpose of describing particular

enbodi ments of t8EQ My &Y 2dnisoPCR, priner JB30R2t  intended to be linmiting. In

addition, the practice of the present invention wll enploy, unless

ot herw se indicated, conventional nethods of 20 virol ogy, m crobiology,

mol ecul ar bi ol ogFEC BT bis2haistPORrire@hdi8dies and i rmunol ogy al | of which

are within the ordinary skill of the art Such t echni ques are expl ai ned
fully inthe lit ture. . 9ee, : et a/., Mlecular doning: A
Laboratory Nanua§E®2hnjqjﬁéﬁ§l%i ’8&,;0&39@ .57%\%80 oni ng: A Pr actical Approach,
vol. I & 11 (D. dover, ed.); -Oigonucleotlde Synthesis (N Git, ed.,

1984); A Practi cg bg kng (1984); and Fundanent al '
Vi r ol ogy, 2nd Edi FI on, vo'?.q [P%ﬁﬁwﬂn@%% elds and D.M Knipe, eds.), Al
publications, patents and patent applications cited herein, 5 whether supra
or infra, are hegseQYlD NCRPBOEFRCH phiyndrefe3Bmce in their entirety.

C | SEQ ID NO:29 is PCR primer JF357
SEQ‘JD NO:30 is PCR primer JF365 | .
SEQ ID NO:31 is PCR primer JF393
10 SEQ ID NO:32 is PCR primer JF406
| SEQ ID NO:33 is PCR primer JF2586
'SEQ ID NO:34 is PCR primer JF257
SEQ ID NO:35 is PCR primer J;=320
C SEQ (D NO:36 is PCR primer JF321
15 - SEQ 1D NO:37 is PCR ﬁ(imer JF386
SEQ ID NO:38 is PCR primer FoAS
SEQ ID NO:39 ils oligonuclgotide JF3'54
SEQ ID NO:40 is PCR primer JF355

SEQ 1D NO:41 is PCR primer JF3586

20 SEQ ID NO:42 is oligonucleotide JF348



It must be noted that, as used in this specification and the appended
clains, the singular forns "a," "an" and "the" include plural referents

unl ess the content clearly dictates otherwise. io A Definitions Unless
defined otherw se, all technical and scientific terms_ used herein have the
sanme rmreani ng as - conmmonl y understood by1i@gne of ordinary skill in.the art to
whi ch the invention pertains. Although a nunber of nmet'hods and materials
simlar or eqguivalent to those described is . herein can be used in the

practice of the guEesBNoi Y PR prikdte Jgfcerred materials and nethods are
descri bed herein. in describing tﬁe present invention, the follow ng terns

will be C enployed, and are intended to be defined as indicated below. The
term "nucl ei c a@REQ iiDMNDi4étis @CR pemeseldF3d& ein to refer to the 20

i ntroduction of a nucleic acid nol ecul e encoding one or nore sel ected
antigens into a host cell for the in vivo expression,of the antigen or'

anti gens. The n®EQille N@i4b @DB@@D@C@@Hd@)éFBEﬂroduced directly into the
reci pi ent subject, such as by standard intranuscul ar or intradernal

i njection; tranﬁ_)dﬁ I, Ray ti.cl %ﬁiel.i very..dnhal ation; topically, or by oral,
25 intranasal o E@ﬂ@%d@? PHHEIR tion. The rol ecul e ,
alternatively can be introduced ex vivo into cells. which have been renoved

froma subject. éEDtliBiP@O!@?ti@PC(F?éﬁme?eJlﬂS%?mt aining the nucleic acid

nol ecul e of interest are re-introduced I1nto the subject such that an r 12
i mmune response can be nounted agai nst the antigen encoded by the nucleic

acid nol ecul e. BEONMDN@I48 ac PCRplHgrul F=30sed in such i mmuni zation are
generally referred to herein as "nucleic acid vaccines,"” The term "adj uvant
intends an material 'or conposition capable.of 5 specifically or

non- speci fi cal | \BERARNGAD dnRaitpriglerdinddét i ng, redirecting, - (0

SEQID NO:50 is PCR primer JF4.21
SEQ ID NO:51 is PCR prir;qer.JFéM-d- B
10 - SEQ ID. NO,:52 is Pseudorabies virus (PF{V) promoter sequen_'ce.
SEQ ID NO:53 is Rous sarcoma virus (RSV) promoter éequénce.
DETAILED DESCRIPTION |

Before describing thé_ present invention in detail, it is to be |
understood that this invention is not limited to particularly exemplified {
15 molecules or process parameters as such may, of coﬂrse', vary. It is also .‘
to b.e undefstood that the terminology used hersin is fér'the purﬁose of
describing parﬁcular embodiments of the inventibn only, and is not |
intended te be limiting. In addition, the practice of the presen"c invention
will erﬁploy, unless otherwise indicated, conhvéntional methods of
20 virology, microbiclogy, molecular bioclogy, recombinant DNA techniques
and immunology all of which are within the ordinary skill of the art.
Such techniques are expiained fully in the literaturé. See, e.9.,
Sambrook, et al., Molecular Cloning: A Laboratory Manual {2nd Edition,
1989); DNA Cloning: A Practical Approach, vol. | & Il {D. Glover, gd.); :



potentiating or initiating an antigen specific i mune response. Thus,
coadm ni sration of an adjuvant with an antigen may result in a |l ower dose
or fewer dose of antigen being necessary to achive a desired i nmune
response in the subject to which the antigen is adm nistered, or to

coadm nistration may result in a qualitldtively and/or quantitavely different
i mmune response in the subject. In particular, the adm nistration.of the

adj uvant may result in an enhanced i nmune response such as and of (greater
nmagni t ude abiymvuelos d@ie Synifbsls 4N Gdii, \eene$9844; ArfradfivyeBlideaty be

determ ned by adm nistering the adjuvant with a vaccine conposition is in
par al | el wiMaleswiarcelondng 6hp84itavh ardreer®/ afiralegy. dnd Esiigrarvelg! anti body

and/ or cel |l yl iated i ' .in the two groups using standard assays
such as rao‘gdﬂﬁnﬁﬁ?@é&ﬁHM@“'%&%& assays. By "core carrier” is neant

a carrier on which a guest nucleic acid (e.g,, DNA, RNA) is coated in order

to inpart a defi icle Si f i .ci hi gh density
to achi eve the nﬂoﬁ #tl%ﬁ%]g#’ggﬁl ;?éetf?ﬁz;égrﬁ_nd?gfwn%pr%rﬁgﬁgﬁ%ec{#eeﬁIz?lfeliﬁ/{’ such t hat

the guest nphetidresgr drgndel avehetbbysinaarpmratddche reRgeaéeth tigsihni ques (see,
e.g., US. Patent No. 5,100,792). Core carriers typically include materials

such as turgysirety. gold, platinum ferrite, polystyrene and | atex. See e.g.,
Particle 25 Bonbardment Technol ogy for Gene Transfer, (1994) Yang,-N. ed.,

Oxford University Press, New, York, NY pages.10-11.. By "needl el ess syringe".
is meant an i nst&@ﬁ%ﬁb%ﬂpéﬁ’ﬂ daat, Asrusesd "ﬂﬂgﬁ ?%%ﬁ‘g?%a/%ﬁ‘ﬁgsﬁh@i on

t ransder nal it hout. - I 2Qtd 9 agneed| jerce the
skin. Needléé%ee\ggte?y#%[r?té%gth orngé@?ﬁsﬁﬁyt _ﬁ’e. %?Ieas’_qe%t tﬁ?nf\;'ecﬁfqegﬁmarrgg di scussed
her ei n. Theef&bAts LnRRSARERINtefebickdly WitRtendshdriisader el (e.g., into the
erms or epidernms), transdermal (e.g., "percutaneous") and 5 transnucosal

adm nistration, i.e., delivery by passage -of an agent into or
10 A, Definitions ' . :
_Unless defined otherwise, all technical and scientific terms used
herein have .‘the same meaning as commonly undsrstood by one of
ordinary skill in the art to which the invention pertains.. Although a
number of methods and materials similar or equivalent to those described
1§ . herein can be used in the practice of the present invention, the preferred'

materials and methods are described herein.

in describing the present invention, the following ‘Eerms will be

( ' - employed, and are intended to be defined as indicated below.

The term “nucleic acid immunization” is used herein to refer to the

20 introduction of a nucleic acid _mo!ecule encoeding ong or more sélec:ted
antigens into a host cell for the in vivo expression of the ahtigen or’
antigens. The nucleic acid molecule can be introduced directly into the
recipient subject, such as by standard intramuscular or intradermal
injection; transdermailpartic:le delivery; inhalation; topically, or by oral,

25 intranasal or mucosal modes of administration. The molecule

alternatively can be introduced ex vivo into cells. which have been
removed from a subject. In this latter case, cells containing the nucleic

acid molecule of interest are re-introduced into the subject such that an



t hrough skin or nucosal tissue. See, e.g., Transdermal Drug Delivery:

Devel opnental |ssues and Research Initiatives, Hadgraft and Cuy (eds.),

Mar cel Dekker, Inc., (1989); Controlled Drug Delivery: Fundanentals and

Appl i catii ons, Robinson and Lee (eds.), Marcel Dekker Inc., (1987); and 10
Transdermal Delivery of Drugs, Vols. 113, Kydoni eus and Berner (eds.), CRC
Press, (1987). Thus, the term enconpasses delivery froma needleless
syringe as described in U S. Patent No: 5,630,796, as well as. '

parti cl e- nidimainedredpbhye rcgnass desntet edainstUhs. arPafeenéndialedSh Béhe 796. A
"pol ypeptide" is used in it broadest sense to refer to a i5 conpound' of two
or nore suBUERIC agidnmotraule. Tae PCaE *FidABPiggYlesousedimetctbept i doni neti cs.

cstor. el hETUElRatOR ol Sen BB R (LK BT 28 5 HE 4910 FBFEPESLo ol Chor

natural and/or unnatural or synthetic am.no acids, including glycine and

both the D or L tii.cal » intEHHE AV £ BF QQEI' :

pepti dom neti csTﬂ%tgg@t iédjg' 95 Ttslme_e or nbrglgirr?ﬁgg Cl étg&?gﬂ]g%ﬁ%%onf! y called
an ol i gepeppasifichlly bheopesiddifcalaatiering, Sditidncind, ditd@imeneidechgi n is

|l ong, the peptide is typically called a polypeptide or a protein. An

"anti gen" peferiating aninitiging angantigen specificannownd ezadomse. T&ushi ch can
elicit an i nol.ogi cal respopse in an individual. The term may be used to
refer to aﬁ%i‘ﬁ)? 1]n ﬂ‘é@?cﬂ?@‘ﬂ‘éﬁi’ﬁl‘@'tgraq BHICTH HRBY EFBBLE BIOWET er ogeneous
popul ati on i [ | : jn, 3" Lgen" is
general |y Hgé%%?geg%?éﬁsmgﬁéﬁﬁ%ﬁ] T%%Sgafg? gghﬁﬁ %He?ﬁ%&é eof which
contai Ns oRgmRIne'RsBoRBE [PRBE subRict thavlith e RARH &f adthiPRSENbr

i nvention, antigens can be obtained or derived fromany appropriate source.
Fur t her mor epadministratipnpeg eesult in hequabitathesly dnVentyuamtitarely' différgan” [

i ncl udes .a_protein having nodifications, _such as deletions, additions and "
subst i t ut | BREVUNGSIRSPANES Tt 6A8 spbiactyid particular, the administration of the

adjuvant may result in an enhanced immune response such as ong of
greater magnitude and/or duration. The effectiveness of an adjuvant can
be determined by administering the adjuvant with a vajcc:ine composition
15 in parallel with a vaccine composition alone to animals and comparing
antibody and/or cellular mediated immunity in the two groups using

standard assays such as radioimmunoassay, EL!SAé, and CTL assays.

By “core carrier” is meant a carrier on which a guest nucleic acid
(e.g.,l DNA, RNA) is coated in order to impart a defined particle size as
20 well as a sufficiently high density to 'achie;.fe the monﬁentum requii‘ed for
' cell membrane penetration, such that the guest molecule can be
delivered using particle-mediated techniques (see, e.g., U.S. Patent No.
5,100,792}, Core carriers typically include materials such aé tungsten ,
gold, platinum, ferrite, polystyrene and latex. See e.g., Particle
25 Bombardment Technology for Gene Transfer, {1984) Yang, N. ed.,
Oxford University Press, New York, NY pages 10-11. :

By “needleless syringe” is meant an instrument which delivers a

particulate compaesition transdermally without the aid of a conventional



S nature) to the native sequence, so long as the protein maintains
sufficient immunogenicity. These nodifications may be deliberate, for
exanpl e through site-directed nmutagenesis, or may be accidental, such as
through nutations of hosts which produce the antigens. An "inmune response”
agai nst an antigen of interest is the q4» developnent in an individual of a
hunoral and/or a cellular |nnune response to that antigen. For purposes of
the present invention, a "hunorsl inmmune response” refers to an i mmune

response ne ¥ : i p‘];%g}ﬁ response”
IS one rredllg‘téedsqgaﬁeﬁc% o%:{yiméeis&gﬁg/%rﬁy}g?%%%ﬁh?ﬁhhwo%&ge S. 15 The
terns "nucl mw@nﬁgnqarmaj]mb@d Hmgin. pol ynucl eoti de" are used interchangeably
herein and refer to a polyneric formof nucleotides of any |length, either
deoxyri bonucl eotides or ribonucleotides, or analogs thereof.

Pol ynucl eot i des g thawé tr@mdeﬁnefe” %ﬁlwemsirdﬁads éniraderonad, (e@dlﬂhm’sheperfor m
any function, known qr unknown. exa Ies of 20 pol ynucl eoti des

i ncl ude a g@?féﬂlsfrg@i@ermlﬁbﬁé?ﬂs eé%ée 9| *nt RUtanepus<hbARdr RNA (MRNA)

transfer, Y, g&g@ oti-des
br anched’ p 9%'1]{9@ %ﬁeéades tegdsdr}npé eﬁea\‘?lé‘é rs\”:I I sol™at edg'gl@%%wﬁtlb;bgequence
i sol at ed R%r@ﬂgﬁ@k;rseﬂﬁﬁm@eaz tified.eSeepeid, TraRRfarmRN DY DB Ser %zas A

pol ynucl eotide I's typically conmposed of a speC|f|c sequence of our

nuci eot i de Baselepneeteal sués\ppd Resesrele/Nitytivey dtadpattQnd &wuy (adsyyi ne (T)
(ot ol 3@:@%@&%&%@ 'wg}; it Fancapions g " 1
Pt oot ane BRI, Sl ol PR G I M PSR AL S DB o 1oy
ggglr nf on gat T)%?;saf@%bpéb!:@ﬁ o?ﬂm;g%e VIS iR} ddironsTaRe Bdtfier (U, o9y

CRC Press, {1987). Thus, the term encompasses del:very from a

needleless syringe as d_escnbed in U.S. Patent No: 5,630,796, as well as

perticle-mediated delivery as described in U.S, Patent No. 5,865,796.

A “"polypeptide” is used in it broadest sense fo refer to a

15 compound of two or more subunit amino acids, amino acid analogs, or -

“other peptidomimetics. The subunits may be linked by peptide bonds or

by other bonds, -for examp'le ester, ether, etc. As used ‘herein, the term

“amino acld” refers to sither natural and/or unnatural or synthetic amino

acids, mcludlng glycine and both the D or L optical isomers, and amino

(, 20 acid analogs and peptidomimetics. A peptide of three or more amino |
acids is commanly ceiled an ofigopeptide if the peptide chain is short. If
the'peptide chain is iong, the peptide is typically called a polypeptide or a

protein,

An” ant[gen refers to any agent, generally a macromolecule,

25 which can e]sc:t an immunological response in an individual, The term
may be used to refer to an individual macromolecule or to a
‘homogeneous or heteroge‘neous population of antigenic macromc‘rllecules.
As used herein, “antigen” Is generally used to refer to a protein molecule

or portien thereof which contains one or more epitopes. For the



A "vector" is capable of transferring nucleic acid sequences to s target
cells (e.g., viral vectors, non-viral vectors, particulate carriers,

| i posones). Typically, "vector construct,

"expression vector," and

tr’ansfer vector,"” nmean any nucl eic acid construct capable of directi
expression of a gene of interest. and whch can transfer gene sequences to
target cells. Thus, the termincludes cloning and C 1o expressi,on vehicles,
as well as viral vectors. A "plasnmd" is a vector in the formof an

i R e L

sel ected a

tigen 1s a el c acl ranscri

and,
"gene
ng the

(in the

case of DNNorARfhy hp@igphiatedolide. t Parthasross, ToRMAS puibeses ebthepept i de in

vivo when placed is under the control

of appropriate regul atory sequences.

The boundapresendfinvehtonpdn fgntiggné ivdudes aduoésini madhdynadifcaliens;odon at
the 5° (am no?1 term nus and _a translation stop codon at the 3. (carboxy)

t er m nus.

FyF

e udes b posEs T f A :
oo o yotd o e L o BRRA IR b e BRI 2 b e roa
3&3&&%{ BN RRAMSHF e Thebe thodifieatiBhs May BEHLRBEIARB, fGauence. may

and even

be |ocate

to the codl ng sequence. A "pronoter™ IS a nucleotide sequence

asheelstippes addigions A ftugans dgenenally | cansen@tyesiBquences

whi ch i ni t iexbaplantrougiysiteddiectechnadagphésia, of maywbé ypeplehdsizenchdi ng
- pol ynucl eotide. 25 Pronpters can inc|ude inducible pronmoters (where :
expr essi on asfthsough Muiationstaideosie yubisbarregesatihe antigesd. t o the pronmoter is
i nduced by an anal yte, cofactor, regulatory protein, etc.), repressible:

pronot ers (wher expression of a, cleotide s ence.operably linked to
t he pronoter i?'\rr’ Fﬁ'& %éﬁgl?

etc.), and

"pronoter’

ol.ynu
ePPEEEE 5P O8RC a g?%‘lsﬁ?nc%}tkﬁﬁno? TN § protei

d%r@elq‘b‘?ﬂéﬁi gf&fg;(ﬁdi%ﬁfa%?%%%ér%!ﬁr{c{?#ﬁ&%ﬂufa@%rﬁ% term

contr enent I nclu engt

functi onal response to that antigen. For purposes of the present invention, a

15

20

25

"humoral immune response” refers to an immune response mediated by
antibody molecules, while a “cellular immune response” is one mediated

by .T—!ymphocytes and/or other white blood cells.

The terms “nucleic acid molecule” and “polynucleotide” are used
interchangeably hersin and refer to a polymeric form of nucleotides of
any length, either deoxyribonucleotideé or ribonucleotides, or anvalogs'
thereof. Polynucleotides may have any three-dimensional structure, and
may- perform any function, known or unknown. Nen-imiting examples of
polynucleotides include a gene, a gene fragment, exons, introns,
messenger RNA {mRNA)}, transfer RNA, ribosomal RNA, ribozymes,
c¢DNA, recombinant polynucleotides, branched polyhucleotides, plasmids,
vectors, isolated DNA of any sequence, isolated RNA of any sequencé,

nucleic acid probes, and primers.

A polynucleotide is typically composed of a spéecific ssquence of
four nucleotide bases: adenine {A); cytosine (C); guanine (G); and
thymine (T} {uracil (U} for thymine (T) when the polynucleotide is RNA).

Thus, the term nucleic acid sequence is the alphabetical represenfation of

‘a polynucleotide molecule. This alphabetical representation can be input -

n,

-
pronoter regions and ™

I



(e.g., controls transcription or translation) segnents of these regions.
"Qperably linked" refers to an arrangenent of elenents wherein s the
conponents so described are configured so as to performtheir usual

function. Thus, a given pronoter operably linked to a nucleic acid sequence
i s ‘capabl e of effecting the expression'q% t hat sequence when the proper
enzynmes are present. The pronoter need not be contiguous wth the sequence,
so long as it functions to direct the expression iio thereof. Thus, for

exanpl e, interveni nt r ansl : n ' equences_can _be present
bet ween thet"ﬁaoér?r%ta grgs‘gsewu nccoﬁéﬁger%ﬁ%énﬁé]%cfeg{t@?i}% Sssg?ﬂé'ﬁ’l:ea%%ﬁs?&e
pronoter  seggeppfehatics dpdiRafionsistenats fdmi%apbanémﬁgegﬁdt o the coding
sequence. "Reconbinant” 1s used herein to describe™a nucleic acid nol ecule

i 5 (pol ynucheatoldey setrafdngm c, cDNA, sem synthetic, or synthetic origin

whi ch, by virtue of its origin or manipulation is not associated with all or
a portion of the polynuc|eotide with which it is associated in nature

and/ or is |inkedA ovéctes! imoepaldei dfcransierringaucleimecidesamiensestioi s | i nked

in nature. Two nu I?i c aci d] sequences which are conh.ai Ped W thin a, ,single
20 reconti nﬁ?ﬁg‘?ﬁﬁgﬁ%i %‘gac}"(ﬂan%‘?‘%e ; ”%{}'E’fﬂﬁ‘é‘?%PB%;o‘bad Sulate CatTirS: #Bdeach
other when iiPSé’m%E}.F“T'g{all},gxgg?"wc:%?%ﬂs g A ré@é%&r%ﬁ%r," Qngature.

Honol ogues of poynuci e are referred to herern. Typically a

pol ynucl eot i“genavitzeis férsvéaion) ogean dry andelescid doysuciceebdbld 6f at | east
70% honol ogous to the polynucleotide, préeferably at |east 80 or 90% 25 and
nmore pr ef er disegtiag the sxprosien 97w pen® olsinienestaysliwhithe cet dralndfehods of

neasuri ng honol o are |l known,in the art and.it will be understood b
those of ~skBEDe SHULRRCSR £O (REAETIGHIEN ! hiS JBRICHDIDEXEeS IRMBE Y | < Y

| | t d H i H i '- i i t . AL sl 7 )
ol U1 261 QR el LA A i el ODY
the form of an extrachromosomal genetic element. “

A nucleic acid sequence which “encodes” a selected antigen is a _
nucleic acid molecule which is transcribéd (in the case of DNA) and
translated (in the case of mRNA) into a polypeptide /in vivo when ple_iced

18 u.nder the control of appropriate regulatory séquent_:es. The boundaries of
the coding sequence are determined by a start codon at the 5" (amino)
terminus and a transiation stop codon at the 3' (carboxy} terminus. For
the purposes of the inventien, such nucleic acid sequences can include,
but are not limited to, eDNA from viral, procaryotic or eucaryotic mRNA,

( 20 genomic sequences from viral or procaryotic DNA or RNA, and even
synthetic DNA sequences. A transcription terminaﬁon sequé_nce may be

Ihocat.ed 3' 1o the. coding sequence.

A “promoter” is a nucleotide sequence which initiates and
regulates transcripiion of a polypeptideaéncoding polynucleotide.
25 Promoters can include inducible promoters (where expression of a
“polynucleotide sequence operably linked to the promoter is induced by an
analyte, cofactor, regulatory protein, stc.), repressible promoters {where
expression of a po[ynilcleotide sequence operably linked to the promoter

is repressed by an analyte, cofactor, regulatory protein, etc.), and



for instance at |east 40, 60 or 100 or nore contiguous nucl eotides. Methods
of neasuring pol ynucl eoti de honol ogy or identity are known in the art. For
exanpl e the UWSCG Package provides the 5 BESTFI T program which can be used
to, cal cul ate honology (e.g. used on its default settings) (Devereux et al
(1984) -Nucl ei c Aci-ds Research ‘12, p38#g95).- The Pl LEUP and BLAST

al gorithns. can al so be used to cal culate .honology-or |ine up sequences
(typically on their default settings), for io exanple as described in

Al tschul  S. fondik8838 ploMltedsy Ol i36hPdedABat the t&fhUhromordr edrd! (1990) J
Me[ Biol 215:403-10. Software for perform ng BLAST analysis is publicly

avai |l abl e fdurmugtel¢mentiainictudds fdhiengtl proBotdraehivnsogyd Fofictiomdli on
(http: /I ww. ncbi-.nl mni h.govf). This algorithminvolves first identifying 15
hi gh scori ni§-&eqesiisds pansciprs orgjansiainnlf saamnerisorh thesedegsins.ength W in
t he query sequence that either match or. satisfy some positive-val ued

th hol d e J.wh | i th d of th I th in. dat ab
Sequence. T 1 r EFEBY IQREE tele e oF g OB B ot (P EER VORI ol 4

(At schuly el AborHALA): «JHeSEibA bi boRghalaous boqd BFdelaney 2Buart as

seeds for initrat searches to contalnin word hits

are ext endeflirictioBot Thas f £gtvcPNsrothend cfredbiyamkenae 4 euckickald as the
currul ative alignnent score can be increased. Extensions for the word hits

i n each di rssuanceds edpabicedf affentingibe cxpissiow ef dhayseemenceswdran goes to

zero or below, due to the accunul ation of one or nore 25 negati've-scoring
resi due al i BIfnRIAPEr eBRYIGE AIRPIEFeRY-1 hBF RIRHEAICRSPS NOE OLCHELITUNES BLAST

a1 Ponment. A Bersihsh 3R 1odasRE CheFal o oBSEE P Mitesig "or 11, tne

BLOSUNGZ oS C@{drB8f. MRhk X fdrs8&mpienirkehfering uherinkRitéd (9 Yandrided Natl . Aca;'qj":l
Sci. USA 89.10915 18 '

seguences can be present between the promoter sequence and the
nucleic acid sequence and the promoter sequence can siill be considered

"aperably linked” to the coding sequence.

“Recombinant” is used herein to describe a r_lucleic acid molec’:ule
15 (polynucleotide) of genomic, cDNA-,‘semisy‘nthetic, or synthetic origin
which, by virtue of its origin or manipulation is not associated with all or
a portion of the polynucleotide with which it is associated in n'a.ture-
and/or is linked to a polynucleotide other than that to which it is linked in .
nature. Two nucleic acid sequences which are cont.ainea within a éingle
20 r'efcohrhbinant nucleic acid molecule are “hsterologous” re}ative t0"éa§h

other when they are not normally associated with each other in nature.

Homologues of pdlynuéleotides’ are referred to Irlerein; Typically a
polynucleotide which is homologou_s to another bolynuc[eotide is at 'leésf
70% homologous to the polynuciéotid"e, preferably at leéét 80 c;r 90%..

25 and more preferably at least 95%, 97% or 99% homologous thereto.
Methods of measuring homology are well known in the art and it wiil be
understood by those of skill in the art that in the present context,

homology is calculated on the basis of nucleic acid identity. Such-



10919) alignnents (B) of 50, expectation (F) of 10, M5, N=4, and a
‘conparison of both strands. The BLAST al gorithm perforns a statisti cal
analysis of the simlarity between two sequences; see e.g., Karlin and

Al tschul (1993) s Proc. Nat!, Acad. Scl. USA 90:5873-5787. One neasure of
simlarity provided by the BLAST algori?bn1is the smal | est sum probability
(P(N)), which provides an indicati-on of the probability. by which a match
between two nucl eotide or amno- acid sequences woul d occur by - chance. For

cral est culCHHEREE iy S SH SErttah of e et P o Bre bR AL e Secon
sequence i s fbefstama af Rt 4b m@fﬁWbVﬂﬁé%odtlgﬁﬁ%eﬁ g.mor e

preferably less than about 0.01, and nost prefer | ess an about 0.001
.. The honol ogues typically hybr| dize with the relevant 15 pol ynucl eoti de at
a level significaieihpdabsfvechsuknyy pohohucléwids bnaiolm@,vei' idegeitgraxbed by the
I nteracti on_between the honol ogue and t he 80I nucl eotide is typically at

| east 10 fokaowgr bf Hieadrty kar 43)@&@? leibg YWGLG %@Cliﬁﬁ%ﬁ@i% ﬂb’ackgr ound

hybri di d, I

by T adi olab BTy BreOtroNE o G B ERedse taialn BReies o a@satqerﬁﬁ”f’se

t | f
eiglng?e Y a@%ﬁggﬁt%@ﬁ?orqﬁg& SP%{)&;{?@ Syne?%m[% gﬂgg rom ab(()ut?rSO C

to about 60 Qg7$395pgent hybr i d| zat i on conditions can include 50% f or mam de,
5x Denhardt s Solution, 5x SSC, 0.1 % SDS and 100 jig/m denatured 25
sal non sperm DNA and the washi ng conditi ons can include 2x SSC,-~ 0.1 % SDS
at 37C foll owed B¥rel HLEYE, arod B4/ STsalgoriesas q:a@ralamt@ ua@bt@palcmfae
hybrldlzatl nd|t| NS i S vvlthnthe skf gfa} ?9
Sénbrook et grno ogﬁa,ri:nerup sequences (typically on then' efault settlngs) o}

10 examp[e as described in Altschul S.F. (1993} J Mol Evol 36:290- 300

Altschul S, Feral (1 990) J Mol Biol 215:403-10.

Sqftware for performing BLAST analysis is publicly available
through the National »Centfe for Biotechnology lnformation‘
{http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying

15  high scoring sequenee pair {HSPs) by identifying short words of length W
| .in the guery sequence that either match or eatiefy some positive-valued
' ’threshoid score T when aligned with a word of tne same lengfh ina

database sequence T is referred to as the neighbourhood word score
C threshold {Altschul ef af, supra). These initial neighbourhood word hits

20 act as seeds for mmatlng searches 1o find HSPs contalnmg them The
word hits ‘are extended in both directions along each sequence for as far
as the cumulative alignment score can be inéreased. Extensmns fer the
word hits in each direction are halted when: the cumulatlve ahgnment
score goes to zero or below, due to the accumulation of one or more

25 negative-scoring residue alignments; or the end of either sequence is
reached. The BLAST a[gorithm'parame‘cers W, T and X determine the
sensitivity and speed of the alignment. The BLAST program uses as
defaults a word length {W) of 11, the BLOSUM®B2 scoring matrix (see
Henikoff and Henikoff (1992} Proc, Nail. Acad. Sci. USA 89:10915-



19 The honol ogue may differ froma sequence in the relevant pol ynucleotide
by less than 3, 5, 10, 15, 20 or nore nutations (each of which nmay be a
substitution, deletion or insertion). These mutations may be neasured over
a yegion of at least 30, for instance at |east 40, .5 60 or 100 or nore
contiguous nucl eotides -of the honol ogugg Wiere-a polynucl eoti de encodes a
pol ypepti de, substitutions preferably create  "conservative" changes in the
am no acid encoded. These are defined according to-the follow ng table.

Am no aci dsjg hey; ' ligymyan rehe ly in the
same | ne ﬁnognh%) %Hrﬁﬁgﬁtoslbtsr)m%rgg' b?;gecggﬂgﬁgg{ ?;P t}t éd fog?Ir 'gac%’ %ﬁ(ﬁg)r/ in
conser vat i wwmghaigesof BbtlPefrEndsNon- Polar G A P 1LV Pol ar-uncharged CS T
M NQ Polar-charged D E KR AROVATIC HFWY The terms "individual" and
"subject" are used interchangeably herein to refer to any nenber of the
subphyl um cor datTe BhASTdalggrith® perewes alstatisticalamalysismishand ot her
primates, incl udi ngenon- human ri mates such chi npanzees an% her apes

and nonkey,ST@¥aRleRetwaeitWe FeRHENCE e E8.&- T-attarln apRealschyldd ats and
horses; dongst.i u é ats: |aboratory.animals -
i ncl udi n% p%&@h gu ?l?éaﬁ} 2%6%555 §P(aj$§§%n@ bgﬁ'i tr?Z £ tﬂe&?,“f%ﬁ %&Pﬁ?rﬁl udi ng
domest i c, V&b@m@ﬁ%@%@@mé’r raﬂg%rﬁHﬁhis%ecérhﬁlf@éissurﬁtﬁrﬁsxﬁiiig@wm)hef
gal | i naceous bi rds, ucks, geese, and the ljike. The ternms do not denote a
parti cul'ar \apieh prolvides hotihdiadtibh cdrttiemarabability. behi whitied snagch | nt ended to be
covered. The nmethods described herein are intended for use in any of the
above between two nucleotide or amino acid sequences would occur by

chance. For example, a sequence is considered similar tb another

10 sequence if the smallest sum probability in comparison of the first ) ‘
sequence to the second sequence is less than about 1, prefer’ably less
-than about 0.1, more preferably less than abqut_0.01 . and most

' preferably less than about 0.007.

The homologues typically hybridize _wfth the relevant
15 polynucleotide at a level significantly above background. The signal level
generated by the interaction between the homologue and the ‘
polynucieotide is typically at least 10 fold, preferably at least 100 fold,
as intense as “background hybridisation”. The intensity of interaction
- may be measured, for example, by radiolabelling the probe, e.g. with *?P,
20 Selectivr—_; hybridisation is typically achieved using conditions of medium
to high strihgency, {for example, 0.03M sodium chloride a'nd. 0.003M

sodium citrate at from about 50 °C to about 60 °C,

‘Stringent hybridization conditions can include 50% formamide, Bx
" Denhardt’s Solution, .5>< S$SC, 0.1% SDS and 100 ug/ml denatured
25 . salmon sperm DNA and the Wa;shing conditions can include 2_:»(_E SSC,
0.1% SDS at 37°C followed by 1x SSC, 0.1% SDS at 68°C. Defining
appropriéte hybridization conditions is Wiihin the skill of th:e‘-art. Ses,

e.g., Sambrook et al., supra.



20 vertebrate species, since the inmune systens of all of these vertebrates
operate simlarly. B. General Overview The invention is concerned with
nucleic acid constructs which s allow efficient expression of heterol ogous
codi ng sequences, and in particular antigen-encoding genes, in host cells.
Mot e specifically;”"the invention provigfs nucl ei c acid constructs
conprising, or in sone enbodinents, consisting essentially of a chineric
pronot er sequence and a cloning-site, such that when a codi ng sequence is

inserted in the4,0 hng site e i nce.i s _i,n operable |inkage
with the chiner ifé_'e %ér’%%?%‘f'ef Wed@%rrr@r?ﬁcgg?.g%ﬁer mcm%?ell@@ﬁ or in sone
embodi ment $oaANEE [Yai , 9 1162} 5220@MmbrIRdlaL onot er
sequence; ?g[(b) e‘i%éﬁe?§gn§j§§ﬁé+)e8ast a part of exgn 2 Oi?h?ngé}ﬁégé@vamj_or :
I mredi at e eudtich rgendie ardbétijutiomedeetibogoussdrtibnan Thesy indeetionspl ace of the
intron A region of the hCW nmjor imediate early gene. The hCW i medi ate
ear|y' prommay bedyaeswed(ayerrmyegionfi aldeaspdO( for iastandevat leasd40Omedi at e

o) o e AP S e B SR b CP Un BBR o M5 S e
about 100 tsc:%{ lg .cfé &haRLYs aé&’ 8 @@Q’SJb%&itbﬁéﬁ F& oty (e fR0
nucl eoti des. ’Typi cally sequenc [?X? P ‘conpri ses ?ﬁe sequ NCES present in

(i) which bipfsékanesr ichbhgBs irgheramipb ald ehBed&NA TRRIskREei ffinedr | nst ead
of any of these sequences, honol ogues of these sequences.able to bind the

sane transeiccptdiog tbabedolowing Ralle. Amino acids in the- same block in the
second column and preferably in the same line in the third column may

10 be substituted for each other in conservative changes. .

C

ALIPHATIC Non+Polar ~ [GAP
- [Ty
Polar-uncharged CSTM
NQ
Polar-charged DE
KR
AROMATIC ' HFWY
Q - _ The terms “individual” and ”subjgct” are uséd-interdhangeab!y

herein to refer to any member of the subphylum c:ordéta, inélﬁding,

15 without limitation, humans and other primates, including néh—h_uman
primates such as chimpanzees an‘d other apes and ‘mc_-nkéy‘ :épecies; farm
animals such as cattle, sheep, piw;:js, goats and horses; doméétic
mammals such as dogs and cats; laboratory animals inc]ud_iﬁg rodents

- such as mice, rats and guinea pigs; birds, inc[uding domes’;ci}:, wild and

20 game birds such as chickens, turkeys and other gallinaceous bi_rds,
ducks, geese; and the like. The terms do not denocie a 'par't'icuiar age.
Thus, both adult ar;d newborn individuals are intended to be covered.

The methods described herein are intended for use in any of the above



pol ynmerise. Typically such sequences or their honol ogues are present in
pronoter sequence (a) in the sane order and/or substantially the sane 5
relative spacing as in (i). Generally, (i) conprises at |least from

nucl eotides -100 to -1, typically -150 to -1, for exanple -5d0 to -1 or
-600 to -1. of the hCW- mmj.or inmmedi abg early gene. Sequence (1) typically
conprises the HCW core -pronpoter sequence and nay al so include one or nore
enhancer Cio elenments present in hCW .imediate early pronoter.. For’

exanpl e, - ( hS Eai ; i o - -1 as in
s B218140 S LSRRGS o o MElpRRNS 7Siemis LB o 4pegt vertb sy o530
Ceneral 'y (dperafickisgiefliy@a TATA box or CAAT box commonly found in . pronoter
sequences. Preferably the sequence includes ane or nore of 15 the repeat
sequences in the hCW inmmediate early pronoter. 1In a preferred enbodi nent; - -
(i) conprid®s SEgeh@aNOvetview hCW i medi ate early pronoter sequence can be
obt ai ned using known nethods. A native hCW innedi ate early pronoter can be
Cisolated directly, . froma sanple of the virus, using standard, techniques.

20 US 5385839, f UG EREMBI08, 1S KOOCEMRS WIHENEEEHT AGIdoFOns RN Whishot er

regi on. The ! f i ' rlye 1S .available at
Genbanic naua3t SPER0? rafli st o PR Blr et oo AR Blraes o) ©
native SeqLt%?ﬁ@u%‘?lﬁgﬂigteﬁeérﬁ?o@'iﬁgsaénbiquﬁ@& IsPRFbrasigeeiftdly, Rhker s based
on the known sequence.” See e.g Sanbrook at a!, supra,” 25 for :a description
of techni quesecnised providbs aiue!can dcics obadteuNAcomprisinigt ablire shGM/ pr onot er
sequence could al so be isolated froman existing plasmd vector. Pronoter
sequences cHnbadikseenis. gposigtag esgantiely ehla shimegic omgies iseasenoa@gnt (i)

f t (i) i ' [ 1 whi ¢h t ai d/ ( | ts th
acti Vit of® PlREacRee i NRREn 3 Soqiid SediqRenrdn Gt e eI SFe the abi ity
to causg, (16! ige, et dtih g 9edfihce is in operable linkage with the chimeric

promoter.

The chimeric promoter comprises, or in some embodiments

consists essentially of:
{a) a hCMV immediate early promoter sequence;

15 (b} " exon 1 and at least a part of exon 2 of the hCMV major

immediate early gene; and

{c)  a heterclogous intron provided in place of the intron A

fteéion oflthe hCMV major immediate early gene.
The HCMV immediate early promoter sequence (a) may comprise;:
20 ' | _ {i) a ﬁaﬁve hCMV irﬁmediaté early promoter ‘seqUenc_e;
{ii) a functional homologous \-rariant .thereof; or

(il a functional fragment of (i} or {ii}.

In general sequenc_;'e {a) comprises ahout 100 to 600, preferably
200 to 600, for instance 400 to 600 nucleotides, Typically sequence (a)

25 comprises the sequences present in (i} which bind transcription factors or



regul ating) transcription of an operably |inked potynucleotide, in
particular 5 the hCW nmajor imredi ate early gene. In one enbodi nent, the
variant or fragment would be able-to conplenent the activity of the native
prpmoter-in a hCW virus, for exanple allowing the virus to retain the
ability to infect and/or replicate in cgj{ls. A-honol ogous variant-(ii) or
fragment (iii) can be assayed for the -io ability to. retain and/or

conpl enent the activity of (1). For exanple, a variant or fragnent may be

assayed for bilyint 0k 5 ' [ L Nf ' d/ or
replicati or;c hggﬁr}\l{t\t% [E/ta})érrgrﬁ%'aé\flistﬂd%vﬁd Pg%mi%ﬂﬁthf %g%ﬁgté ﬁ%éeﬂh@/t'/b%gi ate

early pronuffetheise digfuepicey abldAtd bimd tuwusmearramsdrintion faatofy @agi®MA (1i11) may
be tested for utility 15 using the Conparative Expression Assay bel ow. The
test pronotRstymesagndapicallyvppesequriseshy thakdarootoguesrarplpiegerdfint he

native hCW imedi ate early pronoter. Typical]ly, functional variant or
f r agment a[-]rPH%%ieélsePHﬁ@?eﬁ%/)%B J&@rsqrﬂgtoéﬁ%e?n%,}/S?E?taﬁ'@!aﬁig ce™ore of the

expressi on j_d ' ‘ base vector. Generally 6cpression is 20
pr ovi dein nregﬁwleegg?éfﬁgggﬁhmbr eferably two. reference cell types.

Typically, the reference cells are mammalian HEK 293T, CHO, HelLa, BHK, 3T3

or COS cells. Adgehé@ng! liy c8mprideraiabhyehym RiSBBLEEs SeADeRCY, My be tested
in the Conparative Imunogenicity Assay bel ow. Test pronoter sequence 25

i s swapped typiaallyhd S@ate - Velar axamplpl-20€ f -1t te-6@d itve 1hddMhe h@bti ate early
pronoter. A functional pronoter seguence provides antibody titres that are
at | east adnNfiogiTaReHRIHPRE GenRanSeaaRCS dhhdicalivogompesaadee hMeddYor with

feast 5 _tove s Bbsar st EhH ST alr e R e B S e 5, ¢
referred aMgans P?és%nlrlﬁfﬁmMﬁwr%gaaqe@afwtwﬁmgr@nt FBeBKanfsofdi ng to

this assay, a functional honol ogous variant (ii

may comprise from nucleotides -118 to -1, or -524 to -1 as in US
6218140, or from nucleotides -62 to 1 or -465 10 -1 as in US 538 5839.

Generally (i} includes a TATA box or CAAT box commonly found in
promoter sequences. Preferably the sequence includss one or more of

15 the; repeat sequences in the hCMV immediate early promoter.
In a preferred embodiment, (i) comprises SEQ ID NO: 1.

A hCMV immediate early promoter sequence can be obtained
using knbwn methods. A native hCMV immediate early promoter can be.
(--  isoiated direcﬂy from a sample _bf the virus, using standard ;fechnfqmes.
20 US 5385839, for example, describes the clo'ninglof a hCMV promoter
region. The sequence of a hCMV immediate earl;,/ promater is available
at Genbank #MIB0321 {(hCMY Towne s{rain) and X17403 (hCM_V Ad169
strain). A native sequence could therefore be isolated by PCR using PCF{.
primers based on the known sequence. See e.g Sémbrook'ef al, supra,”
25 for a description of techniques used to obtain and is}olate DNA. A
suitable hCMV promoter sequence could also be isolated from an existing

plasmid vector. Promoter s'equences' can also be produced synthetically.



functional fragnent (iii) of native pronoter sequence (i) is one which

all ows the highest antibody titres achieved by the native sequence. s

As- menti oned above, the construct nay conprise exon sequence (b) which
cenpri ses sequence derived fromexon 1 and exon 2 of the hCW major

I medi ate early gene. Exons are codi ngzgequences,- which ‘in nature ~
aregeneral ly separated by introns. I'n the native hCW nmjor immediate early
gene, exons 1 and 2 are usually separated by the native to intron A In the

present chimeri & fupnsionul Vafxen(id sdamnent (i8) seg@iakliy onposhidhoned 3'  of
exon 1 sequence, w thout intervening intron sequence, so that theexon | and
exon 2 seqiesatssar/or complguenss tix eativiéywdribe nailvenprpneotepriilse: (i) native
exon sequepnce, pijcally exon 1 a whol e or, 15 parti.al) exon 2; (ii) a
honol ogous vatqah%t‘fk@rawtm e ?@ﬂ?\ﬁmP?Hﬁ%I('Pcé@nQ i"i"T‘)mégf tional
fragment o Iy X L) ' Vi ' rom.abou "100% of
the nati VeFeW@ﬂl{%{)%r@gﬂf§féﬁe@%eﬁéhﬂ%ﬁélﬁﬁuélg%ﬁgﬁcg-,n E’Fg{?c%%arrpl e, 60
to 20 0% héRY naRYamMvEise baihrbeh8agh ciewbotitfeRBlitdlarian 1
sequence is present, 'such as 60% 70% 80% 90% or nore. Exon- sequence (b)
al so conpr bg émgptiedteastidabpaibie 0b coxpleR epeqheBetvityof $rovemes (1),
typically 2 or nore bases of native exon 2, for exanple 2 to_9,,2 to 7 or 3
to 5 basesprrraotarasenhCM) vinisahar exampld adpwirgothe¥ires taaetaialthaxon 2
sequence, for, exanple 5 to 95%, 20 to %or 40 to 60% of natural axon 2
n8h Yoroieel

sequence gy, 1o, freiggh @nd PRTF 'Ph%é%horml ogous variant has, any of the
above lengths nentioned for the native sequence. 24 . Preferably (i)

comprises SEQ 1R Nmofogottd VaRMR @Y 8P fRRANENCH(in 68288y 888 fiRg! usino -
10 ability to retain and/ér complement the activity of {i}. For example, a ' L
. variant or fragment may be assayed for ability to restore functidnality
{such as infection analor replication ability) to mutant .hCMV in which thé

- native hCMV immediate early promoter is defective.

A homoloéous variant [ii} or fragment {iii} may be tested for utility

15' using the Compérative Expression Assay be]ow. The test promoter
sequence is swapped into the base vector in place of the native hCMV
?mmediate early pramoter. Typically, a functicnal variant or fragment
allows at Iéast 50%, for instance, 60, 70, 80, 90% or more of the
expression provided using the base vector. ngerally expression is

20 provided in at least one hut preferapiy two, reference cell tfpes. : BN _
Typieally, the reference cells are rﬁammaliah HEK 293T,' CHO, Hela,
BHK, 3T3 or COS cells. | "

Additionally:or alternatively, promoter sequence may be tested in
the Comparative Imrﬁunogenicity Assay below. Test pron%_oter sequence
25 is swapped into the base vector in place of the native hCMV immedia‘cé
early promoter. A functional promoter sequence provides antibody titres
that are at least as high as or higher than those achieved by the bas‘e
vector with at least one, preferably two antigens. Preferably antibody
titres are at least 5%, 10%, 20%, 30% or 40% higher than with the



See e.g Sanbrook et a7., supra, for a description of techniques used to
obtain and isolate. DNA. Native hCW nmjor imedi ate early gene 5 sequence
can be isolated directly froma sanple of the virus, using standard

techni ques (see for exanple, MaclLean, A (1998) "Preparation of HSV-DNA and
Prbduction of Infectious Virus" in'kbrgf§,8inplex Virus Protocols S. Brown,
A Macl ean, editors, Humana Press, Totowa, NJ, pp.19-26). The sequence of a
hCW maj or i medi ate earl.y gene, 1o including the | ocation of exoni and axon

2, is available at GCenbapk M60Q321, X1 ) [RY: X0 2 seguences
coul d t her eS%"?eeVB%tqri Q%faﬁqrg%faptlgm% Fﬁ%%é%gﬁ\éef@ja@ﬂ fé'é' sequence at
appropri at e, i @t Ly jtd : i : n the
known seq u%%%%&sgu ﬁtclacg rhelﬁgitgzth%re%%rfg g? %lpgagﬁﬁ%{g@ l{/ggfl@n%gsﬁg 8 I? at ed
from 15 an Riicsionap fralgassrtdiil eftrestivesproimeisr pYRGeIce §) iFs08 velsighences can

al so be produced synthetically, rather than cloned. Variant sequences can
readi |y be altmss thethéghdsy andibodyditreeerbiwyeddivethsnativasegiercali r ect ed

nmut agenesi s. Generally the exon.sequence will, when present in the construct
of 20 the invention, enhapce expression, éztyrgl cal ly causing conparabl e
enhancengnt to tfA8 MERHOREGLIBAVE, HFCARFHS 188y, 139 PX@R FEAURREE above.

Exon_Sequengs B0 ARARKCGo U dLUIGH DAL YR g A IS n! 4 Pappar ot [ ve

Expr essi on Assay Xon sequence 1's swap i Nt e base

vector in pheRB/ elajbPRn@nents Ve gsnal EQBHY abs 858iNg sequerRRs! dHi¥haxon
sequence is functional if  the sequence does not abrogate expression but

pref erabl y inntatess ese’ geperatigisepaiatedtby Fasinsonkn the nafive hEnNAYI majono

reference, cell types when conpared to the base vector. Typically. the
reference clilNgd@ie eRENAATCaFXPERI0STd Z0RFS usially sepakategkby the native

(_ 10 intren A. In the present chimeric construct exon 2 sequence is generaily
positioned 3' of exon 1 sequence, without intervening intron sequence,

so that the-exon 1 and exon 2 sequences are contiguous.
Exon sequence (b} may comprise:

{i} native exoh sequence, typicaily exon 1 and {whole or

15 partial) exon 2;

(i} a homq!ogcus variant of (i} which is functional: or
(il & functional fragment of (i) or (i)

Seduénce (i) may comprise from about 5(5 to I’IOO%' of the native
_ ' hCMV major immediate earty gene exon 1 sequence, for example, 60 to
20 90% or 70 to 80%. Typically at least 50% of the naturé;_l e)%an 1
sequence is present, such as 60%, 70%, 80%, 30% or-mor_te. Exon
sequence (b} also comprises at least a part of exon 2 sequeace. In
sequence’ {i}, typically 2 or more bases of native exon 2, foriexample 2to
9,:2 to 7 or 3 to 5 bases are present. Up to and including 100% of
25 natural exon 2 sequence, for example b to 25%, 20 to 80%. or 4Q to
60% of natural ‘exon, 2 sequence may be present. Typically the -
homologous variant has any of the above lengths mentioned for the

native sequence.



3T3 or COS cells. Preferably expression increases by at |east 5% 10% 20%
30% or 40% According to this assay, a functional honol ogous variant (ii)
or functional fragment (iii) of natural exon sequence (i) is one which
allows at | east 50% of the expression inprovenent provided by 5 the natural
seguence. Additionally or alternatively, axon sequence nmay be tested in the
Conpar ative | mmunog.enicity Assay bel o4 Test exon. sequence, s swapped
into the base vector in place of the axon sequence already present.
Functi onal exon sequence provides antibody titres that are at 50 | east as

i gh as or i ghepreibaly HpeBnisiiee\SEOND Nbezbase vect or with at Ieast one,
preferably two antigens. Preferably antibody titres are at least 5% 10%

20% 30% or 40% hi gher than with the base vector. Preferred antigens are
HBsAg, HSV 2gD aBditébie-ddrastdugans. (bAcaoril ngtaitedtusing &asey, matliacet i onal
honol ogous variant (ii) or functional fragnent 15 (ii izl of natural exon

sequence’ (i9eq §-ORAMRTOOK &l FovaHorpel i g ABSE RN WS dpchrintpe sisadiPeved by

Lntron (o) oftaTARddsorte PNARTYETHENR helBfRbte e R eRRE s or - oo
e at . Vs AT v m i ced
from t he’ C-SStensRAT, baTedIBt (P Rirk euf 3P cCOsthRk SEMERRES AR | 50°Ps' one
which is nathnBaREesthriuéd) GseROfbrngkasgsle M LicAnn & (T 898 ThRrdpatfidH ogous

intron (c) replaces wholly or partially, native intron A of the hCW nmjor
i mredi at e eefr HEVgBNA amgigiroduicyiond Intadtioers Visus 6in NerpesiBiroptex Pisus n
general the_heterol ogous intro c) is.3" of axon sequence (b).  Typically
the hot er ol {Jg&REClE R rBIPWE) Ac%ﬁfﬁ@e?ﬁ‘tpfsfa}'lﬁﬁﬁlaunﬁa?rqsﬁt gkpwae Nd(ii) a
functi onal ﬁ}?.%l?ﬁg?.u%‘h\éaﬁéqﬁé%c%foﬁé)n'CNN/ major immediate early gene,
- 10 inciud_in_g-:the location of exont and éxon 2, Is available at Genbank | f
#M60321, X1 7403. Native exon 1 and 2 sequences cﬁuld therefore be
isolétsd by cutting the ﬁative major gene sequerice at appropriate |
~;’est.rh::t:ii:\Ih sites or by PCR using PCR.primers based on the known
sequénéé; Suitable exon sequences could alterna’tivéiy_ be isolated from
15 &an éxiéting plasmid vector, such as pWRéﬂ 28. Exon sequences can
also be produced synthetically, rather than cloned. Variant sequences
can readily be constructed by routine methodologies such as site-directed

mutag enesis.

Generally the exon sequence will, when present in the construct of
20 the invention, enhance expression, typically causing comparable
enhancement to the native exon 1 and exon 2 sequence_(i) mentioned

ahove.

Exon sequence may be assayed for functionality using the_
Comparative ExpressionlAssay below. Test exon sequence is swapped
25 into the base vector in pl.ace of the exon sequence already present. .
Generally exon sequence is functional if the sequence does not Iabrogate'
expression but preferably increases expression In at least one but
preferably two reference cell types when compared to the base vector.

Typically the reference cells are mammalian HEK293T, CHO, Hela, BHK,



(iii) a functional fragnment of (i) or (ii). i-leterologous intron (c) is in
general a viral or eukaryotic intron. Preferably the intron is a nmammalian
intron, in particular a non-human 5 intron, for exanple a rat or chicken
intron.. Preferably the intronis an iritron A for exanple, rat insulin

i nt'ron A, chicken keratin intron A or i cken cardiac action.intron A
Typically intron (c) has a length of from about 50 nucl eotides to about
1000 nucl eotides, for i.nstance fromabout 100 to about 500 i o nucl eoti des.

The intron f appl LSe:n0: Q. Lhucl eot.ides, ch as up
o 100, 200° 300 SO SHBehubT Lo HL P IHIAP HiPe R il e BT s
sequence foppg, agogheriaguac! Retbefsg 88 thistashadd, AffunBabhYPhEMoldgbiidl I n intron
A, or a honol ogue of this sequence. Preferably heterologous intton (c) is
capabl e of baiiary Siplor dadcfionah fragmeant RERoT nahsal Epdn isegasrck ) yobhe host
cell. In general the intron _conprises one or nore of a donor sequence (such
as GT); an wédepalbewssalggant 8006 v FhaExregssien Inppnament providedhbyegi on and
a branch poj,nt equence. The pyrimdine rich region, if present, may

i ncl ude, °f of1® BREIH FMENCEast 5, 8, 10 or nore pyrinidines. Preferably the
intron 20 conprises at |east a donor sequence, acceptor sequence' anda branch

poi nt._sequence. RuBiaHdIY dflaltéiRaB0bHPEkEn CRARERLE nay Bl Atdfn aRPY | Ses

non-intron flanking sequences ich are derive rom exon sequences found
on the intrgohpepatibe maansaseritity hesaabelal. | Tédiakdn $eqdditce &l anki ng exon
sequence may be native exon sequence or a honol ogue of 25 this sequences
whi ch ret ai $iwapped tiain the byse Necturia rdace of the axoniseqnance @lresdyuence, for

exanpl e retains splicing function. Typically from5.to. 10, referably from
7 10 10 basBSSEntekHRCIERALRIRN SPAUPHE BiRAde aRUBROLREeS ISt ron. 27

| @ ron ‘('18) e BE h‘:@j %@td-rfl{iﬁ-hé’ll thedH f1%e égkﬁé{@cgfﬂytthgtbés%evé&w M) St
| least oﬁe, préferab[y two éntigens. Preferably antibody titres are at Ieaét
5%, 10%, 20%, 30% or 40% higher than with the base vector.
Preferred antigens are HBsAg, HSV 2gD and flu-M2 antigens. According
to this ass'ay, a functional homologeous variant {ii) or functional _fi'agment
5 {if) off natural ekdﬁ sequence-(i) is"one which allows the'hvighest éntibody

titres achieved by the natural sequences.

The chimeric prc;moter construct comprises heterologous intron {c}
in place of the native intfon A region of the hCMV major immediate early
gene. An intronis a non-bodi'ngj séquence which is spliced from the

C—- ' 20 hnRNA transcribed from a géne: A heterologous intron is one which is

not present in the coding seguence in nature.

The heterologous intran {c) replaces wholly or partially, native
“intron A of the hCMV major immediate sarly gene. Typically the native

intron A is absent.
25 In general the heterologous intron {c} is 3' of exon sequence {b}. '
Typically the heterologous intron {c) comprises:

{)  anatural intron;



functional. For exanple, a reconbinant or chineric intron may be used. Such
an intron nmay conprise sequence fromnore than one natural intron. s
Typically intron (c) conprises sequences present in hCW intron A which
bi,nd transcription factors or regulatory proteins or instead of any . of

t hese sequences, honol ogues of these s@guences. able to bind the- same
factors or proteins. Typically such sequences or their honol ogues are
present in the intron (c) in the same order and/or substantially the to sane

rel ative spacing as igy hCM/rhftoMal Aomdlbgeis ediafBYyf GRnar i se an honol ogous
variant (ii) in whlch the sequence of the natural intron (1) has been

nodified to renove an internal restriction 'site. For exanple, an honol ogous
variant of rat insulifiii)i nta Gmctionahyragenersteof (ihomkiich an” internal Mel site
has ‘been destroyed. 15 Preferably, intron (c) corrprises (i) SEQID No. 3;
(ii1) a functional honpl ogous var| ant of (i), (i |%¢a functional fragment
of (i) or (ii). Heterongess irirer (¢lch 'H}sﬂﬁr}%alo%t"ﬁﬁh%eu W&’f@t'aﬁ@ﬁrd cl oni ng

20 tech As | abl
GenBank 108790 EoRaesin § narEiRP A Ebhol, e EMER Roh 68847 ana.
chi cken cangigg, f%é%ﬁlesé%'@&caﬁkeﬂﬁﬁaﬁk P@gﬁéﬁw *ér[(éﬁ]ﬁq%n Regyence can be

i sol ated from natural urces using prinmers bas owWn sequence.

Sequence mintrde Ay Rpahednsikntdteinsakn introVa, i chitketBkeagineint@in Avyr be obt ai ned
by nut agene3| s. Typically a functional intron sequence, for exanpl e a

functi onal chickenapardia¢ pcienantremdt.i onal fragnent (iii) is-one which has
substantially the 28 sane activity.as, and/or conplenents.the activi ty of a

natural intron ()0, GTIY SRS ASH XAk 3 RIS BTV
about 1000 nucleotides, for instance from about 100 to about 500 ' (.
10 nucleotides. The intron (¢} may for example, comprise 50 to 500
nucleotides, such as up to 100 200, 300 or 400 nucleotides. Preferabiy
the intron compnses sequence found at about nucleotldes 50 to 133 of

native rat insulin intron A, or a homologue of this sequence.

Preferably heteralogous intron (c} is capable of being slplic:e'd from
15 an RNA transcript in a eukaryotic host cell. In general the intron - |
comprises one or more of a donor sequence (such as GT),f an acceptor
sequence (such as AG), a 3' pyrimidine rich region and a branch ‘pein.t
seguence. "I‘he pyrimidine rich region, if present, may incgude, for
example et least 5 8,10 or more pyrimidines, F’referablyé the intron
ze comprises at least a donor sequence acceptor sequence and a brench
| point sequence. Typically in the chimeric construct, mtron {c:) comprises
no‘n-in_tron flanking sequences which are derived from exon sequences
found on the intron/exon boundaries of the natural intron -{f). “The
flanking exon sequence may be native exon sequence or a homo[ogue of
25 this sequences which retains substantially the same activity as the-lnative
sequence, for example retains splicing function. Typically from 5 t'e 10,
. preferably from 7 fo 10 bases of exon sequence are included at each end

of the intron.



Intron (c) sequences may be tested for splicing activity using a routine
splicing assay. In general a functional honologue (ii) or 5 functional
fragment (iii) will show at |east 50% for exanple 60% 70% 80% 90% and
up to 100% or nore of the splicing efficiency of the natural Intron (i) in

the assay. In-general the heterologous2izntron sequence wll, .when present in
the construct of the invention, enhance expression. Typi cal I y, a variant 10
(ii) or fragment (i(i) intron will cause conpar abl e enhancenent to a

natural intron (hironHdNEidyopalantattificigddhest, plovidéd RatS@RUPRGS C) can be
tested using the Conparative Expression Assay bel ow. The' heterol ogous

intron is Teneppeal. i FaroexdmeplsasaeventinantGeneniatdric indtaer wlaygoaisiseds r on
sequence |§uﬁi§| fupctional if the addition of t he sequence |ncreases

expr essi on AN ITEEYR MPHEOMPHISE RESHENSH SPTP\ABOF%’F'@%F\@@ nadwial t ypes by 25-%

or nore, C¢ ed to the base vector. Typically the reference cells are
manmal, i an 93T, CHO, HelLa, BHK, 3T3 or COS cells. The increase in
expression may be at |east 35% 45% 55%or nore. According to this 20

assay, g functi TR IR ih@Bh € kofipriseacid nbed pRAEAtD(IEAN fyAMAL ur el

intron sequenc I's one ich allows greater than 50% of the expression

i mpr overdtith ddd emghwtibhe“anana roatl regelgiencerotéinkedreihetexgbobapt ron (c)
sequence ma% additionally or alternatively be tested for functionality
usi ng the Chilpesasegenss, Hnmmmgahe%i:w mawwm ablattodpingdhesequence is
added to the base_  vecto

| t d
o Body t PemECTRoRats f Blotisnal Vi RalY BHEE seabehede BT VS RerBe et o with

at least o r Rpﬂliétltres are
at | east 59§erprég§$&%§%ﬁéﬁé¥\gr@gﬁ+2%% (%)cﬁ?@igﬁ)j %{5 aa‘ﬁin h', the base
gsct or. wzgsalﬂteerfeﬁﬁ\@lspmmgmsmaiwmﬁﬁggn AHSV2gD and Fl u-M2 anti gens.

cordi ng

lntron {c} may comprise an homologous variant (i) in which the
sequencse of the natural intron (i} has been modified to remove an internal
reétric;fion site. For example, an homologous variant of rat insulin intron

A may be used in which an i_ntemawhel site has been destroyed.
15 - Plleferably, intron {¢) comprises:
(i) SEQ ID No. 3;
- {i1) a functional homologous variant of (i}; or
C-- S | (i)  a functional frégment of (i) or {ii).

Intron sequence (¢} may be thainecf_ using siandard cioning
20 techniques. For ekar'np[e, rat insulin intron A sequenceis available at
GenBank JO0748, chicken keratin intron A sequence at GienBank JO084.7
‘a'nd chicken cardiac intron A sequence at GenBank X022‘El 2. Intron
sequence can be isolated from natural sources using pr[mers based on
known sequence. Sequence may be prepared synthetlcally Variant

25 sequencér may be obtained by mutagenesis.

Typically a functional intron sequence, for example a functional

variant {ii} or a functional fragment (iii) is one which has su_bstantially the



to this assay, a functional variant (ii) or functional fragnment (iii) of a
natural intron sequence (i) is one which allows the highest antibody titres
achi eved by the natural sequence. 5 Suitable heterol ogous intron sequence
can be obtained using standard cloning techniques. For exanple, rat insulin
intron. A sequence is available at GenBank J00748, chicken keratin intron A
at GenBank J00847, and chicken cardiac actin intron A at X02212. Intron
sequence can be .isolated from native sources using priners based on the 1o

known sequeagf &atidity 881 bAll? CREBIERRALEBYe akbSQihe P4 PRANRM N et i cal 1 y.
The conponent sequences (a), (b).and (c) may be provided suitably Iinked
t oget her t i boemrabedimmeTi thepacihotyels sybicingg sactvityr d  cl oni ng or nol ecul ar
bi ol ogy techniques. Preferably intron sequence (c) is is provided 3' of exon
sequence (b). The chineric pronoter construct is linked to a cloning site,
in such a way thalroR kel pe@irsiaas maV bectestrd Temenlicing metivityrushng & codi ng .
sequence inserted j.n the site, when th r.oper . enzynes are present. -

Sui t abl e cr%%"h%SB‘“E‘BQ,aSiSH& 39i9‘?d’eﬁ?}IQﬁ'€cft : %&Dﬂ?lﬁguee{ﬁ)«soknom inthe art, =
e. g the pUelOn g cEIVAS: M 7Z

mul ticl oﬁﬁi ng %-tllt e _F%nggﬁ y@sg\h%g@?éﬁl%ﬁgg?ﬁ%?c%’ [ nser#gﬁsﬁ%%’iﬁ%ﬂt ed) in
the cloni ngp%i Be%RERAeSs ta THRYRPEHors aff e rplisRNEFRAbYREBT ke, |t is
preferred that the coding sequence is'suitable for use in nucleic acid

i mruni sat i oatuna! injesre (it kekhbepssahe nucl eic acid insert may thus conprise a
sequence 25 capable of providing imunity, for exanple an imrunogenic ]

sequence that elicits a hynmoral and/or cellular |m:nlme response when
el

delivered to a ﬂQGBP@!ttbe eft@;qll%gqgﬁelln;r,for} PRAYRINS ra‘é’i"‘&nrﬁ?ﬁ-wnﬁri se one
R R DR e vt

mssing fr _ genome ‘or a having 30 (
10 (it} or fragment {iil) intron will cause comparable enhancement to a

natural intron {i).

Functionality of potential intron segjuence (c) can be te.s’.ced using
the Comparative Expression Aséay below. The heterologous intr‘on is
swapped into the base vector. Generally heterolog_o'us intron séquence is
15 - functional if the addition of the sequence increases expression in at least .
one, but préferab!y two reference cell types by 25% or more, compared
to the base vector. Typicaliy the reference cells are mamm'alian
- HEK293T, CHO, Hela, BHK, 3T3 or COS cells, The increase in
expression may be at least 35%, 45%, 55% or more. According to this (
20 assay, a functional variant (i) or functional fragment (i} of a natural intron
sequence (i) is one which allows greater than 50% of the expression

improvement achieved by the natural sequence.

A heterologous intron {c} sequence may, additionally or
alternatively be tested for function_ali’cy using the Cdmparaﬁvé :

25 Immunogenicity Assay below. Intron {c) sequence is added to the base
vector. A functional intron {c) sequence provides antibody titres that are
higher than those: achieved by the base vector with at léast one,
preferably two antigens. Preferably, the antibody titreséare at least b or
10%, for instance 20%, .30% or 40% higher than Withéthe base vector.



desired biological or therapeutic effect (e.g., an antiviral function). For
the treatnment of genetic disorders, functional genes corresponding- to
genes known to be deficient in the particular disorder can be adm nistered
to a subject. Preferably the nucleic acid is DNA. 5 Suitable nucleic acids
for' insertion include those used for thg treatnment of inflammuatory

di seases, autoiriinune, chronic and infécCtious diseases, including such

di sorders as AIDS, cancer, neurological diseases, cardivascular diSease

o s oan aPERlsie &%ﬁxﬁ#ﬁs&?*%%%sﬁgﬁ%é%@cﬂfE&M%an o SRR
- Gaucher’ s DigeffiCasA{E ORI HRRTEAASE (i) (o?%hcﬁsﬁﬂcﬂrﬁé}ﬁ)ént%m)m‘%em etc.

For exanple, in nethods for the treatnment of solid tunors, genes encoding
toxi c pepti easural irtron cBgoende(iifevhecvhighndlovesiche ARyhdstiantibodiyithes | a
toxin and cobra venom factor), tunor suppressor genes such as is p53, genes
codi ng for ﬁRNIQ@dd%éH&%@E!Wﬂi:ﬁeﬁlﬂ@%ti sense to transforning oncogenes,
antineopl astic peptides such as tunor necrosis factor (TNF) and other

t oki t d t pegati tants of transt
e, inser ted 1 or GUIABE PalPraP A JBgioR SR arche BLODBA SR |y, mucl o1 C
acids codi ”QFJr&fatrﬂ%l%ﬁﬂ@éﬂ;ﬂ@ﬁilc{y]}g‘!‘“i:&ro%ygérﬁ@iealfat ARLliY 'n‘iﬂbn ?ﬂpgleaﬁence

anti bacteri IVl ate t st"s 1 nmune em’ can al so be

i ncl u_ded. TheataiRlts &t @arBamyJe0rade cﬁlwceﬂflgdrérﬁn 1N@6|!1 W%’c @érﬁﬂﬁn'kes (or
functional fragnents thereof), such as the interleukins, interferons and

col ony sti mID&8Yg dracchicken TaedinodadircindiindA28 Xa¢2éadcodretran anti gen for
the treatnment or prevention ofgg nunber of conditions including but not

linited to aABRICe AP degsaldted J1qTB; R3HIVERPUNCR? élétngowiwr%bsa@%@@ewesuch as,

R L S e T R R S G A S S N Ay

virus, Rhi HQVhM@%Hy

The component sequences (a), (b} and (c) may be provided
suitably linked together to form a chimeric promoter using standard
cloning .or molecular biclogy techniques. Preferably intron sequénce (c) is
15 | provided 3' of exon sequence (b}. The chimeric promoter c;onst'r_iudt_is
linked to a cloning site, in such a way that the promoter will efféc’t the
_expression of a coding sequence inserted in the site, when ‘the p:roper'
enzymes are present. Suitable cloning éites, including multi-clohihg sites |
) are known in the art, e.g the pUC19, pBC SK, pBluescript I KS,.
C 2 cDNA3.1, pSP72, pGEM 7Z multicloning site.

-Ty;ﬁical[y, a nucleic acid for insertion {or inserted) in the cloning
_ site encodes a therapeutically relevant polypeptide. It is preferred that ‘
the coding sequence is suitable for use in nucleic acid ihmunisation or
gene therapy. The nucleic acid insert may thus comprise a sequence
25 capable of providing immunity, for example an immunogenic sequence
that elicits a humoral and/or ceillular immune response when delivered to
a -subject. 1Alternativeiy, the .nucleic acid may compriseé one or more
genes encoding a therapeutic polypeptide e.g a protein defective or |

missing from a target cell genome or a non-native protein having a



r 31 Rotaviruses, Hepatitis A virus, Norwal k Virus G oup, Enteroviruses,
Astroviruses, Measles virus, Par Influenza-virus, Munps virus, Varicella-
Zoster virus, Cytonegal ovirus, Epstein-Barr virus, Adenoviruses, Rubella
vi,rus, Human T-cell Lynphoma type | virus (HTLV-1), Hepatitis B virus 5
(HBV), Hepatitis Cvirus (HCV), Hepatigips D virus, Pox virus, Marburg and
Ebol a; bacteria including M tuberculosis, Chl arrydl a, N. gonorrhoeae,
Shigella, Salnonella, Vibrio Cholera, Trep' onema pallldua, Pseudononas,

Bor det el | a qaefrbHibRgid lb?echéﬁapeﬁwv@ﬁfé&edelg 2 é}ﬁﬁn%n%unbﬁbhpofapt er pylon,

Lept ospri ai nterrogaus, Legionella pnunophila, Yersinia pestis

St r ept ococahis t(éatmtﬁbfag%@)c difoederec irattimnaMgsheg ecoespsndinderophi | us
influenza (type b), Toxoplanma gondi.c, Conplybacteriosis, Mraxella
catarr hal | genBsriawamosphe deiciant IfhtJ?Eh?@ﬂﬁitéaf dispgter qeax begens i ncl udi ng

Candi di asi s and, erglllosis; pat ens,in Nhr: ng Taerria,
Fl ukes, Ro@ﬁim\‘ﬁfsﬁﬁ'pecw%ﬁl%’gﬁ ap%rpﬁsq tg? '@“&}:ﬂg@gﬁ%ﬁ 75 Schitosoma,
Pneunocystis carinil, Tri choroni asi s and Trichinosis. The nucleic acid ny

al so be yised 10 Qg5 A1 0iaL AR forl TR I SPARNR 0 B4RASHor BHEEY OUS

veterinary di seases, sucC ronavi r us,

Past eur el | ardathidf] AeinfiERiheRRPHigdaseS! BARIMInSne, UbltBhic® and Asfemebaci | | us
pl europneunoni a, Bovine viral diarrhea virus (BVDV) 20 Kl ebsiella

pneunoni ae digeases| incl@tindesunhl dispetdrs ssi AlD Borateee) haurmlaplert ussi s and
Bordetell a brochi septica. Thus in one aspect, the nucleic acid constructs

of the pr e@é‘-‘rﬁﬁ%véﬁtd"éﬁﬁ%@f ﬂ'ﬁﬁ@ﬁ%s]é‘y’ﬁeﬁdameﬁm‘ﬁné’a“PHSé%‘h%d enbodi nent s,
t he nucleic;acid con tru code s t he sequences

e erton i RigSHReS BENdHE oo S  Alhiaderlf ST Bhimol Al slelBatod
encode - g, pgi'eXQ@t%téL% ég%ﬂgsﬁérhb%éasa%aﬁﬁhelaglD{¥@£§e édén%sﬁ{eeélé‘érhﬁ%s'emta”ce

t he encoded adj uvant may
{ADA} deftc:ency, emphysema etc.

For example, in methods for the. treatment of solid tumbrs,'éenes
encodmg toxic peptides (: e., chemotherapeutic agents such as ricin,
| diptheria toxin and cobra venom factor), fumor suppressor genes such as
15 p53, genes coding for mRNA sequences which are antisense to _
transforrﬁing oncogenes, antineoplastic peptides such as {Umor necrosis
factor {TNF) and other cytokines, or transdominant negative mutants of
transfornﬁing oncogenes, can be inéert'ed for expression at or near the_

tumor site.

20 - Slmllarly, nucleic acids coding for polypeptides known to dlspiay
antiviral and/or ant[bactenal actl\nty, or stimulate the host’s lmmune
: system, can also be mcluded The nucleic acid may encode one of the
- various cytokines {or functional fragments thereof), such as the
interleukins, interferons and colony stimulating factors. The nu;:le;ic acid
25 may encode an antigen for the treatment or prevention of a numb;ar of
conditions including but not limited to cancer, aliergies, toxicity aﬁd
infection by a pathogen such as, but not limited to, fung'us, viruses
including Human Papilloma Viruses {HPV), Hl\‘/,‘ HSVZ/H:SVL influenza

virus (types A, B and C}, Polio virus, RSV virus, Rhinoviruses,



ri bosyiating bacterial toxin. These include diphtheria toxin (DT), pertussis
toxin (PT), cholera toxin (CT), the F. cols heat labile toxins (LT1 and
LT2), Sc Pseudononas endotoxin A, Pseudonbnas exotoxin S, B cereus 32
expenzyne, B. sphaericus toxin, C botulinumC2 and C3 toxins; C |inosum
exoenzyme, as well as toxins fromC. perfringens, Cspiriforma and C
difficile and Staphyl ococcus aureus EDIN. Most -ADP-ri bosyl ati.-ng bacteri al
toxins contain A and B subunits. The construct nmay express 5 the A Subunit,

L1 B SubumRLeE, DRbAUDUTLS, NI BUPVFLEET 8! S ANGRdde, il i

acid construc y col I heat r‘chol era toxin

and in partAswbairusey, IF%REIes ViruE, Peplnfliigat Ak, NMukps Virud \GaRRark entry
for the conpl ete sequences of the CT subunit A and genes can be found at

Locus VI BCEosBBr virus ACyesimiegaloMirts DEPEIES)-Bamhviles , al GemBanksespBupeflar t he
conpl ete sequences of_the LT subunit A and B, genes can be found at | ocus
A60116677 (VAiSedHIHANNT celhbyMydema tip | vBHSt{Fd v -Haylcerpris & VEHS act i ve

[ f . ' Wy . i f i1
be. sai d 1o e erRefls £iRBH eV Mt Bus S Bl MoeTyrat AR ™
act Vi ty Ofpdde. paLtePRRhCARiNG M SuBTLNRSS, (CMEl, BV ddWerMiegNt and/ or

fragment will still be able to ‘enhance an inmune response agal nst a
particul ar SinyelenShimarasthaistm CHolersh Trépbnemea peyias ©seegomuies, no

adjuvant is admnistered with the antigen. The ‘encoded sequence may be
active fradiasdesellerpeidussipe BrusiellaoFenciscelaltyforensiabtialicgbacter pilashr ti cul ar
AR REH M S S T e L (R
N e e T Y U R
t 1 ansf er as¢/apbphility influenza (type b), Toxoplama gondic, Complybacteriosis,
Moraxella catarrhalis, Donovanosis, and Actinomycosis; fungal pathogens
, inqluding_Candidiasis ah_d_ Asp;ergillosis; parasitic pathdgens including
. Taenia, Flukes, Roundworms, -Ameb_iasi's, Giardiasis, Cryptosporidium,
15 Schitosoma, Pneumocystis carinii, Trichomoniasis and Trichinosis. The
nucleic acid my also be used to brovide a s‘ui’cable. imn_'mne respﬁmse
against numerous veterinary diseas_es, such as Foot and Mouth dilseeises',-
Coronavirus, Pasteurella mzf!i‘ocida, Helicobacter, Strongylus vulgaris,
Actinobacillus pleuropneumonia, Bovine viral diarrhea virus,('BVDV),
20 klebsiella pnez_}moniae, £, Colj, Bordetella pertussis, Bordetella
(., ' parapertussis and Bordetella brochisepfica. Thus in one aspect, the
| nucl,é_ic acid constructs of the.-present invention may find use in a —

© vacgine.

In some embodiments, the nucleic acid construct will encode an
25 adjuvan.t. Thus, the sequences inserted into .thé clening site for insertion '
of a coding sequence may encode a polypeptide that can act as an
édjuvan’c. In a preferred instance, the encoded adjuvant may be an ADP-
‘ribosylating bacterial toxin. These include diphtheria toxin (DT}, pertussis
toxin {PT), cholera toxin {CT), the E.coff heat labile toxins {LT1 and L'f2),.

30 Pseudomonas endotoxin A, Pseudomonas exctoxin S, B cereus



Thus, the adjuvant constructs of the invention may be used to enhance an

| mmune response against a particular antigen. The enhanced i mmune response
may involve an i mmune response of greater nmagnitude or duration. In may
mean that when the antigen is re-encountered the 33 inmune response then is
greater than if no adjuvant. was adm nistered. ‘The enhance immune response
may result in higher antibody titres. 37 the case of some constructs, and
in particular those expressing exotoxin: subunlts the adjuvant may. result in
an augnmented cellular response and a s T helper- 1 -like immune response .

agai nst t hexeurzyass) B.nsphrsiduenoxinieC hotlknemat? dnioC3 @x@id,ion into the
cloning site may conprise a pol ?/adenyl ation (polyA) sequence. Such a pol yA
sequence |MQ§W@X¢@12M|&%WQ5 ahtoXos frgn Je Revfideg e, t Grspdtfiovetay, a

o the + v Cordl PR Sreayc e A e Mot A DB gruaaeg
downst 1 arh ol t Bl S0 HAalAL A Snc¥SIRARL. Hind SoBRRIAl bs) ¥dddetked (o

codi ng sequence I NSe onrng site, A- sequence .

may be ignCidRdsdburif)&he WBELUHR larkiPdMBo & SMslaTies. 2l oni ng -techni ques. Such
pol yA sequences are known in the art. 1s The poly A sequence may be: (i) a

natural poly A sequence; (ii) a functional honol ogous,variant of (l1); or C

(ii-i) functionaln & pagieerdd ostdnde,dhe(nuc)eic Hoed pahstrakt pody eAcsdgtleace (i)

may be, for exanple a rabbit R 20 g@obl n gene poly A, Human Papilloma Virus

(HPV) ear | §-cff hagtdalitmeoxdnland/ar chgora g ans lpow@/rtmuler VG| REPrERY

|m"red|ate arI H Preferably the

nat ur al @%33%'%'@%{%‘5' %&G§E§%$§5¥W r%rﬁgtﬁﬁédprBP%ﬁ% SEGHENE®S Ay of SEQ I D

No. 10 (Geﬂ%aﬁ‘f SR AON artFR é@lé\éocar%e found at Locus VIBCTXABB
10 {Accession No. D30053), while a GenBank entry for the complete

sequences of the LT subunit A and B genes can be found at locus

ABQ'! 16677 (Accession No. ABO11677).

The construct may express an active variants or fragment of a
particui%r adjuvant. The variant or fragmeﬁt will be said 1o be active If it
" 15 retains at least some of the adjuvant activity of the polypeptide it is
derived from. Thus, the variant and/or fragment will still be able to
enhance én_ immune response against a parﬁculer antigen in comparison
o the immune response seen when no adjuvant is administered with the
antigen. The encoded sequence rhay be active fragments or variants of
20 CT A and/or B subunits and in particular may be active fragments of LT

A and/or B subunits.

The toxin subunit may have had its naturally eccurring signal
sequence deleted, A naturally oceurring exotoxin subunit may have been
modified to detoxify the toxin. The A subunit may have been modified to

25 disrupt or inactivate ADP-ribosyl transferase activity.

Thus, the adjuvant constructs of the invention may be used to
enhance an immune response against a particular antigen. The enhanced
immune response may involve an immune response of greater magnitude

or duration, In may mean that when the antigen is re-encountered the



25 (GenBank ML6019), SEQ ID No. 12 (GenBank Z80699) and SEQ ID No. 13
{GenBank K02718}. 34 in general, a functional polyA sequence is one which
retains pol yadenylation activity. A poly A sequence nay be tested for the
ab; lity to bring about polyadenylation of an RNA transcript using a routine
expression assay. A 5 functional honolggous. variant (ii)-or functional
fragnment (iii) typically shows at |east 50% .for exanple 60% .70% 80% or
more of the poly A activity of the natural poly A sequence in the assay.

General |y themRRkYebn SRS LN idater i PrRselilvhi: W8 sRRRlisdetq. of the

i nvention, enhance expression, Typically causing conparable | 0o enhancenent

to the nat uThé epbbycd isequenosponsemeay irendtirahigher sftibody #tre€duethee may

al so be assayed for functionality using the Conparative Expression Assay

bel ow. A te®dsepef gomer egistrigts, sidppd@tiewabihose payessiagtefotpripl ace of the
functional if th A does t

RB&A. A Ais. i d d |

ab%gate Eag%h@'g'g*%weolﬁ%ugggfIB?E’;{)F%FUinsmi%FH%@?Q“E@(BPE%IE?B#HWS%anlcggst one
but pref er abl : . . Cor )

ut pre g;af REIRSHL LIS IRNEnG FednorsPasinSOMRALSSL dPir Qg??@tf}f. vector

Preferab her'e”is an increase i'n expression 0 10% 20%
30% 40% or 50% or nore. Preferred; cell types are manmalian HEK293T, CHO

HeLa, BHK, 3T3 0OThe Hdeidi¢bi fe‘?ﬁﬁ@éﬁidﬂginft@th;@%l&ﬁﬁg)éite&ﬂab%ﬂ?h?ﬂ@é’% vari ant
(ii). or 20 fragnent (iii) is functional -if it .allows greater than 50% of

t he expr esspalgademyativeripaly Adcitigerede bySudiea malyh sleqpehge A generatige (i) .
Al ternatively, or additionally, poly A sr(ta?g_uences. may be tested for activity
in the Conpdtig {eitherraAbgessuanpeasAlpmativew. Phrieralogssisualvd i s swapped

provi des antddbagedney be bR I e Pugliiue ot B R kefidRan  hose -
(‘E hi eveqo byTyhigalpace ¥8RIPseHléMelvill 88 rovided downstream of the cloning
| sité', such that it is operétively linked to a codiné sequence inserted in the
cloning site. Any suitable polyA sequence may be included in the
.construct Qging'stahdard cloning techniques. Such poly;A' sequences are

known -il‘_l the art.
15 The poly A sequence may be:
()  a natural poly A sequence;
(ii)T a functional homologous 'v‘arianf( of (i}; or
C, . | iy & funt_:tiona! fr‘:;lgmeht of {i) o.r'(ii). :

_ The natural poly A sequence (i).may_ be, for example a rabbit [
20 globin gene poly A, Human Papilloma Virus (HPV] early or late gene poly
A, H8V-2gB gene poly A, a simian CMVY immediate early geng poly A or
HSV gD late gene poly A. - ‘ - |

Preferably the natural poly A sequence (i} is selectled from the
_ g‘roup consisting of SEQ 1D No. 10 {GenBank K03256), SEQ ID No. 11
26 (GenBank M16019), SEQ ID'No. 12 (GenBank Z80699) and SEQ ID No.
13 {GenBank K02718]). '



one, preferably two antigens. Preferably the antibody titres are at |east

5% 10% for instance 20% 30% or 40% hi gher than those achieved wth the
base vector, Preferred antigens are HBsAg, HSV2gD and Flu 35 M antigens.
An honol ogous variant (ii) or fragment (iii) is functional if it allows the
hi ghest anti body titres achieved by ttgnatural poly A sequence (ii. The
nucl ei ¢ acid construct may conprise-additional control 5 sequences which

i nfl uence expression of a coding sequence inserted in the cloning site. The
construct may igclidesp d‘ﬂﬂwétfcﬁi&?g%lﬁ@ sb§aeese 1§t§ﬂﬁ%\ﬂ‘ﬁ€h réfnsequence is
provi ded in the construct 1 n operable |'inkage the chinmeric pronoter,
and t her efyi@addrpgathbi laclivitgdi ng sequence inserted at the cloning site. The
| eader provides a translational start site to for expression of an inserted
codi ng sequence and typically includes a Kozak sequence. Typically the
untransl ated | ehdmly fegaguerce oyt bedested fpr dhaabilityl toubringabbat ed | eader

7 EEEF onalpdvadaroetien of g BNA FRPSCHH yehgraloute %apmsawns@aﬁfé/‘n'c'é\) %)1 s
nt oct < o TuiRAP ¢ Booihus iyt LR IRTeub PSR! By ooty or Vs
sequence, e %RIP SERY B BRETNE 16U, FERYTR o B8 o@&pbqfde s@quence

or HSV type 2gD 20 antligen, sequenc Particularly pre erab

sel ect ed faamityher ghionpturabpslys Al srgueinc8EQthD Neay5, SEQ | D No. and SEQ I D
No. 7. Typically the | eader sequence conprlses sequences present in (i)

whi ch bind transcription conponents or ﬁulatory proteins, or honol ogues
of these sequerféerenshly dhedrdy dbiseqrenes M‘d .twéleswf@swst tfbt‘hﬁ)ﬁ@mtﬁu'ﬁr

pr ot ei ns. 1__[3/1]?{ cal |y .such sequences or their horri gg
of’ the invention, enhance expression, typlca]y causm comparable e

10 enhancement to the natural poly A sequence {i) mentioned above.

A poly A sequence may also be assayed for functionality using the

- Comparative Expression Assay below. A test poly A region is swapped
into the base vector in place of the RBGpA. A test poly A is considered
functional if the poly A does not abrogate éxﬁre_ssion but preferably

15 increases expression in at least one but preferably two reference celt

types, cofnpared to the base Vedtor -Preferab!y there is an inc;reasé n
expressmn of at least 5%, 10%, 20%, 30%, 40% or 50% or more
'Preferred cell types are mammalian HEK293T, CHO, HeLa BHK 373 or

COS ce!ls According to the assay, an homologous variant (n) or (0

20 fragment {iii) is functional if it allows greater than 50% of the express:on '

- Improvement achleved by the natura[ poly A sequence (i).

Alternatively, or additionally, poly A sequences may be teste_d for

activity in the Comparative Immunogenicity Assay below. Poly A
seguence is swapped into the base vector in place of RBGpA. A

25 functional poly A sequence provides antibody titres that are at least as
high as or higher than those achieved by the base vector with at least
one, preferably two antigens. .Preferab!y the antibody titres are at least
5%, 10%, fof instance 20%, 30% or 40% higher than those achieved
with the base vector. _F!referred antigens are HBsAg, HSVZgD and Flu-



are present in the | eader sequence in the same order and/or substantially
the sane relative spacing. as in (1). In general the | eader sequence 36
conprises a translational start site for expression of an inserted coding
sequence. Typically the | eader sequence includes a Kozak sequence. In
general the untfranslated | eader sequenqgihas,a | ength of from about 10 to
about 200 nucl eotides, for exanple fromabout 15 to 150 s nucl eoti des,
preferably 15 :to about 130 nucl eoti des. Leader sequences conprising, for

e ronc ar 7 RS, ALCRRBUTAS L YGREIN BP R SRS bt et o0
transl ati ongla)sial thehi %eEPran%ea?%ﬁié%naail‘ie@ecpagit@a nAHH AP An operabl e

| i nkage with the | eadel” sequence. Typically a 1 unction ariant ((ii) or
fragment (iddguches (Jubstantially the same activity as and/or conplenents
the activity of the natural sequence (i), usually in facilitating or
enhanci ng expression of a codi ng sequence in-operable |inkage with the
sequence. A vari Hm nutieic ecid cagsienst Mayiconmpssaddisonaliceoiratti vity as an
is untranslated | eac‘i'% ?,e‘aﬁence relative tp natural |eader, sequence using
st andar d® prifabEBres VEYFhJREHENES eXRifssIAl Bha woding §e%§“%‘rﬁﬁgﬁ§9r‘8d

compr i si NG feNALHR| il €348 SSAURIESNEL IndBIE 3% LiIEHh Gebdsy nat | ve

codi ng seguernce, expression noni rn”sui table ¢ e.g.

mar nr nal | an,defeknd83 TihEbRyubiteatis HdSidediTIn Pho GRRsERLE T oBRRbIZAnkaRS! r uct S

may be prepared in which the natural |eader sequence is replaced by an
honol ogous withithetclomeficagmentteananae tiperesaiecriso svith snoodinhgreediuageén in t he
same host cells. In general, a variant (ii) or. fragment (iii) provides at

| east 50% igsRMed st d0eqCloning site, T solapder prytdeoR thrsdatignaldad,giicessi on
ovi ded_by; the nat ural . 25. A potentjal d |so b
oY oo or ot el br R ERARH AR BRIt KO9SR DERIAISSar 20 oo

sequence i Kqzak sequence.

Typically the untranslated ieader sequence comprises:

{i} a natural untranslated leader sequence;
(il  a functional homologous variant of {i}; or
15 . (i) a functional fragment of {i} or {ii).

.In general the natural sequenc'ell (i} is a eukaryotic sequence or a’
viral sequence, in particular, of a virus which infects a eukaryote.
C _ Preferah]y the natural sequence (i) is. HBY or HSV sequencé, for example
HBV preS2 antigen sequence, HBV e-antigen sec.iuence, or HSV type ZgD
20 antigen sequence. Particuiarly prefe'rably, (i} is selected fmm the group |

consisting of SEQ ID No. §, SEQ ID No. 6 and SEQ ID No. 7.

Typidal!y_tht_a leader sequence comprises sequences present in (i)
which _i:aind transcription components or regulatory proteins, or
homologues of these sequences which are able to bind the same

25 components of proteins. Typically such seguences or their homologues
are present in the leader sequence in the same order and/or substantially

the same relative spacing.as in {i}. In general the leader sequence



swapped into the base vector in place of the HBV preS2 5 UTR A functional

| eader sequence does not abrogate expression but preferably increases
expression in at |east one but preferably two reference cell 37 types,
conpared to the base vector. In general expression is increased by at |east
5% 10% 20% 30% 40%or 50% Preferrmgd-eel! types are nmamualian HEK293T,
CHO HQLa, BHK, 3T3 or COS cells. According to the assay, an honol ogous
variant (ii) or fragnment (iii) is functional if it 5 allows greater than 50%

of the ex s | [ : ra e uence.

Al ternati \%ﬁ?,ﬁl%} %%@?%%I S?&?t ea er%gtégﬁsé%ﬁg’tf%gyéngéﬁt%gs oelﬁﬁgor

activity iseqtiBRc60MPAIadliWend IBadapgegishdy irdasit P&k Rduea@er sequence

i s swapped into the base vector in place of HBV preS2 5' . 10 .A functional

| eader sequence provides antibody titres that are at |east as high as of

hi gher than t hdsgenchaletheduityansietdshicadeeseguenos hirs atlengdsbf fooma preferably
two anti gens. Preferabl%/ t he anti body {i tres are at least 5% 10% 20% 30%
or 40% hi gerttaie wbert 280 paaleolidet ofor-oxameplerfrem abrutgbRdoat@OHBsAg, HSV -

Fanct ohain ideq s, HEREroRl 1R AR slalpoBibs L dach AEhOBIERh e nat br o
func iy | | €d15) 3
<t anaar d neTacara! B RS T BN S R AR B R ot gen

sequence and ( ‘HSV type 2gD anti gen sequence is available at Gen Bank

M64923, 20 Mb4QRaneraily 2860R%I0hak natanskeltyd [dderseguene ReofdesiBiredisbased on
this known sequence and used to isol ate honol ogous sequences. Leader ‘

sequences ahdgy thereyidiee tianehtivast dtarh skedwn exprpssinvest aTrdingel ei ¢ aci'd
construct may conprise abr] ﬁ,nhancer; eguﬁncg. ‘An enhancer, s?quence S
typi cal | y S§E8eNged Prepble dipkepgwith Wedeadsrsessiepper abyRiceiRage wit h bat h,

the chiﬂgre rfhﬁcBERE'P\‘}aeﬁar%Wﬂ) ap frla%?'ﬁéljitefﬁi)cﬁég Ql?ostan'tially the same activity

as and/or complements the activity of the natural sequence (i), usually in
facilitating or enhancing expression of a coding séquence in operable

Iinkage with the sequence.

A variant (i} or fragment (iii) may be tested for activity as an
16 untranslated leader seduence relative to natural leader sequence 'using' ,
standard protocols. For example, expression vectors may be prepared
conjprising a natu(al leader sequence (i} operably linked to its native
- coding sequence, and expression monitored in suitable hqst cells e.g.
, mammalian HEK 293T, CHO, HeLa, BHK, 3T3 or COS cells. Test (7
20 constructs may be inrepared in which the natural leader sequence is | N
' replab_ed by an ho_mo[ogous variant or fragment and exbreséion is .
moriitored again in the same host cells. In general, a variant {ii) or
fragment {ili) provides at least 50%, such as 60%, 70%, 80%, 90% or

100% or more of the expreésion provided by the natur_al seguence.

25 A potential leader sequence caﬁ él_so be tested for utility in the
Compérative Expression Assay below. A test leader sequence is
swapped into the base vector in place of the HBV preS2 5'UTR: A
functional leader sequence does not abrogate expression but preferably

increases expression in at least one but preferably iwo reference cell -



sequence, and acts to increase transcription of the inserted sequence. In
general the enhancer conprises: (1) a natural enhancer; 38 (ii) a
functional honol ogous variant of (i); or (iii) a functional fragnent of (i)
or (ii). The enhancer sequence generally conprises fromabout 50 to about
850 nucl eotides, for exanple from about 75 to about 500 5 nucl eoti des.
Enhancers -of about 100, 200, 300 or 40@-nucleotides may be-used. Typically
(i) is a eukaryotic or viral enhancer, in particular, of a wvirus which

i nfects eukaryotes. Usually such enhancers occur in the 3" wuntranslated
region (3 1) 14 p—@b ; o]
enhancer, %@Ségaonﬁpg%t%ﬁéghﬁg@geﬁwﬁ Igrgeaﬁég?m an@%ﬁ@n%%ﬁegts Pé& early

gene 3' UTBy d&rlehet Sishy 1019, 2ovpr BOes, SED bD5N%. FreferfitDiNess as | n
general, the enhancér in the construct conprises sequences found in (i)

whi ch bi nd maramatienptl EK2 985 ndn@ntisler Brigud B2 or fo @ s nsAccardirfgoto exanpl e
transcription factors, or honol ogues_ of thfese seq‘lge{\pe@.Mj ch bind the sane
conponent s 3% 2533Y ePRIOMRPIPRES Y ?af’ﬁg@epr SRUMEAEAE) Ly Binsitiedsht’ it n t he

enhancer, i pd/ At | : ' spaci ng
e (D). BUbYE AREROUER 0% of ihe SRR Phobyle e dhldBecr " 20

I ncreases. gxAIRPRdiErAeagiepetynucl eotide, for exanple, a coding sequence,
which is operably i nkeéI to the enhancer sequence. Typically a functional

honol ogous variant (ii) or fragnent (iii) has substantiallythe sane _
activity (for exdtgrhetivelyhaneediiunally, edpadsisianlenas rany/ler testedpibenent s t he
activity of the natural enhancer (i). 25 Enhancer activi tAy may be assayed
usi ng' an eRRHWEEN(theCampasative Immunogenicity Assay below. A leader :

sequence is swapped into the base vector in place of HBV pfresz 5j'UTF{.

( 10 A functio:nal leader sequence provides antibody titres that alj'e at lgahst as
| high as or higher than those achieved by the base vector, w@ith atélieast
_one prefe}rabiy two antigens. Preferably the-aﬁtibody‘titres éare_ at. least
5%, 10_%, 20%, 30% or 40% higher than wi‘f_h the base vector.: ‘
Preferred éntigens are HBsAg, HsV 2gD an'leIu-MZ antigens. An
15 homologous variant {ii) of fragment {iii) is fuh.ctional if it allows the

highest antibody titres allowed by the natural leader sequenbe {i}.

Suitable 'Iéader seqﬁence can be obtained using standard protocols.
For example, HBV preS2 antigen sequence, HBV e-antigén sequence and
) HSV type 2QD antigen sequence is available at GenBank M54923,
(;_ 20 MbB4923 and Z86099 respectively. P.rimefs can be designed basé_d on
this_knoWn sequence and used to isoléte homologous séqué_hces.- l_.gader

sequences may be synthasised based on known sequences.

" The nucleic acid construct may comprise an enhancer sequence.
An enhancer sequence is typically provided 3' of the cloning site, in
25 operable linkage with both the chimeric promoter and an inserted coding

sequence, and acts to increase transcription of the inserted sequence.
In general the enhancer comprises:

(i} a natural enhancer;



Protocols are known in the art. A functional honol ogous variant (ii) or
fragnment (iii) preferably provides at |east 50% of the enhancer activity 39
shown by the natural enhancer in such as assay. Typically the activity is
at least 60% 70% 80% 90, 100% or nore of the activity of the natural
enhancer. .in general, a functional varggnt (ii) or fragment (iii) is able
to conplenent the activity of the natural enhancer (i) in the assay. 5
Enhancer utility may also be tested using the Conparative Expression Assay

set out below. A testiB' UERfgealtenttohISy@RIeariant 6f (if;her base vector. "A
3"UTR has utility if it does not abrogate expression ut preferably

i ncreases expression in at | east one but preferably two reference cell
types conpared to thdibasen iwutional fragmentasfslyor fi): 30 Preferably
expression is i-ncreased by at |least 5% 10% 20% 30% 40% or 50%
Preferred cell types are manmmali an HEK2 3T CHQ, Hela, BHK, 3T3 or COS
cells. Accordi nasiﬁ)emﬁ%ceés%e&}"enﬁﬁ IORE Hg‘c‘ﬂjﬁpr'§%$ iR a({qqu; B} ta agnent

(iii) is fu al | r t ressi on.

i nmpr ovement® g%&'h%g’@eBhgg?oi'ﬁgshg%/}s?%nﬁ)@%ﬁg%%‘e% St%%%geaboi.g ﬁ?&?) Addi tionally
or al teré“awuﬁfédt:de%nhﬁﬂﬁﬁﬁcéé%edﬂ&ﬁ {22/ i@otﬁ%be& 506 mﬁﬁééﬁdéé’nieﬂ the
Conpar ative | munogenicity Assay bel ow. swapped 1 nto the base
vector. A fognedddanal enhancer sequence provi.des antibody titres that are at
| east as high as or higher than those achi eved 20 by the base vector with at
| east one,. preferably two antigens. Preferably the antibody titres are at
| east 5% 10% Q%IC«’ﬂ%D Aibts a@%ﬁrs@ﬁ@rortwmi enlvamet,h@ prdieulascobB. Preferred

t HBs, Ag,. HSV2gD and An h | t
o 1 PagmentTUE NI SRTe ARy otee: VEUalfl g PRaeRFYRGRC N BEch (itre

al I oned by Jn*ﬂFan%?&tBBarbgde“gé‘E@*R) % §ERCHErdrhRly FUis' AP HBPBPENERTY Sequence

can be obtal ned using
10 enhancer, for example an HBs Ag 3' UTR or a simian CMV immediate

early gene 3' UTR. Preferably (i} comprises SEQ 1D No. 8 or SEQ ID No.
Q.

In général, the enhancer in the construct comprises sequences
found in (i} which bind transcription components or regulatory proteins,
15 for example transcription factors, or homologues of these sequenceé
which bind the same components or proteins. Preferably th'ese
sequences are present in the enhancer in the same order and/or

~ substantially the same relative spacing as in {i).

Generally a functional enhancer is one which enhances or
20 increases éxpressioh of a polynuc[eotide, for example, a coding:
sequence, which is operably linked to the enhancer sequence. Typtca!ly
a functional homologous vanant {i or fragment (iii) has substantially the
same activity (for example, enhancement of expression) as and/or

complements the activity of the natural enhancer (i},

25 Enhancer_ activity may be assayed using ‘an enhancer trap assay.
Protocols are known in the art. A functional homelogous variant {ii) or

fragment (iii} preferably provides at least 50% of the enhancer activity



cl oni ng net hods. For exanple, HBsAg 3' UTRsequence,.or siman CW inmediate
early gene 3' UTR sequence can be accessed at GenBank 40 AF143308 and ML
6019. Priners can be designed based on this known sequence and used to

i sol at e honol ogous sequences. In a preferred enbodi ment, the nucleic acid
cOnstruct conprises a heterol ogous poégA\sequence,“a:heterologous | eader
sequence and a 5 heterol ogous enhancer; all in operable |inkage with the
chimeric promoter, for efficient expression of an inserted coding.sequence.

In a furth h ' i.0 POV nuclei c. acid
conat ruct SRR He hARrBL SRR let ARG, R0, CTRPIA Merdiofy e,

‘pronot er sHOMABEENM, (0%, BOYONSD! F0BBIRMIMbAAIEEHS QBHORG B AL ved -f rom HBV
preS2 antigen sequence, HBV e-‘ant i gen sequence or HSV type 2 gD antigen
sequence; wmadrl enbareesodn geneeajyanftmctipaekbdyarit (iiked ftaanGent Giids(ii) .
wherein the codi ng sequence is heterogl ogous to the non-translated 15 |eader
sequence. aAYpiteAIyPlaey bvordiviteglidhe Batyrp! esharesn@dinfienassavi ral or

eukaryotic pronoter sequence. The pronoter sequence may be a natural

pronot er sequen a fu i onal _honpl e of .the _natural sequence or: a

f unct i ofal fragﬁ%e]?ﬁm “gﬁh@?y §Tﬁ°tn§%&gé%ﬁgﬁﬁ1%$ %B?%B?? fY¥cl ude, ; for: 20
exanpl e, t@gqglg i ' r Feg: les M

pronoter or o%&arco @%/f?ﬁgﬁ%lé% %g?%sﬁo%gr?ﬁo%égﬁgb' ys\(é'én@:?encgﬁ?&al

promot er CeEPhASESe R | NPrRIasONHIRG NG né@ab%;goﬁétéﬁﬂréé n Pronot er

construct, such as the chinmeric pronoter described ove, may be used,
provi ded tiat ptdigraplypimiressdsedpreetiopnal at 14dst oné bistgrefsbbly QUet er sequence

is generally one which is able to
reference cell types compared to the base vectors in the assay.
(__ | 10 Preferably expression is increased by at least 5%, 10%, 20%, 30%,
| 40% or 50%. Preferred céll types are mammalian HEK293T, CHO,
HéLa, BHK, 3T3 or COS cells. According to this assay, an homologous
variant (i) or fragment {iii} is fu.nctional if it.allows greater than 50% of
the expreésion improvement achieved by the natural enhancer sequenée

15 - {i}).

Additionally or qiternaﬁvely, enhancer sequences may be tested for
activity in the Comparative Immdnogenicity Assay below. A 3UTRis
 swapped into the basé vector. A funciional enhancer sequence provides
antibod\) titres that are at least as high as or Ihigﬁer than those achieved
22) by the base vector with a{ least' one,. pre'férabiy two antigens. -Preferably
. the ént‘ibody titres are at least 5%, 10%, 20%, 30% or 40% higher :fchan
‘with the base vector. Preferred antigens are HBs Ag, HSVZQDE and Flu-
M2 antigené. An homologous variant (ii} or fragment {iif) ié functional if
it allows the highest antibody titre allowed by the natural enhancer

25 sequence {i}.

Suitable enhancer sequence can be obtained using standard
cloning methods. For example, HBsAg 3"UTR-seque_nce,_or simian CM\_/

immediate early gene 3'UTR sequence can be accessed at GenBank



cause (including initiate and regul ate) transcription of an operably |inked
codi ng sequence in a suitable host cell. A pronoter sequence nmay be tested
for pronoter activity using a s routine expression assay. A functional
honol ogue or fragment of a natural pronoter sequence typically provides at
| east 50% for exanple, or |least 60, Z®, 80 or 90% of the expression

provi ded by the natural sequence in such-an assay. The non-transl ated

| eader sequence (ii) is as described above. Cio Suitable coding sequences

(i) inclNfesBResragh Naaey19eserikes chA Heeélééiitzjﬁéﬁ blaSed R HM BBbln Promot er

construct. However, I n the present aspect .of e invention; the coding

sequence i sedisraeohiudjausdtto itbletaboridegslsateguedamder sequence. The present
construct typically includes a poly A sequence, which as already descri-bed,
may be native to the coding 15 sequence, or provided as a heterol ogous poly -
A sequence in tlea peeteitediembodimerbl iepmisieln anig sonstachaempiisesarly been

d i bed., Th t - ddi ti | Ly i ha 3
of e cohIgrolo8RHa ALY ASHLEARE: BrRANE ol FEREE SoaTeraes fhed above. | n

rel at i og tged BB ENhARE OAPIEbOSABR! fiMElge Bl theBfhgt, aspect, the

i nvention providés a nuclerc acid construct - conprising, or in sone

enbodi ment grorRGEr s FOMEFFRASRNG FHek¥ioBfof 4 InsRrifdododing seeadapse; (ii) a
codi ng sequence operably linked to the pronoter sequence (i) and; 25 -
(il'l) an enhancer sequence 3' -of and operably linked to the coding sequence
(ii); 42 wherelmatihethenlaapeet, thequreset inivienjion silsteprovddes romadeid’ UTR of an
HBsAg sequence or a 3'UTR qf  a siman CW i mediate early gene sequence,
and the codffAFABEHERGCTPIIFINGs OR SPEIBINBED GeNFistingessARHAREPT:

{iy . a promoter sequence

10 (il  a non-translated leader sequence derived from HBV
 preS2 antigen sequence, HBV e-antigen sequence or HSV type 2

| gD antigen sequence; and
(il  a coding sequence operably linked to {i) and (ii)

wherein the coding sequence is heéterologous to the non—t,ra_:mlsl'ated

15 leader sequence.

_ Typically the promoter sequence (i) is derived frlonjl a viral or |
eukaryotic promoter sequence. The promoter sequehce may be é natural |\ -)
PrDmQtef fsequence, a functional homol.ogue of the natural sequéﬁce or a '
functional fragment of ejithg_rl Suitable natural promoters includ'e,;'_fior.% :

20 .exémp!e, the hCMV immediate early promoter, Pseudorabieé V[rus(PRV)

promoter or Rous sarcoma virus (RSV) promoter. Preferably the rzlei’ctiral
promoter comprises SEQ ID NO: 52 or SEQ ID NO: 53. |

An artificial promoter construct, such as the chimeric ‘promoter

described above, may be used, provided that the promoter is functional.



sequence. 5 The construct may include a non-translated | eader sequence such
as the ones already described in relation to the chineric pronoter
construct. Typically the pronoter sequence (i) is derived froma viral or
eukaryotic pronoter sequence. The pronoter sequence may be a natural o0
pronot er sequence, a functional honol ogife of the rnatural sequence or a
functional fragnent of either. Suitabl-e natural pronoters include, for
exanpl e, the hCW inmedi ate early pronoter, Pseudorabies virus (PRV)

pronot er or RoUSASahefBRaMbioASoteRS¥ USRS gnerBilg opeakhlcH Ramgkyr al
pronoter conprises SEQ ID NGO 52 or SEQID NO 53. 15 An. artificial

pr onot er cmlsedﬂqluémmghn&atei’&ndcmgmttr}amtmp‘emn ofl escopdretiyaliresl nay be
used, provided that the pronoter I?. funcﬁl onal. A functional pronoter
sequence i $O5EM@BEANINEMEN AriWtRbig NGBt €80’ cause (including initiate and
regul ate) transcription of,an operably linked. coding sequence in a

sui tabl e host cejl ter
Sultabl o host ook g, SOUBHEL rRRHEREeRY, o BT TN AT
fragments %uﬁnef@&dﬁéﬁéxoﬁra%gﬁyerAfﬁﬁl%tﬂfﬁ%ﬁ HorRbieglis Yor Brthest 8f al east 50%
for exarrpl e, or |least 60, 70, 80 or 90% or the expression provided by the
nat ur al ' smqumiquonmtsusdaqmnmas’s,qycai%pr&wd@ba‘eleagﬂ50@6 sEgusmreste( 1)

i nclude those already nentioned in relation to'the chineric, pronDter
construct . RderRsePO. /R, GbopLEJemf thasqa@é@sswrh@r@dded@xfsﬂmwau s

het er.ol ogous to the 3 eghancer sequence. The enhancer sequence (iii) of the
construct PSIYEREF'BEYCABYBS e 7 43 present construct also typically
includes a poly A sequence. As in the case of the chineric pronoter -

construct, this ﬂ%)ﬁoﬁﬁ@rﬁ&i%d%&id@ﬁseﬂ%ﬂc\ﬁn & hdaesobeapsauience (ii) or
r(ay be provided as a heterol ogous

10 Surtable coding sequences (i) include those already described in relation
to_the c:h[me_nc promoter construct. However, in the present aspect of
the invention; the coding sequence is heterologous to the non-translated -
_leéder éequ'ence. The present construct typically includes a poly A
seé:mence; Which as already described, may be native to the coding |

15 sééuence, or proi/ided as a heterologous poly A sequence in the
.co:nstruct. Suitable poly A sequence's have already been described. The

- construct may additionally include an enhancer sequence 3' of the coding

se_duance. Suitable enhancer sequences are described abovei,in rel'atibé\' o

" the chimeric promoter construct. -

20 : In another aspect, the invention provides-a nucleic acid construct

comprising, or in some embodiments consisting essentially of:
(i) a promoter sequence;

{ii) a coding sequence operably linked to the promoter

sequence (i) and;

25 . (it  an enhancer sequence 3' of and operably linked to

the coding sequence (ii);



poly A conponent in the construct. 5 A construct according to any aspect of
the present invention may conprise a signal peptide sequence. The signal
pepti de sequence is inserted in operable |inkage with the pronoter such
that the signal peptide is expressed and facilitates secretion of a

pol ypepti de encoded by coding sequengg also in operable |inkage with-the
promoter. Cto Typically a signal. peptide sequence encodes a peptide of 10
to 30 amno. acids for exanple 15 to 20 ami no acids. Oten the am no acids

are predoni nant),yelays tap BARkReer Soqudial alis HekialiPoim 2 SUTRAGT BRPL I de

targets a growi ng pol ypeptide chain bearing the signal peptide to the
endopl asniHBsdg isequent®br the' P oésssingan MY ifreediagaahrlpapriade is is
cleaved off in the endoplasmc reticulum allow for secretion of the
pol ypept i déaupacehendshgcodsaseuancenliis ighaterplagogdor e erhanaert he
invention may conprise: (1) a natural signal- peptide sequence; (ii) a
honol ogousseﬁéfepﬁ?rt of (i) which retains signal 20 peptide activity; or
(iii) a fragnment of (1) or (ii) which retains signal peptide activity.

Sequenc [ [ |+ ' ' | r signal
pont 1 det (Pasp ERnEEuE RN g cbh AR AP 00N BB B KL { cengank
AAD13685) ,ast PlRasiess aké&ds dBssritgsthin Re@lidisieo ke Bankrid YH4Rtdter or chi cken

| ysosynme signal peptide (GenBank AF410481). 44 . A signal peptide, suitable

for use i moanistrustesent invention, is one which will enable the secretion of
het er ol ogous proteins. A functional signal peptide can be identified in an

assay which conpares, the effect of a test signal peptide wth the effect of
i S[de'-‘e— PEgotes spaRERce ﬁééﬁge[ﬂ’ﬁ@ WO MIracey vator si gnal

“a known si gnal ' YRIER :
peptide ( %-Lpl(g‘ﬁgtid p?&]‘ﬂo%rt&quence. The promoter sequence may be a natural

10 promoter sequence, a functional homoiogue of the natural sequencebr a
| funct’:onal fragment of either. _Suitable natural promoters-include, for
e}tample, ;the hCMV immedibate early ﬁromoter, Pseudorabies virus (Pﬁ\!}
promoter or Rous sarcoma virus (RSV) promoter. Preferably the na’tﬁrai

promoter comprises SEQ 1D NO: 52 or SEQ ID NO: 53.

15 An. artificial promoter construct, such as the chimeric promqfe'r

described above, may be used, provided that the promoter is functipnal.

A functional promotgér sequence is generally one which is able to’
cause {including initiate and regulate) transcription of.an opefably linked .

coding sequence in a suitable host cell.

20 A promoter sequence may be tested for promoter activity using a
| routine expression aséay. Functional homologues or fragments of a
natural promoter sequence typically provide at least 50%, for example,l
or least 60, 70, 80 or 90% or the expression provided by the natural |

sequence in such an assay.

25 Suitable coding sequences (ii} include those already mentioned in
relation to the chimeric promoter construct. Howevér, in the present
aspect, the coding sequence is heterologous 1o the 3'enhancer sequence.

The enhiancer sequence (iii} .of‘ the construct is described above. The



the effect of having no signal peptide. The Conparative Expression Assay
set out bel ow may be used but with the follow ng nodification. Secretion
expression vectors are constructed containing the base vector wth either
the test signal peptide, hTPAsp or no signal peptide. Coding i o sequences
for pol ypeptides devoid of their naturahkly occurring signal peptides are
inserted into the vectors and the vectors transfornmed into reference host
cells. Preferably cells are mammal i an HEK293T, 'CHO,  HelLa, BIHK, 3T3 or COS

cel 1. The ppeld ARAASIANSINEEN 2100 YRER! H08,0 SARLESILOR hgvel s, A

functi onal p5| ghal peptide en ypept i ion” at i gher.level

than a vecbageI@&hbmimeﬁbw@hcﬂepbbdﬁr%ﬁ,&has%pollye@%bgmﬁmaw@éerabl-y two
g

pol ypeptides. Typically, secretion is 5 %higher, or nore preferably 10%

hi gher or matigge tbotheesatipg eegOente Howmingiidre providerd es aThetaraldgpussecr et i on
| evel s are c&r;r%zr able to those obtained using hTPAsp. 20 All owi ng secretion

of encodedPf FeMBaRSNHE aAN¥¢lessing cell may have a nunber of
advant ages, in particular where theprotein is an antigen; For exanple,

i ncreased anti gegn j i [ nt | y response
by i rrrru%e cells ﬁéﬁeﬁ’%p#aég’ég%o,craﬂ'laqg’bcghé\z%ggeggﬁfé}?e E[%Squﬁgl}\f%@éﬁ et c),

enabl e t heqghidrideya fgralbbgffe s2qUBAEE. tTHR agnal AR sagak | gnal cell's
(cytokines), enable an antigen to find cellular " I'igands and effect a

functi on (anerteedinesperabla lirskamechyithsthehploen@ter auch,thatikelsigrial) and
participate in normal cellular biochem cal processes (cellular: receptors).
A nucl ei ¢ RePHdednsKpiRssedfanchiaciifiatan semetiay de palvipsetidsrenassded byo

pl asm d e‘xgr(@ssi on vector. The ve tior. gﬁg thﬁ?nti ncl ude, addi tional 45

el enents, SOORGECGHENSE;i6 Iy PPRERLie linkags Wil e PLUNSISTyenes. Such

| ements are known in the art and can be included ‘using standard

techni gyes. 1n qugieMYCiLRal pephide BbESEMCE ¥RESMs AFephide SEIBSRCSO! ”."
| amino.acids for example 'i5 to 20 amino acids. Often the amino acids
aire predominantly hydrophobic. In a typical sitﬁation, a signél peptide
térgets a growing polypeptide chain bearing the signal peptide to ’cﬁe '
eindop]‘a:islmic reticulum of the expressing cé[[. The signal peptide is
15 cileéveﬂ off in the éndop[asmic reticulum, allow for secretion of the

p%clyp'eptide via the Golgi apparatus.
A signal peptide for use in the invention may comprise:
{i) a natural signal peptide sequence;

{iy ~ ahomologous variant of (i) which retains signal

20 " peptide activity; or

(i)  a fragment of (i) or (ii) which retain._s signal peptide

activity.

Sequeﬁce (i) may be for éxample human tissue plasminogen
activator signal peptide (hTPAsp} (GenBank LO0141}, fhe aprotiniﬁ signal
25 peptide (GenBank AAD13685), tobacco extensin signal peptide {GenBank
JU0465), or chicken lysosyme signal peptide (GenBank AF410481).



SEQ I D NO 14. Alternatively, the construct may be included in a viral e
vector construct. In sone enbodi nents, the nucleic acid construct of the

i nvention nay conprise two or nore of the chineric pronoters defined
herein.. Thus, -the construct may conprise a plurality of chimeric pronoters

and in particular the construct nmay Have .two, three, four, five or nore i.o
chinmeric, pronoters. The chinmeric pronoters will preferably be each
separately operably linked to a cloning site for insertion of a coding

sequence. Thus A shhat @aptineCsuitalylceopressint the, preBefeinveAtibn, 3 sReor nore
nmore codi ng sequences. The codi ng sequences expressed nay be any of those
speci fi ed whicbiwill emakie ghefsecrasibn affetewlogius potsinsuch fhastiomal 15 chineric

pronoters with each having.a codi sequence operably linked .to them In
parti cul aﬁ!gﬂé’eﬁﬁge&i%hg? @‘tﬁé‘%ﬁ]gbai‘%ﬁ?@&rwg'@g GRfabaresdine &f4ef 8t her. 1n
particul ar, . CORSL T S, Wi th t pt expr the A and B
subunits &teéﬂ%}@iﬁ’!e@@%ﬂ%%n%‘%%@?@??ﬂ? ﬁoiy'ﬂ%r}%lgﬁﬁﬁﬁa a‘:‘T‘ig"_of_ ~- Z0
those reenqnhﬁ%iﬁa@ﬁsldm@ﬁmo@éﬁfa%rt%wr grgnlarpeaﬁ@e BhPPREB) L aplivRRSES Where
the construct has nmultiple Chineric pronoters each nay conprise, or be
oper abl y khakétedtaf eninghot signaepepndes TrenCompadativee Egpresslon a.
particularly preferred instance, the heterol ogousintron of one or nore of

t he pronotasaymis; BE heew: mayi be uspd ineithrthedaliavdes mediEcatisnone or nore
of the chiteric pronoters may. al so preferably copprise,the &' R of

v o pibtestoR Bt Hewics oo orbiited o Hhiod e lSass wedlhr,

adenyl at i ' ' ; - ef er ase, the
nucl gi c a?{lﬁaﬁ %ﬁ%’? ﬁﬁ%? ESOT’F Qsﬂé'a?%@g‘?&éﬂ Igtr—lpjr@r\ge cgg—gfr%llgbgles?%&%hidncgﬁ ?@ pr onot er
sequenges sedlibic@atdr pslgpeptitied GevaRNuLRiesr batugllprRecaking bighised to a

cloning site which has a codin sequence inserted into it, where each . {
chineric peptideeraredngertabinto the vectors and the vectors transformed into
reference host cells. Preferably cells are mammalian HEKZQST, CHO,
Hela, BHK 3T3 or COS celis. The cell media is analysed for polypeptide
expressi@:in levels. A functional signal peptide enables polypeptide -
16 secretiqiﬁ at a higher level than a vector lacking a signal peptide with at
least oné, preferably two po[ypepfides. Typically, secretion is 5% higher,
or more ';preferably 10% higher or more, fof example 20 or 50% higher or

more. 'prically, secretion levels are comparable to those obtained using

hTPAsp.

20 Allowing secretion of encoded protein outside of an expressing cell
‘ nﬁay have a number of advantages, in particular where the protein is an
antigen: Fer example, increasea antigen secretion could allow greater
antigen uptake and response by immune cells {macrophages, Langehan’s
cel!s,B-cells, T-cells etc}, enable the ability of antigen to reach the
25 bloodstream and signal cel,lsl{cytokin'es), enable an antigen to find cellutar
ligands and effect a function_ {antibodies, toxins such as cholera toxin,
E.coli LT) and participate in normal ce(lulér biochemical processes

(cellular receptors).

A nucleic acid construct of the inventicn may be in the form of a

30 plasmid expression vector. The vector may then include additional




(a) a hCW imredi ate early pronoter sequence; (b) axon 1 and at least a part
of exon 2 of the hCW s nmmjor imedi ate early gene; and (c) a heterol ogous
intrdn provided in place of the intron A region of the hCW ngjor inmediate
early gene. with the codi ng sequence operably linked to one chineric -
pronoter. encoding a LTA subunit and the coding sequence linked to the other
i o encoding an LTB subunit. The constryet can t heref ore express both
subunits. Preferably: the heterol ogous intron of each pronoter .is the rat
insulin gene intron A sequence; . - the sequence encoding each LT subunit

is operabl ydrhavi@d shientdiear onHTrRof l%alftfaﬂd‘ﬁvo?rs%ie%%or @BHéQr Suchach LT

encodi ng sequence is operably linked to the rat beta gl obin gene

pol yadeny!| aleroentssarguanoen i thelarhand esn ke irodincdd ueingoétahtierd nvention may
be substantially free of or associated with cells o? with cellular

mat eri al . Fechiigues imope @nb@d@n@mtartm nlagnigt eertpohas tbe seauﬁasveme in

east o056 oo B NGUH RbPnasBahEousR ot mplhing HENEsE e B30Ty “ras 1 n

the prepargLiQhc H&@rﬂtesent nucl eic acid nol ecul es may be delivered, to
suitable host ce for expression of a polynucleotide in operable l'i nkage
with the 25 pronoter. Preferably the host cells are mammalian cells, in

particul ar humam eeflesemBaiirabhes, Tat dseit elcidlebhwenyt of theliheingionci ds t o
such cells. are known in the art and include, for exanple, dextran nedi ated

47 transf gw@y @wnpcaedwmpnmyph@ﬂt ﬁiqoﬁhlmqﬂct amqmﬂterelc@émedﬂmram on and

di rect g‘: oi n1[ ection into nucl s] cri b_feci1 above, a nucl elg aci d
codi ng sequ%Hﬁe h%cang(glﬁg‘q mfj:(ytcompnse a p!ura ity of chimeric promaoiers an

in parttcular the construct may have two, three, four, five or more
10 ch:mer:c promoters The chimeric promoters will preferably be each
| separately operably lmked to a cloning site for insertion of a codmg
: squencg. Thus, the construct may express two, three, folur, five or more
mo.r?é cocf:ling sequences. The coding seguences expressedémay be any of
those sp?ecified herein. In a preferred instance, the construct has two
15 ch'irﬁericépromoters with each having a coding seguence pfp,erably I‘in‘ked |
to tﬁem.g In particular, the two promoters may be transcriﬂed away from

eacﬁ oth;er.

In. particular, the constructs with two prorﬁoters may express the
- A and B subunits of an ADP—ribOSyla‘éing bacterial toxin, including any of

( 20 fhoé'e méntioned herein and preferably an LTA and B subunit.

Injcas’es; where the construct has mﬁ[tipl.e chimeric promaters each
ma\} con;lprise, or be operably linked to, any of the sequen.c:és mentioned
heréin Eh a particularly preferred instance, the heterologoﬁs:intron of one
“Qr more of the promoters may be the rat insulin gene intron A sequence.

25 One or more of the chimeric promoters may also preferab!y compr:se the
5 UTR of HSV—ZgB pre-S2. One or more of the promoters may comprise

the poly adenylation sequence of the rat beta globin gene.

In a preferred case, the nucleic acid construct of the invention may

comprise two chimeric promoter sequences, with each promoter




may encode a therapeutically rel evant pol ypeptide. The present s constructs
may therefore be used for nucleic acid i mmunisation or gene therapy using
standard gene delivery protocols. Suitable methods for gene delivery are
known in the art, as discussed below. The nucleic acid nolecules can be
delivered .either directly to a subjecsg or alternatively, delivered ex
viva. to cells derived fromthe subject whereafter the cells.io are -
reinplanted in the-subject. For use in nucleic acid inmunisation or gene
therapy, bBguéh Béing SSardbRPRskedIEs & di@ﬁnges:{@wm&@hgg fAsodipgvent i onal
pharmaceuti cal preparations. This can be done using standard pharnmaceuti cal
f or mul at i eequdrera siserted iabo Hyevherdéotasdi dsmerit ptoraoeraxmnpaddse to t hose 9s
skilled in the art. For exanple, conpositions containing one or nore

nucl eic acid sequences_(e.g., present,in a suitable vector formsuch as a
DNA pl asnid) c beadm\'ﬁéﬂanlﬁeﬁ?éiyoﬁr%?@r;ﬂ@ﬂﬂﬁﬁ@@ut| cally acceptable

Cubstances, sulll ns ekant T ABOGH nen a POl pEeRoER A Mg Rel Lt &1 Y ng

subst anges and t he Eﬁg, “ﬁﬁ.}é&?@tepéaq@e%éné -nwide ezcipient or vehicle.. These
exci pients, vehicles and auxiliary substances are generally phar ITB.CEUtI cal

agents whi ch miy) beadwstendisgeusdnindrt ipecvided du@ldax bt ity intagd Awhi ch, in the

case of vaccine conpositions will -not induce an immune response in the
i ndi vi duaregiesaifvihedh @M/ oeatpoiTimiedinte Zariprgentmceut i cal |y accept abl e
exci pients include, but are not limted to, |liquids such as water, saline,

| yet hyl | hyal d d et | Ph ticall
Beceptabl o sal Feoh e kpulid edudiascndtabhcyahod & Bpe clunprie PRMGRET aci d
sal ts Sucgpﬁédﬁﬁédﬁi E?‘F!} %%&‘ﬁ% and"t}ﬁgr&t&ﬁ@‘sgﬁéﬁn%‘ﬁﬁ%@%ﬁhe Hhbates, and the

l'i ke; and organi c aci acetates, propionates, ! !

nal onaies enbedingadre s TBagburtifieTthd kenstrlict §ar&|ti$é3reﬂfn%f &tpreds balh hough not
required, that the preparation
subunits. Preferably::

- the heterologous intron of each pramoter is the rat insulin gene intron

A sequence;

- the sequence encoding each LT subunit is operably linked to the 5’ UTR
15 of HBY pre-S2; and/or

- "each LT encoding sequence is operably linked to the rat beta globin

gene polyadenylation sequence.

A polynucleotide construct of the inVention may be subst_ahtiai!y
free of or associé‘ted with cells of with cellular material. 1t may be in
20 substantially isolated form, or it may be in substantially puriﬁéd forri'), in
‘which case it will generally comprise at Ieést 80% e.g at Ieast 95%,

98% or 99% of the polynucleotide or dry mass in the preparation.

The present nucleic acid molecules may be delivered_to suifable
host calls, for expression of a polynucleotide in operable linkage with the |
25 promoter. Préferabiy the host cells are mammalian cells, in particular
hufnan cells. Suitable methods for delivery of nucleic acijdé to such cells

are known in the art and includs, for example, dextran mediated




will contain a pharmaceutically acceptabl e excipient that serves as a
stabilizer, particularly for peptide, protein or other |ike nolecules if
they (r) are to be included in the conposition. Exanples of suitable
~carriers that also act as stabilizers for peptides include, wthout .
limtation, pharmaceutical grades of 4#lgxtrose, sucrose, |actose, trehal ose,
mannitol, sorbitol, inositol, dextran, and the like. Qher suitable
carriers include, again without [imtation, starch, cellul ose, sodium or

cal ci um phapbidctidn, a!dtikT pleosHade pirad:[b&atlcn,aeﬂedtrogab)’@’dldiﬁanhllﬂi’ec}’ﬂ)' ecul ar
wei ght -pol yet hyl ene gl ycols (PEGS), and conbination thereof. A thorough
di scussi onrrmronmaatlmaanm ln@%{Bl!y accept abl e excipients, vehicles and
auxiliary subst ances is available in REM NGTON S PHARVACEUTI CAL SCl ENCES
(Mack Pub. ncor pa rated herein %c%/ reference. is Certain

facilitators of AﬁLFéEFSé"F%’ aé?tﬁ"’ﬁ’ptaa ﬁlﬁd‘?%‘fi CodBIEERGENCy N ?FQﬁ'ﬂréjé’i:l on
facilitating,agend s ) tﬁ%@‘é?%ﬁ)&grél@%wg&y@ Pgﬁ'@ Tﬁ8:§?8§éﬁ ons, for

exanpl e, faC| [itators s i vacai n I Ot OXi sucrose, and

transf egt i @dndtacddsi inal/itherefefd Be efedURi ragldic peRDIMMURisatldiPbEgBRepar ati ons
that are routinely used to deliver nucleic acid 20 nol ecul es. Anionic and

neutral | |ﬂtﬁam$ism@st/andiarq' ganaidedivbey arafovels. Suktabtlenfethodsifoveri ng’
nucl eic acid nol ecul es (see,

posqmne Practical Approach, (1990)
RPC New Edgeng pelippiysarg k ft%\w&h%bwa.r |Qf8'ﬁ9@$y%€éal?¢ lgMs dihe npdsiotid known .

\pg(rag:o;lr :tsl fﬁgl?@?%ggg%r%ﬁf%@% fﬁ?‘% r%ctl?ctoda QR{&]S&” a]ter% %l%giy? lipid

di ol eyl oxyJ@napul |e><'\ln*blo|‘t!ntdéu§ﬁié?b(1e@fm‘8h1 HB &litbjerd ﬂ#)ere@&af babbepsnder  the
t radenane Lipofectin'M, and DOTAP (1, 2-bis(ol eyI oxy) - (trimethyl anmoni o)

ﬁropane): meereirapganteﬂemghelsuhiecat (1987) Proc. .Natl. Acad. Sci. USA
84:7413-7416; Malone et al. (1989) Proc. Natl. Acad. Sci. USA 86:6077-6081;
US Patent Was 5,283,185 -and 5,527,928, and so International Publication Nos
WO 90111092, V\d':tglnggygmugﬁtp geydgyimunisation or gene therapy, the nucleic

acid constructs may be formulated as conventional pharmaceutica[
preparations. Thié can be done using standard pharmaceutical
formuiation chen;nistries and methodologies, which are available to those
15 skilled in the art. For example, compositions containing one or more
nucleic acid sequencés {e.g., present in a suitable vector form suciﬂ as a
DNA plasmid) can be combined with one or more phérmacieuticaliy

ac;ieptable excipients or vehicles to provide a liquid preparfatioh;

( ' Auxiliary substances, such as wetting or emulsifying agents, pH

20 huffering substances and the like, may be present in the excipient or
vehicle.. These excipients, vehicles and auxiliary substances are generally
pharmace:uticai agents which may be administere.d WiT.'hOLI‘t; undue toxicity
and which, in the case of vaccine composiﬁoné will not induce an
immune response in the individual receiving the composiﬁdn. |

25 Pharmaceutically accepiable excipients include, but are not limited to,
liquids such as water, saline, polyethyleneglycol, hyaluronic acid, glycerol”
and ethanol. Phérmaceutica!ly acceptabie-sa[ts can also be included
therein, for examp['e,‘ mineral acid salts such as hydrochlorides,

hydrobromides, phosphates, sulfates, and the like; and the salts of




95/ 26356. These cationic |lipids may preferably be used in association wth
a neutral lipid, for exanple DOPE (dioleyl phosphatidylethanolamne). Still
further transfection-facilitating conpositions that can be added to the
above lipid or liposome 5 preparations inelude sperm ne derivatives (see,
e.g., International  Publication No. A8 93/18759) and '

menbr ane- per neabi | i zi ng conpounds such as GALA, Gram cidine S and cationic
bile salts (see, e.g., International Publication No. WD 93119768).

Al t er nat iorghyic adids suchei<adsiatesygrepidretesf malthpeesemizdangsdricdn i o nay
be encapsul at ed, adsorbed to, or_associated with, particulate _carriers.

Sui t abl e tharlikec uitds @lsmpraferredi athouah medgeauisedy gmtitherprepatajivst hy |

nmet hacryl ate polynmers, as well as PLG m croparticles derived from

pol y(| act"‘?“@e“s‘ymé a&ﬁwf*ﬁ%@%@‘i @8935”8?9 ?gﬁ@)“?”@g@? SETPS¥F Pery et - at.
(19:93) Rhayd 10 her ' t I.S,. polyners
can al so %gﬁlﬁgg?ﬁ'gégggl%%g%pgo yﬁé?ﬂséﬁ{sht%lﬂgg &?ﬁ;gﬁg,gﬁdtggﬁyargi ni ne,

pol yor fii tdte R, bes RRIMSE in SEEBhTHoRRIorAS Ewahiplas of anityBR! @frie® tHdtese _
nol ecul es. Once formd ated the conpositions can be delivered to a subject in

, Vi vo usialgp actasistapilioérskivovpeptiviesesclane, veithoiilireiatiboy exanple, the 20
|l iquid preparations cari be ]provi ded as an injectable. solution, suspension
. or erRhaEMmacesrgaharmdasseled@d 056 KF TR JAGI0Ses HENAFRe 60NN r ader mal |

syri nge. Rrotel ARy ARk A e eR P81 O ERRP P BBEREY  Sne can
al so be adaimiais@clinhietion] Siart, skilods, S3GARTLr ERRAA pifispREted, ded as a

2s finely divided spray suitable respiratory or pul nonary
adm nihst ratricoacid, Camaric rantbsglgtinadhigh stolatilan vigightigelyekiaflerelm ni strat i on,
supposi.tories, ~and active or passive -transdernmal delivery techniques.
Al t er nat i9hergis PREstonmd somiynatienihereoid i Aheraighddisgussion off or :
pharfn?k:eutically acceptable excipients, vehicles and auxiliary substances
18 a_'v.a_i:!ébie in REMINGTON'S PHARMACEUTICAL SCIENCES {Mack Pub.

: Co.,:’-N.LJ. 1991), incorporated herein by reference.

15 Certain fadititators of nucleic acid uptake and/or expression
k“transfection facilitating agents”_) can also be included in the .
| compészjtions, for example, facilitatbrs such as bup-iva'c‘aine, cardiotoxin
and st?jci’rose, 'a'n‘d transfection facilitating vehicles sucﬁ as Iiposéma[ or
lipid :p:r_eaparations that are routinely usepl to deliver"nuc[eicl acid
20 mofze:_c,fl'.il%:ezs. ‘Anionic and neutral IIposorﬁes are widely available and well a
knowﬁz'for délivering'nuc]eic acid molecules (see, e.qg., Liposomes: A |
Pracficé/ Approach, I(19‘90) RPC New Ed.; IRL Press)._ ‘Ca‘cionic lipid
prepératidns are also well known vehicles for use in del'ivery of nucleic
acid molecules. Suitable lipid preparations include DOTMA {N-{1-(2,3- |
25 dioley[oxY}propy!]—Nr,N,N-trime’chy!ammohiﬁm chloride}, available under
the tradename Lipofectin™ , and DOTAP (1,2-bis{oleyloxy)-3- '
{trimethjzlémmonio)ﬁropane), see, e.g., Felgner et al. {1987) Froc. Natl.
Acad. Sci. US4 84:7413-7416; Malone et al. (1989) Proc. Natl. Acad.
Sci. USA 86:6077-6081; US Patent Nos 5,283,1 85 and 5,527,928, and
30 International Publication Nos WO 90/11092, WO 981/15501 and WO



exanpl e delivery and reinplantation of transfornmed cells into a subject 50,
are known (e.g., dextran-nedi ated transfection, cal cium phosphate
precipitation, electroporation, and direct mcroinjection of into nuclei).
The conpositions are admnistered to a subject in an anmount that is
conmpatible with the dosage fornulationggnd that. will be 5 prophylactically
and/ or therapeutically effective. An appropriate effective amount will fail
in arelatively broad range but can be readily determned by one of skil

in the art gy, B5eHE NeLLES l%bﬁoniépﬁpiaghw F»Péf_%ﬁaﬂi%% udf ff & "ia“r?c?'p " Goodman

and G I man's The Pharnmacol ogical Basis © erapeutics’ are useful for the
purpose of wieh ermdurAldigidefcarexantplé OPEdeibleflor exanple, it is. generally
expected that an effective dose of the polynucleotide will fall within a

range of abbaspliatidvlethanidaning!. P} supher traslegtionefacilivatiog0, ug. I n one
i nstance, a nucleic acid constru of the inveﬁéjii on pay be used

in. f:opj uncEPB}PQﬁ'TﬂW%Hﬁth‘éﬁn g addied Wothe E%Wéet Et‘?‘r Ul %51e° case, Lhe i's
e o AERERYSIcEY S IR (scu e s 0T e

expression’o her  construct construct

encodi ng opgbREatitr RANNIEBS1 8 7HIR aRHehERIeshEBEaeBBlibing WoThpaGids May .
enpl oy the chineric pronoters of the invention. In the case where one

construct ewphesséslan Gdmiveine Snahd keti@oicobilecsalta (sa®, ieggnn or anti gens, the
antigens nmpy in particular be fromHSVY or Hepatitis virus (particularly
Hepatitis Bitermational fwbligatiogdye Wy 3341988614 cul ar be the HSV 1 CPO, | CP4,

| CP 22 and/ I CP 27 antigens and: preferably all four. In cases where such

antigens are expf etb N ' . ' .0 parti expr ess
o) 9ETS e oXBERTEa e AR ARPANSE gL TR
3@“! ni sfeer pthyseP@rbpbilated 4B8JrBBE IS bY aQoSiseERLi dayticdlBge tWwo May be
adim ni stered in the sane :

carriers. Suitable particulate carriers include those derived from

po_l'yniefchyl methacrylate polymers, as well as PLG micropari_icles derived

from poly({lactides) and poly(Iaétide—co-glycolides}. Ses, e.g. Jeffery et

al. (1993) Pharm. Res. 10:362-368. Other particulate systems and

15 polymérs can also be used, for example, polymeré such as:pélylysine,
polyarginine, polyornithine, spermine, spermidine, as wel| as ::'conjl._rgatas

of these molecules.

Once formulated the compositions can be delivered tc‘J:Ea subject in
vivo using a variety of known routes and techniques. For exeimp_le, the
( 20 liqu'id preparations can be provided as an' injéc:tab[e ‘solutioh, is'us:_pension
or émulsion and administered via parenteral, subcuf'aneous, itgitraidermai,
intfamuscular, intravenous injection using a conven_ti‘onal neeidle and | _
syringe, or using a'liquid jet injection system. -Liquid préparaiibn?é can
also be ‘a'dministelred topically to skin or mucosal tissue, or p'réité:wic'(ed as a
25 finely divided spray suitabfe for respiratory or pulmonary adn{i‘nisj‘traﬁon.
| Other modes of administration include oral administration',._suEpo_sitories,

and active or passive transdermal delivery techniques. )

Alternatively, the compasitions can be administered ex vivo, for

example delivery and reimplantation of transformed cells into a subject



or different conpositions. In particular, where one construct has an

adj uvant effect the two will be delivered so that an adjuvant effect is 51 "'
seen, that is the i mmune response generated will be greater and/or for a

| onger period than if the adjuvant had not been administered with the
antigen. In a preferred instance, thegpwo constructs may be delivered in
the sane conposition, preferably on-the:same carrier particles. 51n a
preferred enbodi nent, the nucleic acid-constructs of the .nvention are

part1 ol ¢ AaIEPLAT IR B i8S M= 0R hrb RolRl), BB Ponc are

known in thigcipithtioRaklddttd® rhAbn Pand drbet mRdichRedal divaty niRipe formed by

coating to the present nucleic acid nolecules onto carrier particles (e.g., .

core carriers) using a variety of techniques known in the art. Carrier
particles are Hed ectredsiticrm amst admialisiendd ¢ ahaldeet Buan abheurctethsitty in t he
range of particle sizes typically used for intracellular delivery from.a
parti cl e- ifns@imnasibleavith éhg dpsape dormylgition) and gkatrwdl bparticl es have a

di t f 1e f .1 to 5 for. -0.6 to 3 f bly 1 to 2

Theopt i IAPRYECPERMN, 2pHTar Beken iRy S iz Arb AP RIS G % amat or
f h - ' 1 aidal i, Cf . b d

oher ot t REAGIERIN Salf b SERAEKEbbad AR KR il BBAAY BefarnfifgdF Lo

tissue (e.iy oné'gimskil iftachr) by rsliibaRASICTRS Y PhakieiarisdDByk | nmune 20
conpetent cells. Usually carrier particles are selected frominert netals.

The net al SRefarandaieand "Govtatarnt &y GlimanistThenpbamwhacploglday Bastsi ek. For t he
pur poses the i.nvention, ngsten, gold, platipymand iridiumcarrier
parti cl esQ@ﬁfaP%'é“%%ere tﬁﬁf@'w @nﬁ'ﬁnﬂur@gﬁﬂ thaffqtﬁﬁpgﬁn%rtgeﬁ"@?‘émr ed. ‘Tungst en
particles 25 are ' Vi i ' A 2 min (!
di anet éér?. nz%d{%ﬁofag%g:ﬁhﬁ [%a'?tl# g?b%ﬁ%@v&?ﬁ?ﬁé&%iﬁse’l?{ef(%}\%r&?Cj%eeb n particle
- the polynucleotide will fall within a range of about 0.001 ta 1000ug,
‘more preferably 0.01to 10.0ug. | |

In one instance, a nucleic acid construct of the invention may be
used in.conjunc*tion with another nucleic acid construct. in one case, the
15 nucleic acid construct may be one of those described herein for the
expression of an adjuvant and the other construct may be a c:_onsti‘uc*l:
encoding one or more antigens. In a preferred case, both cbnstructs may

employ the chimeric promoters of the invention.

In the case where one consfrucf expresses an adju.va.nt and fche- - (
' 20 other an antigen or antigens, the antigens may in particular:be fron_ﬁ_ HSV
or Hepatitis virus (particulér]y Hepatitis B Virus;). The ahtigerils may ln .
particular be the HSV ICPO, [CP4, [CP 22'and/IC_P 27 antigéns andé_' -.
preferably all four. In cases where such antigens are expljesised, thé
adjuvant construct will in particular express LTA and/or LTB and in

25 partidular both.

The two constructs may be administered separately,
simu[téneously or sequentially, The two may be administered in the same
or different compositions. In particular, where one censtruct has an

adjuvant effect the two will be delivered so that an adjuvant effect is



accel eration delivery nethods, and allow highly efficient coating with DNA
tungsten may potentially be toxic to certain cell types. Gold particles or
m crocrystalline gold (e.g., gold powder Al 570, available 52 from

Engel hard Corp., East Newark, NJ) will also find use with the present

met hods. Gold particles provide uniforgity in size (available from Al pha
Chemcals in particle sizes of 1-3 um 3r avai-l abl e from Degussa, South
Plainfield, NJ in a range of particle sizes including 0,95 un) and 5 reduced
toxicity. Mcrogr si%%ILne ol d provides a divehfg particlecﬁiz? ‘ o

di st ri buti 8RNt YRLEINE MNERR IS egeneraiasl Wi draregtar andier foragul ar

surface-ar ' i ' | f hi i gient coating
wi th nucl eﬁhgg%i éﬁsr?dd;ﬁ'ﬁ]e}’urﬁﬁgép Epﬁ%@dﬁg gl\rég%gﬁgvi% %H&qgg%e%@ewedescri bed
for is coahtig8nom Br;ﬂ@féﬁrédiirié@gné&wtf@rtvﬁblﬁoﬂﬂhﬁcﬁhoh%a%etd\éﬂ@éxte@i”m
particles. Mst such nethods generally conbine a predeterm ned anount of

gold or t tingseme ootiposithsyipeiablyCacitie sacthes parier giangcle¥he resul ting
solution is vortexed continually during the coating procedure 'to ensure
uniformty of the reaction.m xture. After precipitation of the nucleic acid,

15 the doated pah @ BrederredModimeands e BHCler surteanssrunanidhes and

all oned to.dr rior to.use,.cqQated onto surface f a sarriiple nodule or
cassette, H}Y%Q’(ﬁbarq ﬂ‘%)lbveéelaléfj&@g}% Cceggs"%ﬁ"?% af%f%ﬁ@énﬁeﬂl%ﬁﬁtc’%ﬁ?é‘f particl e-
medi at ed debdiyfeNe! N HERHESaras B deliVeting REcRA ¥BRF- | eotl des of
the invention can be 5 formul ated as a particulat®e .conposition. Fornulation
can be car prgshratibns @sé k@otheiratiovartdescri bed standard pharmaceuti cal

formul ation chem stries. For exanple, the pol ynucl eotides can be conbi ned

with one” or nore pharmaceutically acceptabl e excipients or vehicles to
provide a sui t &rédcleaifposprtickp madiatadoralivasy saay brfesmeddns cartinghen

2{/282; g1t%i g ?2 gré)saerr}tl nCL}c r:%cuasclicr{] %cﬁég&%gro%tgec%?rr?érqugr%c?euscPe.gf cbc}[reSI pl e

carriers) using a variéty of techniques known in the art. Carrier paﬁicles
are selected from materials which have a suitable density in the range of
particle sizes typically used for intracellular delivery from a particle-
mediated delivery device. Ty]::ica-ll\'ar carrier particles have a diameter of

15  from 0.1 to Sum, for‘examp_ie- 0.5 to 3um, preferably 1 to 2um. The
optiﬁﬁum carrier particle size Wi”; of course, depend on the diameter of
‘the target cells. A[ternativé!y, cqlloidal gold particles can be used
wherein the coated colloidal gd[d is administered (e.g., ihjected) into
tissue (e.g.; skin or muscle} and subsequen‘cly taken-up by.immunea

20 competent cells.

Usually carrier particles are selected from inert mefcalé. The metals
* are inert in that they are nlcrf physidlogiéa[ly active. For the purposes of

the invention, tungsten, Qoid, plétinum and'iridlium carrier particles can
be used. Tungsteh and gold particles are preferred. Tungéfen particles

25 are réadi!y available in average sizés of 0.5 to 2.0 um in diameter.
Although sﬁch particleé have optimal déensity for use in particle
acceleration delivery methods, and allow high'[y efficient coating with
DNA, tungsten may poténtiai!y be toxic to certain cell types. Gold

particles or microcrystalline gold {e.g., gold powder A1570, available




drying), vacuumdrying, spray drying, freeze drying (lyophilisation), spray-
freeze drying, spray coating, precipitation, supercritical fluid particle
formulation, and the like. If desired, the resultant particles can be
densified using the techni ques described in comonly owned 53 |International
Publication No. WO 97148485, incorporajed herein by reference. These

met hods can be used to obtain-nucleic acid particles having a si.ze ranging
fromabout 0.01 to about 250 pm preferably about 10 to. s about. 15,0 arm

and nost 2 LT Gl nsity ranging
from abouﬁyﬁnﬁﬁgé]'ﬁggﬁ?%g%"%a%(wgﬁﬁfg@%ml_ aggn@?cféséf&g 55 0.5 to about
3.0 gl cnB,presedt fRiR6ds OB d grieks praeideaibifeiraRy GAESYd Evadablaefratc! ei ¢
acid nol ecules C may be packaged in single unit dosages or nultidose -

cont ai ner sAlpBacbhemicaloin pangsle simes cbind et emaviikiieficalDegussa) ed -

contai ner enclosing a suitable amount of the particles. The particles can be
packaged asouth Blegyigle, Ndrima smananol padiale sizesrinstuding Oy98¢ankandont ai ner .
can thus be , designed to.preserve. the sterili of ,.the forpulation until use

in deli \E/e_rr?duc_"?é tgx l j'_e@ﬁqmﬁﬁ\é“&gw{eagﬂgrpgog\%%p? fe‘lf‘é%faﬁﬂ?fﬁﬁsp%@d for direct

use 1n a iqBaTh e (iBRiAAY A le! BB 4N LE S THRLSALLY. BUGReRaRyal ners Lake

the formof capsul'e pouc sachet S, casSettes an | ke. The

particle dgirfass sredeyt aisroeaystaliie dsldprovidéedorhighiyr sffiessitdowgingi tion

containing a suitable dosage of the particles. The prel oaded device may
t hen al so withprwpeickawjdel. i n, a hernetically sealed container. C. . 20 The
container in which the particles are packaged can further be labelled to

identify the copposit{ion,and, provide rel evant dosage infQr ion. In
addi ti on, the cbrTATAEF OF AIEHEYS A5RIMERADA P@V&?@%d@ﬁcﬂ@%@%m

brescri,ped, bl PERABRALAY CIORDRNASnDGIR! & elftRibPdrtictes. -

Most such methods generail\,} combine a predetermined anjount of gol'd .
or tungsten with piasmid DNA,' CaCI2 and spermidine. Th{e resulting

~ solution is vortexed continually during the coating proced@re 0 ensure |
uniform_ity of :che reaction mixture. After precipitation of tih-e nudlgiq acid,

15 the coated particles can be transferred to suitable membreimes énd

allowéd to dry prior to use, coated onto surfaces of a s_a_mép[e module or
cassette, or loaded into a delivery cassette for use in partifcula_ij _:partfcle,—

. mediated delivery instruments.

‘As an alternative, the polynucleotides of the invention can be

C

- 20 - formulated as a particulate composition. Formulation can be carried out
using the-above~d_es'éribed standard pharmaéeutiéal formuiation '
chemistfies. For example, the polynucleotides can be c":pnhb‘ihed with one .
‘or more pharmaceutically écceptéble e){cipients or vehicleis 10 -fp'fr;:fav-ide a
sulitable compaosition. The formulated compositions are tﬁen' prepared as

25 .particles using standard techniques such as by simple _evaipofatio:n (air
drying}, vacuum drying, spray d‘rying, freeze drying (iyophﬁilisa’tion), spray-
freeze dllying, spray coating, precipitation, supercritical ﬂLétid particle
formulation, and the like. If desired, the resultant particle:é can be

densified using the techniques described in commonly owned



and Drug Adm nistration, wherein the notice indicates approval by the, as
agency under Federal Law of the manufacture, use or sale of the nucleic
acid preparation contained therein for human adm nistration. Particle

accel eration devices, suitable for particle-nediated delivery are known in
the art. For exanple, current gene gun devices enploy an explosive,
electric or gaseous discharge to propef&oated carrier particles 54 towards
target cells. The coated carrier particles.can be releasably attached to a
novabl e carrier sheet, or renovably- attached to a surface along which a gas
st r eam pasgstgrmbtionalnidubiitatioar Noc W@ 37/6548% iscoipacetedaneteircbyl er ati ng t hem
toward the target. An exanple of a gaseous 5 discharge device is described
in U S. Pat éﬁ?erﬁlﬂﬁ‘e-& 204, 253. An expl osive-type device is described in

U. S. Patent No. 4,945,050. One exanple of an electric discharge apparatus

sui table for us rejin. ri | > Patent No, 5. 120 657. Another
electric di scha%ﬁég%eaﬂﬁ'%gpﬂgaqsuggﬁgjedgsge?r#cggh*a?% n%é?%taé’fﬁ PRH'%‘?%B@Y%‘@& The

di scl osur e pEi;8lrhng i gCfrofNESEUPBIENES abdut PEY A9Y ?}@%rgag,%bﬁyq @%ger ence in
their entireties. “Particles may al so be adm nistered using, a needl el ess
syringe s deabote,1 5w, and hase mekeablyeabout 20 3o Raicent6 Nem SarfeBA, 796 to

Bel  house eta! ( "the PowderJect(r) needl eless syringe_ device") and in

| nt er nat i o@Ertichgdensdtyi wnoiee fronDadsup £2630 awuwwEDHgdn’, ol adsllk2513 and WO

96120022, a)Jl of i.ch | nCor po ed herein b reference. Devices- such
as the one Cl?é@gwi%népqq*a@% %gﬁﬂﬁt@g%’gq’%@rea y be provided as a
pen-shaped instrunent containing, in linear order noving fromtop to : ’

bottom a gas cydlndes e%ﬂ,%'é;éqﬁi@ie%a%ﬁﬁhfiﬁngﬁg%gﬂa Kad8d O cfesUPer soni ¢

nozzle with an associated'si| rme rticles are provided
thin a syhapbegakagatnarsingle Linibdessat demutoddRdcoydingts! UPheH abl e

| ymer nmenbranes that are heat-sealed to a ,

10 containers may comprise an hermetically sealed containér enclosing a

| suitablf_el' _ambunt of the particles. Tl"le.partic[e‘ls can be packaged as a
stérile éfdrnﬁllation, and the hermetically s__e,'aled container can thus be
designé& to preserve the sterility of the formulation until use in deiivery
to a subject The- containers are preferably adapted for direct use in a

15 pa.rticfé t?'neéiiated delivery device. Typically such containers take the
form of ic:a;:f:?su[es, foil pouches, sachets, cassettes and the like. The
particle _cii!eiiiéfery devices can also be providedlin a preloaded condition
contaihi;’glg a suitable dosage of the particles. The preloaded device may

~ then aljsc?i" bé prepackag'ed in a hérmetically sealed container.

0 The container in which the particles are packaged can further be
[ab-eileci fo identify the con;{position and previde relevant dosage |
‘information. In addition, the container can be labelled with a notice in
the form prescribed by a governmental agency, for example, the Food
and Drug Aidministration, wherein the notice in;:licates approval by the

25 agency under Federal Law of the manufacture, use or sale of the nucleic

acid preparation contained therein for human administration.

Particle acceleration devices, surtable for particle-mediated dslivery
are known in the art. For example, current gene gun devices employ an

explosive, electric or gaseous discharge to propel coated carrier particles



washer - shaped spacer to forma self-contained sealed unit. Menbrane
materials can be selected to achieve a specific node of opening; and 2s _
burst pressure that dictate the conditions at which the supersonic flowis-
initiated. In operation, the device is actuated to rel ease the conpressed
gas fromthe cylinder into an expansigg chanmber within the device. The

rel eased gas contacts the particle cassétte and, when sufficient pressure 55
is built up, suddenly breaches the cassette nenbranes sweeping-the

ticles [nto th ' soni le for subs t deliy The nozzle |
Gesi anea BT RERP BRI e Gabodaettol SRS Pon bockelSAshong el ver o
quant ity obyBBhbY hesnidyaBid BANRE ShEL AGerdtho PASTSlI AR ALPR sulfised S encer

is used to attenu ol Se produced by personi c gas ow. The

delivery sxwmmhld%@.dsﬁémhgsa%@a,t iRty tHphiEAéd BdrNQhe W0rfa38/ 20022 al so -
uses t-he energy of a conpressed gas-source to accelerate and deliver :

powder ed cempazicelevating Hommvienyard thestafgeb dirsexayplsbid daseouthe syst em of
US Patent No. 5,630,796 .in its .use o wave instead of gas flowto

f hock ’

accel er 8t edissBapig fp¥iceds deseebedin H-gﬁﬁzﬂg%%@:ﬁ%@ﬁﬁan@!ﬁus pressure rise
i ded by- h : . t ed hi flex bl tpd k t he back

bt %t he- donB o P e datan Heay et Bh Vot -FEnt Nos daPaaind: Prstne o
di ti ; ' | ; wd d

Composi £1 oExpRHEResh ARELReTchs ol b d R R Ko Roe Htal 1 0 e et

vel ocity, HbBssriTEMBNUWSIPatent Henst 1 20655 2r gaiothiep slestrie dischargal nucosal |
ti ssue. The powdered conposition is released at the point of full done

eversi on. Zhpatisus is deswikast inebSt Rateoipiebel 49 £hh.ailine tisclusghe pf elisure gas

fl ow which 20 therefore.dpes not ¢ into contact wth the tissue. Because.
the gas'd s of hRess BRERIYE S Hlﬁqrﬂﬁrattﬁgg'ee&%mi R F SopTtatn Bier eRtredigst em i s (-

I nherently quiet.
Particles may also be administered using a needleless syringe

device, such as those described in U.S.Patent No. 5,630,796 1o
Bellhouse et a/ { “the PowderJect® ﬁeedl eless syrihge device”) and in

" International Publication Nos. WO 94/24263, WO 96/04947, WO
15 9_6[‘1 25'1-3 and WO 96/20022, all of which are incorporated herein by

reference.

Devices such as the one described in US Patent No.b ;630,796
may be provided as a pen-shaped instfument containing, in linear order

- moving from top to bottom, a gas cylinder, a particle cassetté of .

20 package, and a supersonic nozzle with an assodiated.silencer :rnedium.

' The particles are provided within a suitable container, e.d. a cfasfset’ce
formed by two rupturable polymer membranes that are hea't-séaflle('i toa
washer-shaped spacer to fofm a self-contained sealed unit. .Mehbrane' |
materialé can be selected to achieve a specific mode of openingé and

25  burst pressure that dictate the conditions at which the supersbriic flow is

initiated.

In operation, the device is actuated to release the compressed gas
from the cylinder into an expansion chamber within the device. The .

released gas contacts the particle cassette and, when sufficlent pressure



Thi s design can be used in other enclosed or other w se sensitive
applications for exanple, to deliver particles to mnimally invasive
surgical sites. 25 Particles nmay be delivered in vivo directly to a subject,
or ex vivo to cells taken froma subject, the transforned cells then being
reinplanted in the subject. For in vi v%agel Ivery, particle injectionis
typically subcutaneously, epidermally, “Intradermally, intramucosally (e.g.
nasal ly, rectally and/or vaginally), .intraperitoneally, intravenously,

|1 [ larly. Pref bly, | i is to t inally.
G 1o ent i 51 BUTSHEEDAMR Hisaghi ThRZeBaPite ChECOlas WaoRBOR vir ed 1o
-di ff i ' | héa . |'l's -of
D00 and SR o oF T, B RRE R not T S Gl e TR Lo e

cells. Theis)dé&ig@nledstoaﬁcﬂwiédmanégﬁc&ﬁ@@abwaoéi@@jaﬁﬁtﬂdv@ pattRARerdéiR@pat i ble s
wi th the dosage fornulation and in an anmount that will be prophylactically
and/ or t hecapeantiyadt panidles td edarget sidacp efipreddfined afchecThoe anount” of

t he present _garti,cul ate conpositigns wll be sufficient to bring about
treatmerft SHERFRVIEHHIBhQALENLAER EGPOISERICAUSRS byt thim BRErsamis G@9 | fall in
a rel at i'velf ml?road range that can be determned i.0 by routine trials.
Ceneral ly the particles are delivered in an amount of from 0.001 to 1000pg,
nore preferably 0.01 to 10.0Ug of nucleic acid per dose. However, the exact

anount necessar YrHd H&liveH) eydeRantisasibed in [HienagenansLiIRAGGLAI NGOPEDT i on of
the individual being treated and the particular nucl eotide sequence

sel ected, &6/@80L2aslsd hees fibe voprgy AN aldorapesspdigasesefréedbi ve anmount can

be readily determ ned through clinical testing. The "Physicians Desk
Ref er ence™ 2gR@leraisoRmr A chver kpVERIES compostiehmabiommesalt iBasi s of

Ther apeliti gac 21 AP Hilm GRE S| BRR WIS B NICECREDT 86 g AIPYpt needed.
| a sl.holc:k wave instead of gas flow to accelerate the particles. More
particularlgf, an instantaneous pressuré rise provided by a shock wave
generatedébehind a flexible dome sfrike‘s the back of the dome, causing a
sudden evéersiorﬁ of the flexible dome in the direction of a target.-surface.'
16 . This suddén eversion catapults a powdered composition (which is Idcated
on the 'c:utiside of the dome} at a sufficient velocity, thus m.omer'_\tu:_m, to
penetrate ;target_ tissue, e.g., oral mucosal tissue. The powderéd '
compbéitic?n is released at the point of full dome ever.sion._ Theé dofne
also serves to completely contain tlhe high—pressufe gas flow Wthh
C 20 'therefb;re does not come intolcontéct with the tissue. Bec_:ause? the gas is
not released during this delivery operation, the system is inherejrgl"cly quiet.
 This desigﬁ can be used in other enclosed or other wise sensitive
| applications for example, to deliver particles to minimally invasiéve :

surgical sites.

285 _ Particles may be delivered in vivo directly to a sﬁbjec’t, or ek vivo
to cells taken' from a subject, the transformed cells then being
'reimplanted irt the subject. For ;r'n vivo delivery,'particle injection is
typically subcutaneously, epidermally, intradermally, intramucosally {e.g.
nasally, reétally and/or vaginally}, intraperitoneaily, intravenoﬁs[y, orally

a0 or intramuscularly. Preferably, delivery is to ’{erm‘inal!y differentiated



Assays Conparative Expression Assay A suitable test for elenment utility
determ nes the effect the elenent has on expression of a polypeptlde The
basis of conparison for 5 testing utility of the elenents is a 'base
vector', generally (unless otherwi se noted) a plasmd with a hCw pronoter,
hCW exon 1, 9 bases of hCW exon 2,. ghe 51UTR -from HBV preS2 and the
rabbit-J3 gl obi n_pol yadenyl ation regi on,” positioned to drive expression of
a coding C sequence. Typically, the base vector is pJV7384, pJV 7401, pJV

7450 0 0631&1\607@9%3&}'@3{'%@%:4 QEBQJESd@Iﬂ%rgd%EF Rhfrdddagiolr promter

sequences exons sites are swappeé vectors

to create bephrifiRf FFdrORtNREL 88l sUdHSs fst!é]ﬁtdén@adf MabbaHPbsigh fragments
can be tested. The base vectors and test vectors are transforned into

sui tabl e iibratdsstsceMost anefdriolyc deligeryrialtpssidn epidermalpefisi de expressi on
| evels. Preferably mammalian host cells are used. Suitable cells include
manmal i an HEK 293T, CHO Hela, BHK, 3T3 or COS cells. Typically,
functional el enBhe Raftiskes aemEBRIRHhiTA ﬁ@]e@dﬁpﬁﬂmr@ﬁ@mmﬁlmase

t f | t t Pr ef bl
AR R Y e P C AT
codi ng Seq éi%é[@b%:ﬁdwfﬁ%‘Egéﬂa@gmn%l!\%ﬂ%&ﬁ%S A Ol @\ébﬁ@ for exanple,

In Exanpl nparative |nrnunoaeni €Ity say 1 Were

t he pol ypepfﬂedﬂvécanb@uw*pdsfegfeesréssnalpaetrttu!@mmpbgmdwWupgg may be carried
out to’ |dent|fy functional or particularly preferred construct elenents. In

t he assay, suffeieft txbrio mwlteenimerﬁronmﬁua@tloa of eipeanseot sontdtienni ned

after delivery of an expr ion vect,or,to a te
n‘%toms, an \R’IIF Faﬁi in a relatively broad range that can be determined

10 by routine trials. Generally the particles are delivered in an amount of
from 0.001 to 1000ug, more prgférabiy 0.01 fo 10.0ug of nucleic aéid
per .dose. However, the exact amouént n_eces\sa?y Will vary c_iepehding on-
the age and general condition of the individual being tre.ét:ed and the
parﬁicular nucleotide sequence selected, as well as other factors. An

15 appropriate effective ‘amount can he readily de'termined thr?oﬁgh’ clinical
testing. The “Physicians Desk Reference” and ”G_oodmarzl and G;ilman‘s
The Pharn;laco_logical Basis of Therapeutics” are useful for the pﬁrpnse of

determining the amount needed.



organi sm Anti body | evels against the antigen are the easiest way to judge
i nmune response. G oups of mce are vaccinated with the base vectors or
test vectors constructed as above. Sera is collected after an appropriate
anount of tine and anal yzed for antibody |evels. 10 This experiment is
performed tw ce, and the antibody levelgzfrom all the groups in both
experinments are plotted. Functional elenments will give rise to at |east as
high as or higher antibody titres,in both experiments for a particular
antigen than theaha g vector. Preferably, the result will. be seen with nore
t han one antigen nonstrate the 15 breadth of utility of the el enent(s)
in that expression panel. Suitable experinental protocols are provided for
exanpl e, in Exagpepdrdtibe pressiorfpgminent al Bel ow ar e . exanpl es of
specific enbodinments for carrying 20 out the present invention. The
exanples are offered for illustrative purposes only, and are not intended
to limt the scoﬁeswtahlhéew&'@iﬁmeﬂﬁ\k@ﬁtvdﬁtﬁrm!aﬁ?tMpffaE:ﬁftbets have been
made to ensuye accurac esp ct to anpount s,

t enper at ur e§eM@Y has Bﬁte@é‘?@r‘%‘%o ﬁp@?lyﬂﬁm@ber ugae%ﬁ &é\ﬁ‘%@”%ﬂf‘ oul d, of
: h dard PCR
Condi ] ofs ﬁés%@ﬁ?@?’ﬁ@h%f {5 i3, 3, BOCE LB SRl B 1" PR

i on o
core bufferomerﬂv'@éﬁ«ﬂoml@wp(d%mmah% ROMPP 2birdier, Wﬁﬂwwaxoﬁ\'*;) 9 0. 400yM
each of each prinmer, 200pM of each dNTP (1 JSB, Inc, d evel and, oH) , 2.511

Taq pol yner bsses( &f b0y exCor potrat EdﬂlTRl\fhmlhs}eva MEB?2 dndting raﬁlﬁﬂpﬁat e DNA,
water to 1001p1 and.a mneral oil (A drich Chemcal, Inc, .MI|waukee, W)
over | ay. Thalopircpgbmdenylation region, posmoned to drive expression of a coding

( ' sequence. Typically, the base vector is pJV7384, pJV 7401, pJV 7450

10 or pJV 7533. Heterologous introns and 3'UTRs are added, d_r promoter
sequenf:.'esE exons, 5'UTRs and polyA sites are swapped into the base
vectors to create test expressmn Vectors Thus functlonal variants or

- fragments can be tested.

The base vectors and test vectors are transformed into suitéble
18 host cells and the céii&_‘. ana]yéed for polypeptide expression levels.
Preferably mammalian host cells are used. Suitable cells include
mammalian HEK 293T, CHO, HeLa, BHK, 3T3 or COS cells.

Typically, a functional element causes expression which is
comparable 1o the base vector, for example at least the same as or
' 20 greater. Preferably expression is tested in more than one cell type and

with moere than one coding sequence.

" Suitable experimental protocols are provided, for example, in

Examples 1 to 13 below.



C therinocycler (M} Research, Inc, Waltham MA) was programed to. run is
the following routine: 4" @®5C, 30 cycles of (1' @5C 1'15"@5C 1' @720,
10' @2C, 4C hold). The anplification products were renoved fromthe PCR
reaction by using' the Q Aqui ckaPCR Purification Kit (Q agen Inc, Val encia,
CA) prior to cutting with restrictiongnzynmes °-(New Engl and Bi bl abs,
Beverly, MA). is Al PCR products were sequenced after cloning to ensure
fidelity of the anplification., Exanple 1. Construction of hepatitis B

virus surface a@&,rhﬁ %Pati&@ﬁﬁﬁ)ﬂoé‘éﬁmﬁtﬂ%if A nunber of plasnid expression
vectors were c or expression of HBsAg. Starting materials (I)
pWRG/128 (Roy, M. ef.al. Vaccine (2001) 19: 764-778), which contains the

hCW i mredi at e Bi{dry the pobjpiiaie beexprbssdd ksdn afxg8n, hifupthet gssion, and a
partial second exon of the hCW major 25 inmmedi ate early gene, the HBSAg:"

codi ng sequepde vatrteds dunta idgnidyifonstionE\ompaseulrlyTR aferreded sequence and
3" posttranscriptional response 60 el-enent) apnd the bovine grow h hornone
pol yadenyl%ﬂ%WQ@ﬁW“ti-B&ﬁh& agpRY: WM%SQ’E Oh aRHEENE P& FMPNRG7128 t hat

Ce g el bR B YO B B ASILRY BN sl 2TV
with JF93 ) NovehadyRdeld adfinkPHR ahBgbPard Ghe i pgard

conditi ons&ér%?égﬁ)t |Eﬁi’lt h %I I an(ajéBgnHl. tao gi sglrat ee;éﬁss%gé&?yggagnent

cont ai ni ngutige iEvivumps oaspceTse. a@ooupls ahchiparte vatcinbesdxath 2hs éguence. pAMVB

(ATCC, Mannassas, VA) was cut with io BarrtH and BstXl to isolate an insert

fragment tYeRICEDAT feFedqtnes sonstructed as above. Sera is collected af‘ger an

appropriate amount of time and analyzed for antibody levels.

10 This experiment is performed twicé, aﬁd the antibody levels from
all the groups in both experiments are plotted. Functional elements will
give rise to at least as high as or higher antibbdy titres in both _
experiments for a particular antigen than the base vector. Preferably, the
result will be seen with more than one antigen to demonstrate the

15 breadth of utility of the element(s) in that expression panel.

Suitable experimental protocols are provided for example, in

Example 14 below.

C..  Experimental

Below are examples of specific embodiments for carrying
20 out the present invention. The examples are offered for illustrative
purposes only, and are not intended to limit the scope of the present

invention in any way.

'Efforts have been made to ensure accuracy with respect to
numbers used {e.g., amounts, temperatures, etc.}, but some

25 experimental error and deviation should, of course, be allowed for.



UTR of HBsAg, and roughly 70% of the HBsSAg codi ng region. pJV7284 was cut
with Sall and BstXl to generate a vector fragnment into which the two insert
fragments were ligated, resulting in pJV7293. pWRG/128 was PCR d with
primers GM (SEQ ID NO 17) and. is JF254 (SEQ ID NO 18) and cut with BstX
and Bgl2 to isolate an insert fragnment @at contained the 3'-end of the
HBsAg codi ng region. pJV7293 was cut- with*Bst Xl and Bgl2 to generate a
vector- fragnment into which the insert fragnent was |igated, resulting in
vector pJVv7384. ME%I&)&S 382 (CW(no intron), HBsAg 3'UTR, HBV preS2 5' UTR
zo and RBGpA) pJ s cut with Xhol- and Xbal to generate an insert
fragment containing the CW pronoterl exons and the 5 -UTRwith 5 - end of

t he HBsAg codi ng Segdars PCROBEA G was cut with Xbal and Bcll to generate
an insert fragment containing the maority of the HBsAg 2H codi ng sequence -
and the 3'-UTR pJV7284 was out with Xhol and Bgl2 to generate a vector
fragment into whiTe stendard ROR eonditfenyesad fawthe congtanatibn obvettarag i n
pJVv7382. J 61 (cl pJdVv7389 (CW (RIA); HBsAgFg UTR, HBV preS2.5' UTRand
RBGpA) The ryerg ﬁ%JP'il%WiSntTP‘oPnCﬁ C(W,QUWSWIE’ G‘MLMQQ{‘Z Hﬁ’&mﬁ%‘ p5' rlns

| oo 20) . S i meetio D Maes Wl bRt e tcPactCinsh Ziogtror
BamH . | i neardgedy W%ﬁ’s?a ah%s@xé\»érsna nomwggstxqbo%w 8¢ (Prale HBY

preS2 5' UTR and RB was out Ww'th to ge erate an

insert C fragmmmraﬁ@m,t Maraism twe) 3 .Oangltehpldhe DBa Agvatedtand 00z &d .and
RBGA. 10 pJVi389 was cut with Bst Xl and FcoRl to generate a vector
f r agnment mmerai oil {Aldrich Chemical, Inc, Mllwaukee Wi overlay The PTC-200

( : thermocycler {MJ Research, Inc, Waltham MA] was programmed to run
10. the followmg routine: 4'@95°C, 30 cycles of (1'@95°C/ 1" 15"@55"0/
1 @72 C), 10'@72°C, 4°C hold) The ampliflcatlon products were
-rempved from the PCR reaction by usmg “the QlAquickaPCR Purification
Kit fQiagen Inc, Valencia, CA) prior to cutting with réstrictiqn enz'ymes
'(Ne\_éN E.ngland Bi’olabs, Beverly, MA).

18 All PCR products were sequenced after clonlng 1o ensure fidelity of

the ampilflcatlon

Example 1. Consftruction of hepatitis B virus surface antigen

Q _ {HBsAg) vector panels

A number of plasmid expression vectors were constructed for

20 expression of HBsAg.

Starting materials

() PWRG7128 (Roy, M, et.al. Vaccine (2001) 19: 764-778),
which contains the hCMV immediate early promoter sequénce, the first
' exon, first intron, and a partial second exon of the hCMV major
25 immediate early gené, the HBsAg coding sequence with ﬁankingl regions {

HBV preS2 5'UTR derived sequence and 3° postiranscriptional response



into which the insert fragnent was ligated, resulting in pJV7387. Exanple
2. Construction of herpes sinplex virus glycoprotein D antigen (HSWV D)
vect or panels A nunber of plasnm d expression vectors were constructed for

I s expression of HSVgb. Starting materials C. (a) pJV7334, a derivative of
PWRG/284 (pJV 7284) that replaces the SAg. codi ng sequence with an

I n-franme Nhel directl'y downstream of the ATG start codon, followed by a
stuffer fragnent with a BanHl 20.inmediately 5 of the HBV Enh (b) pWRG/202

, a derivat Z (Pr a nt. that allows the
fusion of aé[%:{@gﬂﬁggﬁgﬁ%nb(gef [?%E%ﬂl’ t%hanﬂangfplsbaﬂag&eﬂ étr‘f?‘n”g%@ﬁhactivator (TPA)
si gnal peptmm streamof a Mel site. 25 62 (a) pJV7392(CW(native

i ntron), HBsAg 3' UTR, HBsAg 5' UTR and RBG A The coding region for HSV2 gD
was PCR d out of a viral DNA stock (Advanced Bi otech, [no, Colunbia, M)
usi ng priners DSii} pJOIFRS4S, 4 QeNCatlls oa@wmmmdt@m&@eﬁm radbitcut with
Nhel and EcoRl1 to generate an insert. fragnment..pWRG/202 was cut with Nhel
and EcoR i glajun@cdyadenyetienregiradiBRPAlios BikifeA.t he . insert fragnent was
|igated, resulting in pJV7391 pJV7391 ‘was out with Nnel and Bgl2 to
generate an |nse(
pJV7334 Was out

the insert fra ey L) I\}Vggtﬁﬂq dr\ﬁ&Hl pg%%95\4@?9??}53%%1#6:&%000%| sts

of the follow ng expr eSS| on el enents: earl
ID NO:186} using standard cond[tlons and cut with Sa/1 and BamH1 to

isolate an insert fragment containing’ the CMV promoter, ekon’ 1 and part

of the exon 2 sequence. pAMG (ATCC, Mannassas, VA} was cut with | '{""";.
10 BamH1 and BstX1 to isolare an insert fragment ‘rhat'contained the 5'-

UTR of HBsAg, and roughly 70% of theHBsAg coding reg:ion pJV7284

was' c:ut with Sa/l and BstX1 to generate a vector fragment m’co which

: 'the two insert fragments were hgated resultlng in pJV7293

pWRG7128 was PCR’d with primers GW1 {SEQ ID NO:17) and
rs JF254 {SEQ ID NO:18} and cut with Bsz‘X-1 a_nd Bgl2 to iselate an insert
fragment that contained the 3'-end of the HBsAg coding rééion
pJV7293 was cut with BstX1 and Bg!2 to generate a vector fragment

lnto which the |nsert fragment was llgated resultmg in vector pJV7384.

_ (bl pJV7382 (CMV{no intron), HBsAg 3'UTR, HBV preS2 5'UTR -
. 20 and RBGpA) | |

pJV7293 was cut with Xho1 and Xbal to generate an insert
fragment containing the CMV promoter/exons and the 5’ UTR Wlth B'-
end of the HBsAg coding sequence. pWRG7128 was cut Wlth Xbal and
Bei1 to generate an insert fragment containing the majorit_yf of the HBsAg
25 coding sequence and the 3"-UTR. pJV7284 was cut with Xho1 and Bgi2
to generate a vectar fragment into which the two insert fragments were

ligated, resulting in pJV7382,



pronoter sequence, the first exon, first intron, and a partial second axon
15 of the hCW nmjor immedi ate early gene, the 5 -UTR from HBsAg, the

“codi ng sequence for HSV2 gD gene, the 3'-UTR from HBsAg, and RBGA. (b)
pJV7399 (CW(no intron). HBsAg 3'UTR HBsAg 5"UTR and RBGpA) 20 An

i ntronl ess version of pJV7392 was cons uct ed as follows. pJV7384 was cut
with Hndi and Ndel to isolate an insert fragnent containing the 5 ends of
the kananycin resi stance gene and the CW pronoter. pJV7384 was cut -wth
Ndel and Sspl to > 6 . 35 end of the
CW pronoter, t C . e s ol SAg. These
insert frag@eapa)were |nserted |nto pJV7392 from whi ch t he H| ndi - Sspl
fragnent was renoved, resulting in pJV7399. 63 (3) pJV7400 (CW(RIA),
HBsAg 3' UTR, HBsAc 5 UTR and RBG A A RI A version of pJV7392 was constructed
as follows. pJV7Bed ravisutintnimbn A kRiAdi wasPORldl outoof slekatid ph'rlimser t

f ragnment cont aining s the 5 ends of the kanarrty_)((;l n resistance %ene and CwW
promoter, (BDkmewN arging withiprimegdd Vel Gafp@ IDONG;:$8) and KiRGMERR@ fragnent

cont ai ni ng of pr.o exonl / ial), RA
and 5 ehd I@hﬁphgogn%ﬁ’lgééhm%%%as ?Hﬁ%ﬂ? %EQ%/V AL RSRE %8 i nserted
into pJV73 t it t . 10 renoved, resulting
in pJv74oo%?a(ﬁ§{qmﬁm4{8£d %@% nt ror’mr)1d TRIXT %8R and RBGPA) A

3' -UTR.Jess version of pJV7399 was constructed as. follows. pJV7391 was cut
with Bspl201 anddB@X/TL'SBT SOMAL (RN, HBRLpteS2 &U‘Emand RBGpPA) -

pJV7384 was cut with BstX1 and EcoR1 to generate an insert
C— fragment containing the 3" end of the HBsAg coding region and'RBGpA.
10 pJV7389 was cut with BseX1 and EeoR’I to generate a vector fragment
- into which the insert fragment was ligated, resulting in pJV7387. |

Example 2. Construction of herpes simplex virus glycoprotein D antigen -

(HSVaD) vector panels

-

A number of plasmid expression vectors were constructed for

18 expression of HSVgD.

, Starting materials

( . " {a) pJV7334 a derivative‘ of pWRG7284 (pJV 7284} that replaees
the HBsAg coding sequence with an in-frame Nhe1 directly downstream
of the ATG start codon, followed by a stuffer fragment Wlth a BamH‘[

20 . immediately 5’ of the HBV Enh

(b} PWRG7202 , a derivative of pGem3Z (Promega} with a stuifer
fragment that allows the fusion of a coding sequence to the human
tissue plasminogen activator {TPA) signal peptide downstream of a Nhel

site.

25



containing the 3" and of the HSV2 gD gene. pJV7284 was' out with Bgl2 is and
EcoRl1 to isolate the RBGA signal. These insert fragnents were inserted
into pJV7399 from which the Bspl 201- EcoRl fragnment was renoved, resulting
in pJVv7401. (e) pJVvr7402 (CW(RIA), HBsAg 5 UTR and RBGA) A 3' -UTR-Jess
version of pJV7400 was constructed as gollows. 20 pJV7391 was cut with Bspi
201 and Bgl2 to isolate an insert fragment containing the 3' end of the
HSV2 gD gene. pJV7284 was; cut with Bgl2 and EcoRl to i sol ate the RBGPA
signal .. These ipnse ZYafpes) ¢ . 4 . éc t he Bsp
1 201-Eco R 1 f s s A le 3.
ConstructlpBGEh)Fl u M2 antigen vector panel S (a) PJV7450 (CM/( no intron),
HBsAq 5' RBGrA) A coding region for Flu M was PCR d out of plasmd
pFL- M2 (Joel Haynes, PJV) using prinmers JF30.1 (SEQ ID NO 23) and JF302 5
(SEQ I D NO 24) &he coaling méginntfor N¥/2 ghdwBglPCR4Gl genef at géralrDNAsert .

fragment. pJV7401 was cut with Mel and 9912 to generate a _vector fragnment
into whi chstork (Pevapced Bigirait InasCriugabiad MPeusing prgmiers DRIV BEQ  paVv7452

bR d ot 1 NRHOF50 ﬁ%@?ﬂ”ﬁ%ﬁ@@g@% i R@sﬁsaoe?’nft%@eir%%i% .
i th Bos 1§ dRadtety aRised ftaoknt SVAATE0T burk D WATNASE T s Thon

out with BgisRpre telévte@wrsm@menﬁmtbmmh i gt fregmemtrwag the
3" UTR of HBsAg and the RB®Aregion. pJV7450 was out wth Bgl2and EcoRl to

gener ate dligatedt msdhnagmmﬂ\ﬁ?ﬁ&ﬂ which the insert: fragrrent was | i gated,
resul'ting in

pJV7391 was cut with Mhel and Bgl2 to generate an insert ‘ f ;
10 fragment containing the HSV2 gD coding sequence. pJV7334 was cut
with Nhe_‘l; and BamH1 to generate a vector fragment into which the
insert fragment was ligated, resulting in pJV7392. This vector consists
of the fellewing expresston elemen{S' the hCMV immediate early
- promoter sequence the first exon, first intron, and a partial second exon
15 of the hCMV major lmmedlate early gene, the 5-UTR from HBsAg, the
‘coding sequence for HSV2 gD gene, the 3°-UTR from HBsAg, and
 RBGpA. '

{b) pJV7399 (CMV(no lntron) HBsAg 3'UTR HBsAg 5’ UTR and
REGpA) . . (i

20 * An intronless version of pJV7392 was constructed as foll'owe_.
p.jV7384 was cut with Hind3 and Nde1 to isolate an insert fra_gment
containing the 5 ends of the kanamycin resistance gene and the CMV
eromoter. pJV7384 was cut with Ndel and Ssp1 to isolate an insert
fragment containing the 3’ end of the CMV promoter, the CMV exon1/2

25 and 5' end of the 5’-UTR from HBsAg. These insert fragments were
inserted into pJV7392 from which the Hind3-Ssp1 fragment was
removed, resulting in pJV7399



pJV7452 Sc) pJVv7458 (CW(RIA) HBsAg 5 UTR and RBGPA) 20 A version of
pJV7450 containing the. RIA was constructed as follows: pJV7389 was cut with
BanH to isolate a RIA containing insert fragnent. pJV7450 was cut with
BanHl to generate a vector fragnent into which the insert fragnment was
ligated, resulting in pJV7458. 65. (d) /JV7468 (CW(RI A), HBsAg 3' UTR, HBsAg
5'UTR and RBG&A) A version of pJV7458 containtng the 3' UTR of HBsSAg was
constructed as foll ows: pJV7452 vvas cUt with Bgl2 and EcCoRl to 5 produce an
i nsert fragment 1o ._R/ . : 4%% was'cut with
Bgl2 and EcoRl tv-genetrs 3 i et-thernsert fragnent
was | i gat edrpr lting in pJV7468 Exam ne 4. Constructl on of Beta-gal

vect or pane1_sié.‘g’;?;1i§1 pJVv7488 (CW(no intron), HBsAg 3' UTR, HBsAg 5' UTR and 1o
RBGpA) CW-beta (Cl ontech) was RCRed with priners JF335.(SEQ ID NO 27) and
JF336 (SEQ | D NCQAZR)A srckicmtofw SV 362 wandolgtdcted as &sllave, ai/7A84rt
fragnment coding for beta-gal actosi dase. pJV7452.was cut with Nhel and Bgl2
t o gener at ew@s\adt withi Hingivennd ided %Is@ﬂﬁtﬁr?é‘ msernFagmentapnsainingas | i gat ed,

Lﬁi?h_tsb”?\,aﬁeﬁéw“ﬁﬁ s EmEnRIRI ST 8 Ge e 2ne (Y, Brenptetgmont
cont ai i ng 41 B8GN AL YTARA 631 YISl FRORLhggner ate a

vect or frag nto whi ch the 1nsert agnment was | resul ting

in pJV7533. c&ﬁt)atrﬂdﬂﬁélﬁ ‘CAAY BF AWAITNTY, prioBsaAer BfHéTBwaH%s(Ag152MER@nd RBGHA)
RIA, and 5’ end of the 5’-UTR from HBsAg, These lnsert fragments were

‘inserted into pJV7392 from which the Hind3-Ssp1 fragment was
( - 10 removed, resulting in pJV7400.

(d} pdV7401 (CMV{no intron}, HBsAg 5'UTR and RBGpA)

A 3'—UTR—Iess versic_)e of pJV7399 was constructed _as.f-ollowsl._
pJV7391 was cut with Bsp120| and Bg/2 to isolate an insert fragment
containing the 3’ end of the HSV2 gb gene. pJV7284 WaSé cut with Bglz

15 and EcoRE'I to isolate the RBGpA signal. These insert fragm'ents .were
inserted mto pJV7399 from which the Bsp120l-EcoR1 fragment was
removed, resu{tmg in pJV7401

. {e) pJV7402 (CMV(RIA}, HBsAg 5'UTR and RBGpA}

- A 3"-UTR-less version of pJV7400 was constructed fas fellows_.

20 pJV7391 was cut with Bsp120i and Bgi2 to isolate an insert fragment
containing the 3' end of the HSV2 gD gene. pJV7284 was cut with Bgl2
and EceFi;1 to isclate the RBGpA signal. These insert fr-agr.nfentsjwere
ligated into pJV 7400 from which the Bsp120l-EcoR1 fragtﬁent was
removed, resulting in pJV7402. ..



pJV7530 (see. Exanple 5) was cut with Xhol and BanHl to isolate an insert
fragnment containing the CW pronoter through RIA as pJV7488 was out with
Xhol and BanHl to generate a vector fragnment into which the insert fragnent
. was ligated, resulting in pJV7551. 66 (d) pJV7552(CW(RI Al Nhel ) HBsAgq 5' UTR
and RBGpA) pJV7530 was out with Xhol ganpd BanH to isolate an insert
fragment containing the CW pronpter through RIA pJV7533 was cut with Xhol
and BanHl to generate a vector fragnment into which the 5 insert fragment was
ligated, resultg ' onstruction of pJV Expression
(pJV7563) (a) PRAATepr PS8y 15 RIS (SEQ | D NO 29)
and JF365 (SEQ ID NGO 30), treated with T4 DNA pol ynerase to blunt-the So

ends, and out \\/x% ng45GSCW<E@@,t%)i H%%m\t‘g 5@%@%&9 for kananycin
resi stance. pJ W val, treated w pol ynmerase to
blunt the ends, and out with Sall to isolate a vector fragnment into which

the insert fragAemidingsegionatcordiuMegulas PCR'G oun B H96mid ?FL"MZDJV?%O
pJV7389 was PCR d with priners JF393 l(:SE .1 D NO 31) and F406 (SEQ I D
NO 32) andiJoet HalynasB3d¥) asthgBarimers B4 BES) 4A NOs2B)tand JEGREBnt cont ai ni ng

the RIA deyoid of .nt | Nhel .site. . pJV749 t with BamH t

pr gp;’i: AR eyls “1;6%941‘9?1?” ecg WH%CW?}“E%;M@ el Borts GragrRREn SOl oa EE, |

resu I N . . CO 0

i sol ate gnﬁ{g%@é’ﬁ' 8%53@1%@%%"&3‘?’# n/g%\'ﬁ%g\é’a?%lgﬁo W%}ﬁggﬂ?@ggm pJV7530

was cut  WrhgmgaRihtoditidis o inderPfreBAchtav S fhated, MRGORING WNt O whi ch the
pJV7450. ' | - |

'(e

{b) pJV7452 (CMV(na intron], HBsAg 3’UTR, HBsAg 5'UTR and
10 RBGpA)}

A 3'UTR fragment was PCR’d out of pJV7389 with pfimers JF84

(SEQ'ID NO:25) and JF225 (SEQ ID NO:26) was cut with Bsp120), filled
with T4, DNA polymerase, ahd linkered with Bg/l2 linkers {cajc# 1036,
New Engl_and Bio[ébs). The fragment was then cut with Bgl? and FcoR1

15 16 isolate an insert fragment containing the 3'UTR of HBéAé and the
RBGpA region. pJV7450 was cut with Bg/2 and EcoR1 to gjéherate a
vector fragment into which the insert fragment was Iigéted,g resul;ting in
pJV7452- | | |

(c) pJV7458 (CMV(RIA) HBsAg 5" UTR and RBGpA)

20 A version of pJV7450 containing the RIA was constructed as
- follows: pJV7389 was cut with BamH1 to isolate a RIA corjtaining insert
" fragment. pJVY7450 was cut with BamH1 to generate'a vector fragment

into which the insert fragment was ligated, resulting in pJV?458.



25 insert fragnent was ligated, resulting in pJV7549. 67 (d) pJV7563
Primers JF256 (SEQ I D NO 33) and JF257 (SEQ I D NO 34) were annealed to
prepare an insert fragnment consisting of a multiple cloning site. pJV7549
was cut Nhel and Bgl2 to prepare a vector fragnent into 5 which the insert
fragnent was ligated, resulting in pJ 3. A pJV7563 plasmid nmap is
provided in Figure 12.. The base conposi ion for the pJV7563 plasmd is
provi-ded in Figure 13. "The conponents and the|r p05|t|on in the plasmd.
pJV7563 are as f,Q I- G 3 0 Kananycin
resi stance codi Rg-Sedere-From - Transposoh R4 #sposon '903 '
sequences F@g%ggz SaII site 903 1587 cw prom)ter 15 1588 1718 untransl at ed
| eader seq romthe i mediate-early gene of CW 1719-1724. Fusion of
BanHl and Bgll| restriction enzymes 1725-1857 Rat insulin intros A

185. 8- 1863 BanHlA sictsioR0b 18047498 4drByininy tiae 8 UMRigeMBSAg wasr ansl at ed

| eader 1985-1993 Synthetic start codon/ Nhel cloning site 1994-2011

Synt heti c @D@ﬁtfm@t@g wssfolons: 2EAF 495/ veathant whitheBg/2aad £2689 1@ d vect or

sequence i ts agai nst_ NCBI dat apases 6] bbi t gl obi n
pol yaderfy! &E‘PQHC? 84 1R DeEa98285 CRUINghe gﬁ@%é&??e and R éPA
pJV7458 was cut with Bg/2 and EcoR1 to generate a vector fragment

into which the insert fragment was ligated, Eésu!ting'in pJV7468.

Example 4. Construction of Beta-~gal vector panels

C | _ (a) pJV7488 (CMVi(no intron), HBsAg S’UTR, HBsAg 5'UTR and
10 RBGpA) ' |
CMV-beta (Clontech) was PCRed with primers JF335 {SEQ ID |
- NO:27) and JF336 (SEQ ID NO:ZS} and cut with Nhel and Bg/2 to
isolate an insert fi'agmeht coding for beta-galactosidase. pJV7452.WaS

cut with Nheland Bgl2 to generate.a vector fragment into which the

15 insértfr_agrhent was ligated, resulting in pJV7488. _ -

(b) pJV7533 (CMV(no intron), HBsAg 5'UTR and RBGpA)

C pJV7450 was cut with Bg/2 and EcoR1 to isolate an insert
fragment containing the RBGpA. pJV7488 was’cut with Bgl2 and £coR1
to generate a vector fragment into which the msert fragment was ligated,

20 resulting in pJV7533

{¢) pJV7551(CMV(RIA/NAe]), HBsAg 3'UTR, HBsAg 5'UTR and
RBGpA) | | |

pJV7530 (see Example 5) was cut with Xho1 and BamH1 to
isolate an insert fragment containing the CMV promoter through RIA.
25 pJV7488 was cut with Xho1 and BamH1 to generate a vector fragment

into which the insert fragment was ligated, resulting in pJV7551.



Exanpl e 6. Construction of Signal Peptide Expression Panels using 5 Human
Secreted Al kal i ne Phosphatse (SEAP) and Human 1gG Fe Fragnent (hFc) as
Model Antigens (1) PJV7507 (hTPAsp and SEAP) pSEAP-Basic (C ontech) was
PCRd with primers JF320 (SEQ ID NG 35) and JF321 (SEQ I D NG 36) then cut
with Nhel and Bgl2 to, io isolate an insert fragment consisting of the
human SEAPRfragment. pJV7079 (Macklin, .et.al.) was cut with Nhel and Bgl2 to
prepare a- vector fragment into which tHe insert fragnment was |igated,
resulting in pJVr7507. lii) PIJV7508 (hTPAsp and hFc) 15 Hunan DNA was PCR d
with prinmers JF388 E (SEQ | D NO 38) .then cut wi'th
Nhel and Bgl2 t o244y 4P82iaMVig > &R and RB@PAL he hunan 1 gG Fc
fragnent. pJV7079 was cut wth Nhel and Bgl2 to prepare a vector fragnent
into which the | f.ra ng . hgat | ti in pJVr508. 20 (iii)
Preparati on of hgﬁq%nq Wﬁ%ﬁ%’@@%ﬂ’@%ﬁ?ﬁﬁ@&&%ﬂ%@ a Wﬁqﬁgti c oligo
JF354 (SE ' i ( and JF356
(SE0 1D MO B T & P e arou R PR B0 RN 1 gna
peptide. 2%wift® XHovandPBapeld dttoogerafrafEobaectoBrbgnsin iSicondliciPems | de Codi ng
Sequence Synthetic oligo JF348 (SEQ ID NO.42) was PCRd with prinmers JF349
( SEQ | D sNOInE®yt friagrrrgsoas Seated neeuiing ingp Héhrebate the 5 codi ng sequence
for the tobacco extensin signal peptide, (v) -Preparation of Chicken

Lysozyme Signal E?{gmdlg%.c&)gt%socﬁ_lctisoenqg\@gﬁe Expression {pJV7563)

{a} pJV7496

pJV7389 was PCR'd with primers JF357 (SEQ ID NO:29)and (|
JF3685 {SEQ ID NO: 30), treated with "I"_4‘DNA poiymerase to blunt the - ‘
10 ends, and cut with Sa/l to isolate an insert fragment coding for
kanar;nycin resistance. pJV7389 was cut witH Avai, treated with T4
' DNA polymerése to blunt the ends, and cut with Sa/1 to isolate a.vector
fragment into which the insert fraément was ligated, resultihg in

pJV7496.

s (b} pJV7530

pJV7389 was PCR’d with primers JF393 (SEQ ID NO:31) and
© JF406 (SEQ ID NO:32} and cut with Bg/2 and BamH1 to isolate an insert ("
| fragment containing the RIA devoid of an internal AheT site. pJV;MéS
was cut with BamH1 to prepare a vector fra'gment into V\;'hic::h the in'sert

20 - fragment was ligated, resulting in pJV7530.

{c) pJV7549

pJV7468 was cut with BamH1 and EcoR5 to isolate an insert
fragment containir}g M2 and part of the HBV 3’ENH. pJV753O was cut
with BamH1 and EcoR5 to prepare a' vector fragment into which the’

25 insert fragment was ligated, resulting in pJV7549.



Synthetic oligo JF351 (SEQ ID NO 45) was PCRd with primers JF352 (SEQ ID
NG 46) and JF353 (SEQ I D NO 47) to generate the io coding sequence for'the
chi cken | ysozyne signal peptide. (a) Flu M2 antigen signal poptide panels
pJV7499 (CW(no intron), HBsAg5' UTR, RBGA. aprotihin s.p.) pJVv7497 (CW(no
intron), HBsSAg5' UTR, RBGpA, tobacco extensin s.p.) is PJV7500 (CW(no
intron), HBsSAgE UTR, RBG&A; chicken I§§03yne s:p.) Coding sequences for the
signal peptides were cut with Spel and Nnhel to isolate insert fragnents.
pJV7450 was cut with Nhel to prepare a vector fragnment into which the

i nsert fragment $dhed¥75i6Fat ed, resulting 20 in pJV7499 (aprotinin), pJV7497
(tobacco extensin), and pJV/7/500 (chicken lysozyne). (b) SEAP signal peptide

(W o’ nt ron) PG Sk kR N CEdahaty J2E 8RB NGB vhirt o 07510
(GwW(no i n%hﬂ@éied%?@%%%néﬁg%ﬁaﬂgﬁ#San?igﬁﬁﬁ%}f@nﬁJlBF?e QNGRS 7497,

and 7500 were out w I'sO e“an 1 nsert fraghent

consi sti ng s@k, b9 7849 wmtewhémraamb%zﬁ% pééfdrg@%eﬁ%mﬁﬁn@minw sequence
ol an

of the plasmds. PJV7507 was cut with Nhel to prepare a vector

f ragments i nittichtithelingdre fraypeent wasdirated sreseifting irgpti¥d@haFRsll ting in pJV7513
(aprotinin), pJV/512 (tobacco extensin), and pJV7510 (chicken |ysozyne).

(c) hFc si gaM73Sepplagaigdnapds P@ow§W5QEIQ@M£o Tihat basy COPBOAFOIUTR, RBGDA,

aprotinin ?{'letl‘?e pJV7563 plasmid is provided in Figure 13. The components and
their position in the plasmid pJV7563 are as follows: ‘

( 1-44 Transposon 903 sequences

10 45-860 Kanamycin resistance coding sequenée from

- Transposon 903
861-896 Transposon 903 seqUenceé
897-902 Sal1 site
| 903--1 587 CMV promoter

15 - 1688-1718 untranslated leader sequence from the immediate-early
- gene of CMV o

1719-1724 Fusion of BamH1 and Blll restriction enzymes
1725-1857 Rat insulin intron A |
1858-1863 BamH1 site

20 . 1864-1 984 HBV surface antigen 5'- uniranslated Ileader
1985-1993_Synthetic start codon/ Nhe1 c!oning site
1994-201 1. Synthetic cloning sites

2012-2544 HBV enhancer .




pJV7525 (CW(no intron), HBsAg5' UTR, RBGpA, tobacco extensin s.p.) pJV7526
(CW(no intron), HBsAg5' UTR,' RB&GA, chicken |ysosyne signal peptide)
pJV7499, 7497, and 7500 were out with Xhol and Nhel to isolate an insert
fragnent consisting of the CW pronoter through the signal peptide coding
sequence of the plasm ds. pJV7508 was out with Xhol and. Nhel to prepare a
vector fragnent into which the insert,ﬁﬁragnents-mere |igated, resulting in
pJV7524 (aprotinin), pJV7525 20 (tobacco extensin), and pJV7526 (chicken
| ysozyme). Exanple 7. Construction of Human Secreted Al kaline Phosphat.ase
(SEAP) panel s ?ﬁﬁ%ﬁ%éél@d}mﬁ@r sertysIerE, Napaity sgairrt NGhdatebaseken

)

lysosyne s.p.) 25 pJV751 0 was cut with Sall and Bgl2 to isolate an insert

fragment cont ai,qi romot er. t hrqugh |ysazyne signal peptide.
pJV7450 71 vvasbgé{%’gabg% %Pﬁalﬁ%%@??m(%aégﬂ%’?\é?goé rg8or fragnent into
which the ‘insert fragnment was ligated, resulting in pJV7531. (b) pJV7554
(CW(RI A/ Nhel ), AgS; CﬁEé;Qé i@iﬁfé ysosyne s.p.) s pJV7/530 was cut
wi t h Xhol -and Bglé I iﬁlgl_?f.la e ancﬁr}ser nP!Pagnent cont ai ni ng the CW
pronoter through RIA. pJV7531. was cut withXhol and BanH to generate a
vector fragment Ekatdlave. dhdhRictiors6f Bidi-R@apfle W rbidah FnelLoshly Ng in
pJV7554. (c) pJV7568 (CwW(no 1nifon), HBSAg 3" UTR HBSAQS UIR, 10 RB(3pA,
chi cken sl yblogyare Secreited piivEREGS Paspbats ewiSER @] Hothdrc i@ Fto i sol ate an

insert fragnment containing the HBV 3'-UTR and RBGPA. pJV7531 was cut with
Fragment {hFc) as Model Antigens " )

{i} pJV7507 (hTPAsp and SEAP) -

pSEAP-Basic (Clontech) was PCR'd with primers JF320 (SEQ ID
NO:35) and JF321 (SEQ ID NO:36} then Icut with Nhe' énd Bgl2 1o
10 isolate an in_sert fragment c_:on?sistiné af the human SEAPifragrﬁent.
pJV7079 (Macklin, et.al.) was cut with Ahel and Bgl2 to prepare a
vector fragment into which the insert fragment was Iigatée'd, res'uiﬁng in
pJV7507. | |

(i) pJV7508 (hTPAsp and hFc)

TR Humén DNA was PCR'd with primeré JF386 (SEQ 1D NO:S?) and
FGAS (SEQ ID NO:38) then cut with Ahe1 and Bgi2 to isolate an insert
fragment'.consisting of the hl.if’ﬂah laG Fe ffagm;ent. pJV?O?Q was cut
with Nh91 and Bg/2 to prepare a vector fragment into w:hich the insert

fragment was ligated, resulting in pJV7508.

20 {iii} Preparation of Aprotinin Signal Peptide Coding Sequence

Synthetic oligo JF354 (SEQ ID NO:39) was PCR’d with primers
JF355 (SEQ ID NO:40} and JF356 (SEQ ID NO:41) to generate the

" coding sequence for the aprotinin signal peptide.

25



8gl 2 and EcoRl to generate a vector fragnent into which the insert fragnent
was ligated, resulting in pJV7568. ~s (d) pJV7572 (CW(RI A/ Nhel ), HBsAg

3' UTR, HBsAg5' UTR, RBGpA, chicken lysosynme s.p,) C pJV7563 was cut with
Bgl2 and EcoR to isolate an insert fragment containing the HBV 3' UTR and
RBGrA. pJV7554 was 'cut with Bgl2 and ECOR to generate a vector fragnent
into which the insert 20 fragnent was I@%ated resulting in pJV7572" Exanple
8. Construction of Beta-gal and HBsAgVéctors Usi ng the Chicken Keratin and
Chi cken Cardi ac Acti’n Introns (a) pJV/557 (Beta gal CNV(cA intron),

HBsAg3' UTR,  HBshyhPremratgnpidabhaces repriansSpRAl Kas D@ith priners.
JF430 (SEQ LD NGO 48) and JF442 (SEQ ID NO-.49) and cut MAth Bgl 2 and BanH
to isolate ©8 hsert fragment consisting of the intron and flanking exon
sequences from chicken cardiac actin. pJV7488 was cut with BanHl to prepare

a vector fragne A gl ulting in
pJV7557. 5 (h) p%'aﬁ‘é%‘fb(@??%b’éﬁ?% g{%q[& It 1r’%’nﬁutd %d ﬁﬁﬁfagﬂmﬁ?Agb UTR
and RBGA) (HB4d¢8FEDND Wi:420RM Y350 ASETRIS NIR42] 1o ((PRerdte iNg@ 50) and
JF444 (SEQ I D NG 51)and cut with Bgl2 and BanH to isolate an insert

f r agnment s carlisgiseguehcetfer ithe tobacowexiemski signekpapseguences fromthe 1o
chicken keratin gene. pJV7488 was out with BanHl to prepare a vector

fragnent into WhICh the |nser ) resultln in pJVvr558.
(c) PIV7578 (Hesh agtiderfrodingd RBGA)
Seguence-
- ~ Synthetic ofigo JF351 (SEQ 1D NO:45) was PCR'd with pririers |

- JF352 (SEQ 1D NO:48) and JF353 (SEQ ID NO:47) to generate the

10 codmg sequence for'the chtcken lysozyme signal peptlde

{a) Flu M2 antigen signal paptide nanels

pJV7489 ({CMV(no intron), HBsAg5'UTR, RBGpA. appotihin s.b.)

pJV7497 (CMV(no intron}, HBsAg5'UTR, RBGpA, tobacco

extensin s.p.)

15 ~ PJV7500 (CMV(no mtron) HBsAgE UTR RBGpA chlcken

_ [ysosyme s.p.)

Coding; sequences for the s-igr}ai péptidés \}vere cut with Spel and
Nhel to is'olate'inse}t fragménts. pJV7450 was cut witl‘_{ Nhel to prep-are
. a vector fragment into which the ihsert fragments Were [igated, r_esuiting' '
20 in pJV7499 {aprotinin), pdV7497 (toba;:co extensin}, and pJV7500

(chicken lysozyme}.

{b} SEAP signal peptide panels
pJV7513 (CMV(no intron}, HBsAg5'UTR, RBGpA, aprotinin s.p.)

pJV7512 (CMV(no intron), HBsAgE'UTR, RBGpA, tobacco

25 extensin sp.)



15 pJV7557 was out with Sall and BanH to isolate an insert fragnent
consisting of the CW pronoter through intron regions. pJV7496 was out with
Sall and SanmH to .prepare a vector fragnment into which the insert fragnent
was |ligated, resulting in pJVr558. (d) pJV7579 (HBsAq, CW(cK intron),
HBsAg3' UTR, HBsAg5' UTR 20 and RB&XA) BJV?558 was out with Sall and BanH to
isolate an insert fragnment consisti ng. of the CW pronoter through intron
regions. pJV7496 was cut with Sall and BanH. to prepare a vector fragment

Exanpl o 6. | n WA KLFPRVERrR: HERRER L aERAGed. PRl “Veci or panel s

On day on (LATCC) or 616 (origin unknown, versions- avail able at
- ATCCO) cel ﬁgsd\%&ﬁ BF@ ed on 6 well tissue culture plates at 20- 5°40%
confluency, and allowed to grow overnight in an incubator.. The.host cells

ver e propagat e, jy748di 3409¢ eRHETSIEU viyre JECH AN XBBY AW NHeRE:dt ransf ection

reaction was performed. For each. vector to be tested, 20pl of Lipofectin(r)
re agent (itolbte rdhsat dragraehinconsistig afdhe SIMvdprovptearthrauigtedhé o 180pl of
Optimen(r) nedia (Lif e 10 Technol ogies, Gand |s|land, NY), and allowed to
i ncubat & Aignaqraptidengeding HesURBFe £5 the mMiewsidssiJ\6abH7 weas ext vdtibe t est ed,

2/ 1g of } xed into 200 f_ Opti t 40 ninutes. At 45
ot s, XHET splciaf! TRprePyd Sepbi yaBetl Fonokiin g R roget her and
oed oo . Jt 1 o . e

thi i nai oy Pen® el MEGTRGSutng kT S tbiaAh), STTEYRE. Che

i ncubat or (edishcotesiedsind aad W MY B0 i¢rioken [yRtyme)At 10 minutes, 1.6n] of

Optimen(r) was added to the Lipofectin(r) | vector mix, and 1 m of the

resultant nmix was added to each of two cell wells. The host cells were
{c) hFc signal peptide panels -~ , (s

o pJV7524 (CMV(no intron), HBsAg5'UTR, RBGpA, aprotinin s.p.)

pJV7525 (CMV(no intron}, HBsAg5'UTR, RBGpA, ;cobacco

“extensin s.p.}

pJV7526 (CMV(no intron), HBsAg5'UTR, RBGpA, chicken
lysosyme signal peptide)

15 - pJV7499, 7497, and 7500 were cut with Xhot and Nhel 1o
isolate an insert fragment consisting 6f the CMV promoter through the
signal pe;'a;tide_codi-ng sequence of the plasmids. pJVI7508 was cut with v k
Xho' and;Nhe1 to prepare a vector fragment into which the insert
fragmenté were ligated, resulting in pJV752_4 (aprotinin),;pJV7525

20 {tobacco extensin), and pJV7528 (chicken lysozyme).

Exémnle 7. Construction of Human Secreted Alka!iné Phosphatase
(SEAP) panels '

{a) pJV7531 {CMV(no_intron), HBsAg5'UTR, RBGpA, chicken

lvsosyme s.p.}

25 pJV7510 was cut with Saf1 and Bg/2 to isolate an insert fragment
containing the CMV promoter through lysozyme signal peptide. pdV7450




returned to the incubator and allowed to sit undisturbed for 5 hours, at C
20 which point the Lipofectin(r) ! v actor m x was renoved and. repl aced by
standard cell nmintenance nedia. At 18 to 24 hours after the nedia change,
from50 to 100pl of cell maintenance nedia was renoved fromthe tissue
culture plates and analyzed for anti gﬁy expressi.on by placing the sanples
into reaction 25 vessels provided int el AUSZYME(r) Monoc | onal D agnostic
Kit (Abbott - Laboratories, Abbott Park, I'L). The volume of -the test sanples
was brought to a vo|uge of 200pl with PBS, then 50pl of conjugate and a
reacti on be#as weitaVERdRH 1t ggl tAPNE AT IReVeRtss dragnenthitie vltighfide 80

m nutes- at 40C, after ich.the | S,-\Were clean of all liquid 74
reaction cdﬂﬁ%éﬁ?%meﬁ‘ﬁ@%e%%e\%m?%&ﬁ?ﬁﬁﬁ EWB new tubes after which
3001A of col or devel opnent buffer was added. At 30 minutes, the. color
devel opnent r eac@ %Jm@;(_@w@ﬁwf,gf pedhsanTAf R%%&%ﬁ%kéﬁ acid, and
t he absor bance was neasured a n _ shown in
Figure 1 idyédemeerpge absorbance readings of the duplicate wells fromtwo
experinments. As shown in Figure 1, the addition of RIA the HBV 3' UTR or

both elenents to a base vector (CW pronoter, exon and pol yadenyl ation
regi on) #ncr easduVAB38xwresuitonitbiXAdEs AgdiGeradtl® isoldte .anMmsstiown in to

Figure 2, the addition of eith he chi cken ke in of- .chi cken cardi ac-
actin int r Jre4rHeRt FREERINEG; te @Wx%%ﬁﬁ?fe ,roagéﬁ%lww{ﬁh%wf . _
ol yadenyl aj i [ | I L L0 SCC cells.

Eanpl o 10 iR PGREP PR DR CREBOaGRs 2 oeetar Hod BB arich e Vet or
ganel S SSCidSer@frdlimbnh0fls K@dikd, YayiMing @0 pleToEh.as described in "Exanple

C

* (c) pJV7568 (CMVino intron}, HBsAg 3'UTR, HBsAg5'UTR,

10 RBGpA, chicken lysosvme s.p.)

pJV7563 was cut with Bg/2 and EcoR1 to isolate an insert
fragment containing the HBV 3’-UTR and RBGpA. pJV7531 was cut with
Bg!?__and EcoR1 to generate a vector fragment into which the insert

fragment was ligated, resulting in pJV7568.

15 (d} pJV7572 (CMV{RIA/NAel), HBsAg 3'UTR, HBsAg5'UTR,

RBGpA, chicken lvsosyme 5.p.}

C ’ o pJV75.63 ‘'was cut with Bg/2 and FcoR1 to isolate an insert
B fragment containing the HBV 3'UTR and RBGpA. pJV7554~ was cut with
- Bgf2 and £coR1 to generate a vector fragment into which %:he_ insert

20 fl;agment was ligated, resulting in pJV7572,

Example 8. Construction of Beta-gal and HBsAg Vestors Using the |

Chicken Keratin and Chicken Cardiacj Actin Introns

(a) pJV7557 (Beta-gal, CMV{cA intron), HBsAg3'UTR,
HBsAg5'UTR and RBGpA) |

25 Chicken DNA was PCR’d with primers JF430 (SEQ ID NO:48) and
JF442 (SEQ ID NO:4.9) and cut with Bg/2 and BamH1 to isolate an




At eighteen to fourty hours after the nedia change, the nedia supernatants
were renoved and the cells were washed with PBS. After renoval of the wash,
the cells were |ysed-by incubating the cells in 20 500pl |ysis buffer (50mM
NaPOX4, 0.1 %riton X-1 00, pH7) for 5 mnutes, foll owed by physically
scraping the cells off the plastic dis®h The |ysates were m crofuged for
two mnutes to renove cell debris, an 10 to 25pl of the cleared lysate .
were added to 500p1 of reaction buffer ($Qug/rril o-nitrophenyl

?nalnﬁtCtegpyF he ?;aa |on Was sﬁ%o@?‘%)‘nﬁeﬂe addﬁ%ﬂnﬁt naél%%]egcfeglMlglatzgcéoand

read at 4@MmhicksH Batdiac BEEREPUVT 4B Wi datwithOBahbe exprasgbaen of
enhanced (containing an intron, HBVenh, ‘or both) vector to a base vector.

75 The adr@ctordhagmeﬂltmw BeiHIBYh S TNSERE ﬁragbmm wheligated, tresaltivasie vect or
(CW pr ormt exon and pol yadenyl ati on region) increased the expression of
bet a- gal Vt7'§5h «cell lines. The results for SCCL 5 cells are shown in

Fi gure 3. Add|t| on of elther t he chi cken keratl n or the chi cken 5 cardi ac
actin intron t b ; BV 3" UTR and

pol yadeEnyI atio AR i d:gal in both cell

i nes. re shownln Flgure2 Exarrple 11. In-Vitro
Anal ysi s SRaLUTE ﬁd%é A by HSV gD Vector Panel 10 SCC15 or B16 host
cells were transfected as described in Exanple- 9. Ei ghteen hours post
transfection, [lliEtesn BNA whaPOR dnvitheprimersli-4 21 neEEs|D BBOMAd Was then
washed with 2 nl of PBS (Biowhittaker, . Wl kerville, MD). Cells were fixed
wi th 0. 05%Fgiduk é&%ﬂldaﬂyaefm(andl tylstcmﬁhbeglﬂmw Bavarki 1 ngl tolateAn mslemt ed in PBS

and incubated for 30,613 mr} es at roo er ature. All s?seq .
i ncubat i oiE29TASPERONSIABLE OTdeIBERM E@WUSWS Eee each L
I ncubatd o8l Rératin gene. pJV7488 was cqt with BamH1 to prepare a vector

fragment into which the insert fragment was ligated, resulting in
pJV7558.

' (c) pJVT578 (HBsAg, CMVI(cA intron), HBsAg3'UTR, HBsAGE'UTR
and RBGQA}

15I pJV75857 was cut with Sa/1 and BamH1 to isolate an insert
- fragment consistir_]g of the CMV promoter through intron régions.
pJV7496 was cut with Sa/1 and BamH1 to prepare a Vectéf' fragment
into which the insert fra‘—.;gment was ligated, ;esulting in pJ:\;f%7558. ¢

(d) pJV7579 (HBsAg, CMVi{cK intron), HBs‘AqS'UTR,:HBsAQS’UTR
Izo and RBGpA) |

pJV7558 was cut with Sa/t and BarmH1 to iso[éte an insert
fragment consisting of the CMV promdter through intron regions. .
pJV74986 was cut with Sall and BamH1 1o prepare a vector fragment
into which the insert fragment was ligated, resulting in pJV75.79.




stated above. The plates were blocked. with 2 ml of 5%dry mlk (Bio Red
Laboratories, Melville, NY) in PBS. Incubations with 1 m of a 1:1000 C

di lution of anti-gD nonoclonal (ABI, Colunbia, MD) in 2%dry mlk | PBS 20
/ 0.05% Tween-20 (Sigma, St. Louis, M) and I m of a 1:2500 dilution of
goat anti-nouse HRP (I KPL, Gaithersb'urg? MD) in PBS/ 0.1 % Tween- 20

foll owed. Col or was devel oped using 1 Sof, TMB m crowel | substrate (Bi oFX,
Onings MIls, MD). The reactions were stopped with 1 MHZSO, the liquid
was transferred to pl stic cuvettes and te,optical 25 density read at-

450nm Data is pe#& b . HE pna ee! Hidd @l S ERE SiH T

(cont ai ni ngvg@mirrpr%rﬂ HBVenh, or both) vector to a base vector. Addition
of RIA withoronitds the HBV 3' UTR to a base vector (CW pronoter, axon
and pol yadenyl ati on region) increased the 76 expression of HSV gD in both

cell lines. Resi IASca) e, 'E@Mﬁ\ﬁ] 2apl e 12.
In-Vitro Anal ys@hﬁéﬁ%]??ggn&ﬁr(%zsﬂnrb%/i%\ggglﬂvﬁictor g\ﬁe&@sé%gpscm 5 or
816 host ceduaslably at WTIDGY eclledvars pletedrarb8dwviel tsasuitur® plabs @it gideen to
fourty hours after the nedia change;, the nedia supernatants were renoved
and heat Bd 4@ %7oonfieengy, mdallewedly gr@w yenrgbt in Ae ineatphadiievat ed

. super nat ant,s re incubated for 5 mnutes wth |1110t" | ume of 100nM
1- honoar gi H?Q%K.acﬂiléo‘{‘fﬁre Bronadated {a r'i@*ﬁﬁ%%ﬂ%@#&é‘ééﬂ% -buffer (cat if
172- 1063, Bio-Rad, prepared according to instructions) were added to the

| ysates and inc t : m ' r l.an,.was ‘st opped
by the additi onU‘gfI ﬁoﬁgia%t%fﬁg&rpgng“%&ﬁ%g?eﬁ%{o}ﬁ]ﬁ%‘?%ﬁg%s present ed
as the ratieddbr td e ®speEs30aNoPLlipefdrmPad Ggent diifd Meckmolbylgsdnc, HBVenh,

or. both) ms vector to a base vector, or the ratio of the expression of the
{;_peri nent gBrand island, NY] was added to 18041 of Optimem® media (Lif e

)

)

10 - Technologies, Grand Island, NY}, and allowed to incubate at roam
;' temptératur_e for 45 minutes. For each \fector to be tested, 2ug of vector-
; was rﬁixed into 2004 of Optimem® at 40 minutes. At 45 minut es, the
: vectof .:':md: Lipofectin® solutions were mix eéd together and:_:allowe_d io sit
at rbohq terﬁperature for an additional '10 minutes. During this finél
15 incubation, the plated host cells were removed from the i_nic?ubato'r and
- washed twice with Optimem?® media. At 10 minutes, 1.6m} of |
Optimem® was added to the Lipofectin® / vector mix, and 1:II'I"I|I of the
resultént mix was added to each of two cell wells. The hos;t ¢e[lé. were
C | re’turnédl to the incubator and allowed to sit undisturbed forf 5 thrs, af
20 _Whiéh: point the Lipofectin® / v ector mix was removed and replaﬁed by

standard cell maintenance media.

At 18 to 24 hours after the média change, frorﬁ 50 to 1004 of
cell maintenance media was removed from the tissue culture plates and
analyzed fdr antigen expression by piacihg the samples into reaction-

25 vessels provided in the AUSZYME® Monoc lonal Diagnostic Kit (Abbott
Labératorieé, Abbott Park, IL}. The volume of the_ test samples was
brought to a volume of 2004 with PBS, then 504 of conjugate and a
reaction bead were added to each sample. The \kessei is incubated for 80

minLitea_s at 40°C, after wh_ich the wells were washed clean of all liquid




‘signal peptides to the human TPA signal peptide vector. As shown in Figure
5, the addition of RIA, the HBV 3'UTR or both elenents to a base vector
(CW pronoter, exon and pol yadenyl ation region) increased the expression of
SEAP in B16 cells., Unexpectedly, 20 only the addition of the HBVY 3 UTRto a
base vector (CW;pronoter, exonand pol yadenyl ati on region) increased the
expression of SEAP in SCC15 cells. Adgition of signal peptides fromeither
bovi ne aprotinin, chicken |ysozyne, t obacco extensin to the N-term nus
of mature SEAP al lowed 25 for eff|C|ent 'secretion of SEAP into cell nedia

tants of both ts for, 816 cell h Fi
o 77 ExdRTeon SOMhE o TR Er SIS HACT e b Pe e PPy e | 9O Fe

Fragrent de%gxsé’@plt bfjgolpirb%lve %ﬂrénpﬁuﬁépm%sédﬁgﬁlﬁt‘ﬁ%rﬁnﬁ d@gsmgt ed as

descri bed he nedi a supernatants wer'e. renoved ffom ei ghteen

to fourty mae@elabwnttraacmﬁiwascmmd et aBHRIG of FRssalflriver e
I ncubat ed. overnight at 4C with 100,ul of goat anti-human 1gG (Sigm.

#13382, 1lddddOantl e iabeoibancer dotiet @awoatwag nvediae) giet90mml Thal |
subsequent i ncubations_|lasted 1- hour at roomtenperature with washes (10nmM
Tris, 150##1 Wi in %LB?.] Iszthe avgyagpabsprincesadingh of fabati on. The

vveIIs wer e, entbogp f 100;ﬁ% c&%S%dry in PBS, followed by

i ncubati on %T CA S &Y5'S) th W E RO supernatants in dilution buffer (2%
dry mlk, PBS, 0.05% Tween- 20). This was followed by incubation with with
100 jil of goatAét@hbwrhWP@ulr@Cﬂ "Eﬁ@a@%hﬂdﬁo#ﬁ@ﬂz%e ﬁé&’%@udﬁ S h&EH I N

dilution buffer) per | owed by col or devel opnent using 1001r| of

TMB mi crov@bdnensyb@tariaés% vé’d:terr(ew b GherT, @xs:homjadoweid@niﬂéﬂa@i of I M
H2SO4, and read' at 450 nm Data is presented as the ratio-of the expression
of the . region) increased the expression of HBsAg in SCC15 cells. As shownin v
: f ]
10 . ;Flgurfe 2, the addition of either the chicken keratin orthe chicken cardiac -

: ?actin; intron to a base vector {CMV promoter, exon, HBV 3'UTR and

: _po]yédeny[ati‘on region) increased expression of HBsAg in SCC15 cells.

Example 10. /In-Vitro Analvsm of Antigen Expressmn by Beta-qal

\ector Panels

5. SSC-15 or B16 host cells wers transfected as described in

Example 9.

At eighteen to fourty hours after the media change, the média |
supernatants were removed and the cells were washed Wlth PBS. After (7
~ removal of the wash, the cells were lysed-by mcubatmg the cells in
20 500pl lys:s buffer (50mM NaPQ,, 0.1 %Triton X- 100, pH :7). for B
: minutes,-followed by".physically scraping the cells off the iolienstic dish.
The lysates were microfuged for two minutes to remove cell debiis, and
10 to 251 of the cleared lysate wers added to 5004l of reaction buffer
- {80ug/mil o-nitropheny! galactopyranoside, 50mM NaPO,, pH 7) and
25 incubated at 37°C for 10 1o 20 minutes. T he reaction wa%s stopped by
the addition of 50041 of 1M Na,CO, and read at 405 nm. Data is
presented as the ratio of the expression of enhanced (coniéining an

intron, HBVenh, or both) vector to a base vector.




experinmental signal peptides to the human TPA signal peptide vector.

Addi tion of signal peptides fromeither bovine aprotinin, chicken 20

| ysozyme, or tobacco extensin to the.N-term nus of the human Fe fragnent
allowed for efficient secretion of hFc into cell nmedia supernatants of both
cell lines. Results for Bl16 cells are shown in Figure 6. 78, Exanple 14.
Use of the HBsAj, HSVgD and Flu-M plagimd expression vectors for

i mmuni sation of mce a. Preparation of cartridges of inmunisation For each
plasmd to be tested, 25nmg of 2 mcron gold powder was 5 weighed into a
m crof uge tube. '7Afd edditios GURIA) the HBVa3 25 lor dloth uddmefits P arbMdssper m di ne
(Aldrich Chemcal, Inc,- MIlwaukee, W), the tube was vortexed and briefly
soni cat ed. VEsgEMVivarmbtarokugadnsupelyadenylation speiom dicreaseplieed by a

f h 100ui__al i t. . Th | d d by vaortexj ft whi ch

25pg of  DNAXREES o0 saiat 1 BRkh R0 DBemm e oo Tar St T8l Iaa 1 gt | y
t d, I 109 c ' el d,..| . dded t

b eci pi ¢t & AL DRI S Aekbn §R0EC the KRR o s it n s

al | oved ¢ o' Rk @eeatifrPintddh tdTaBEsRSy&ftof ttewhﬁﬁf—:dmaﬁbr, akbA! thhEy the gol d was

collected by a brief mcrofuge spin and washed three tines wth absolute

et hanol ( SiBStiTRuand polyadaryation eehiotlsinctemsedGhedeqmessidh dithatargalén excess

preci pitation reagents. The washed gol d/ DNA conpl ex was then resuspended in
3.6 n of wthzeldinaspoRosulis fer/Bi 61dells mee cBewKDIN Bgoce 2umi Qual ity

Products, 1nc, Gardena, CA) in absolute et hanol'_. This slurry was then

I njected into aETefzgla,liu,léelil\/b hAst er. - Car,r ... Chi cago, .JL), lpcated in a 20
t ube turner- (Po SAAHES AN SIS, : e Fef zel a
tube with -_t}t%tgpbgﬁg\m conpl ex. After the tube turning pa ocedure was =

{Qr-rpl-et ed, was cut into 0.5" "shots" of vaccine which were

10 _ SCC15 or B16 host cells were transfected as described in Example

9,;_ Eighteen hours post transfection, plates were placed on ice for 15
minutes. Each-well was then washed with 2 ml of PBS (Blowhittaker,
Walkerville, MD). Cells were fixed with 0.05% gluteraldehyde =
(chnlysciences Inc, Warrington, PA} diluted in P_BS and incubatéd for 30
15 - rf:nifnutes at room temperature. All subséquant incubations lasted 1 hour
a}t érc:u::m_’cem‘pera’ture and washes between each incubation were as
étated above. The plates were blocked with 2 ml of 5% dry milk (Bio Rad
_ Laboratories, Melville, NY) in PBS. lnéubations with 1 ml of 2 1:1000 ~
C .‘ dijution of anti-gD mor_noclbn_é! (ABI, Columbia, MD) in 2%{drymi]k/ PBS
20 +/0.05% Tween-20 (Sigma, St. Louis, MO) and 1 mi of a 1:250Q dilution
of goat anti-mouse HRP (KPL, Gaithersburg, MD) in PBS / 0.1 % Tween-
20 follow'ed. Color was developed using 1 ml of TMB microwell
su__bstrat;e {BioFX, Owings Mil[é, MD). The reactions were stopped with
'lM H28b4, the liguid was transferred fo plastic cuvettes and the optical
_ .25 density read at 450nm. Daté is presented as the ratio of tlﬁe expression ‘
of enhanced {containing an intron, HBVenh, or both) vector_to a base

vector.

Addition of. RIA with or without the HBV 3'UTR to a base vector

{CMV promoter, exen and polyadenylation region) increased the




| oaded into the XR1 device (PowderJect Vaccines) for delivery to the mce.
79 b. Vaccination Procedure Four to six week old mce were anesthetized
with a mxture of Ketaseta (Fort Dodge) and Ronpuna (Bayer). The bellies
were shaved with a pair of electric clippers to renove hair, and t wo
non- over |l appi ng 5 "shots" of vaccine were delivered via the XRL devi ce
(450psi) to the shaved area. The ani #€l s were returned to their cages and
bled at six weeks post vaccination. Batb/c mce were used to evaluate the
HBsAg ,expression vectors, and Swiss Whbster mice were used to evaluate the
HSV- gD ancEXPressien @fﬁﬂ%‘dsﬁ%ﬂn veth ekl lines. Aesyjts tor@Carcelis@eant i - HBsAg
“Ant i bodi es_ At si. x[_yveeks bl ood sanpl es were harvested from vacci nat ed
ani mal s. [\%Y it FFUTE&t-um i sol at ed from t hese sanpl es was placed into
wel l's of a reaction vessel supplied with the AUSAB(r) El A Diagnostic Kit :
(Abbott Laboratries,. f9b E/i%"h'hal Sngmc : . added 15 depended
upon the anti boty ‘ ' nted with
sampl e di latdiep daplefer to fall wt h| n vaI ues obt ai nabl e with a
quanti ficatrton panel panel. 200pl from each vial of the AUSAB(r)
Quantification Panel (Abbott Laboratories, Abbott Park; IL) was added to
wel | s of - the rexCCildnovBS Sclostoellearbrangbhstechedds whscatldddn Bfareplenwhi ch ac
t he vessel was seal ed and incubated for two hours at 40C. The wells were

then washe¥ d¥t eiphteanta épuré‘a@ppaswaf:t@ﬁﬁbﬁén@@a chenegehewnredia wel | was
dded 200p._of t | d -
?ncﬁbat edp%ﬁer@%#gﬁyée?pnmy@ Whﬁ@f {;\gpeetsf??érgd\a@%%a féigan l'i qui d

reaction I r L er whi ch

ool of CPRPBRhE nelih RIS BeHARREAE g FRat B B RERUAELRL v !

devel Oprrer\hnthewqtoﬂwolm 6f QQ@WiMbIYhdrh@aﬁgiﬁllrIel @00 ul of alkaline Lo
10 phospha’case reaction buffer {cat # 172 1063, Bio-Rad, prepared

accordlng to instructlons) were added to the lysates and lncubated at
37° C fpr 10 to 20 minutes. The reaction was stopped by th!e addmon of
SOOﬁl:of 1M NaOH and read at 405 nm. Data is presented és the ratio of

the e%pression of enhanced {containing an intron, HBVenh; 6r both)

15 vector to a base vector, or the ratio of the expression of the expenmental

sagnal peptides to the human TPA signal peptide vector.

As shown in Figure B, the additioﬁ of RIA, the HBV 3'UTR or both _

~ elements to é base vector {CMV promoter, exon and p'olyééienylatio-n _ |

. rééionj increased the expression of SEAP in 'B'I 6 cells. Unescbecfédly, ..
éo only the addition of the HBV 3 UTR to a base vector {(CMV: promoter,

exon and polyadenylation reglon) mcreased the expression of SEAP in

SCCI 5 cells.

Addition of signal peptides from either bovine aprotinin, chicken
lysozyme, or tobacco extensin to the N-terminus of mature SEAP allowed
25 for efficient secretion of SEAP inio cell media supernatants of both cell

lines. Results for B16 cells are shown in Figure 6.



of 1 Msulfuric acid, and the absorbance of the reactions was neasured at
490nmin a Quantum 11 (r) spectrophotoneter (Abbott L aboratories, Abbott
Park, IL) . This spectrophotoneter calculates the antibody |evels 80 of a
sanpl e by conparing the absorbance of the sanple with a standard curve
generated with the quantification paneb- These anti body | evels were then
corrected for dilution factors. The da Z shown in Figure 7 are the
geonetric nean titers of all animals vaccinated with a particular 5 vector.
Anal'ysis of Sera for Antj-Flu M Antigen_Antjbodies 96-wel |- Costar :

medi um bi ndi ng EX@ERIE .00 3 Antigen Expregsien: by Human [@@e coat ed
wth a synt elt_-lj Hopki'nton, MA) at a
concentr at iron T T PB i owhi ttaker, Wl kerville, M) and

i ncubat ed overni ght at 40C. The plates were washed three tines with 10nv
This (Sigma, St.gdoysr B Host beVdRGrakdfes AT aSCle8RlibEd W Ekafiple %
Brij-35 (Sigma), then blocked with 5% dry mlk (Bio Rad Laboratories,

Melvill e, NY)Thennfdts saperhateants wate ranoved érparegiteen 1 fowstibheqrent

i ncubations were at roomis tenperature for one hour and washes between each
' i ncubat# omftasribedpediat ehastieabove. Sanpl e nouse sera, a standard (high
titer, anti-M nouse sera) and a negative control (anti-HBsAg nouse sera)

were diluted in 2%, dry m | PBS / 0.05% Tween- 20 (Si ) and jncubated.
in the ELISA p|5i1(%é.9'éf»§t edjﬂﬁf?ﬂr}%@e'”FH%a%ﬁI%‘fer&'%@ﬁ L ggﬁj%ﬁt@&ﬁti body
Sout hern i ; i i ?w : L 1: 8000 in 2%
dry mlk I[ 0&@#(5’%@%@%3@%@@% ﬁa;%esp%? a"(//{’Il I n-ﬁ_@aﬁts'@ﬂi%%wgﬁ%g%xi dase

conj ugat e (3atheiutist) Pleetsin! AW ¥LbsedubRdnduSAMhd RsBRP 1180dr 48 Tween- 20

fol |l owed. Col or was devet o%ﬁeld uskggm;ra/Bﬁ%bs&[aﬁtén( Bi oFX,-O 1O//vi ngs Mlls,

¥D). The r eaami wmsperaterestvippedshes hAmM 2 W Na€l, 0.1% Brij-35,

10 pH8.O)5between each incubation. The wells were then _b[ocked with

I Bi osour ce,

1004l of 5% dry in PBS, followed by incubation with serially diluted
media éupernatants in dilution buffer (2%' dry milk, PBS, 0.05% Tween-
2d) : This was followed by‘incubation with with 100 @ of goat anti-
human IgG/HRP (Sigma #A6029,. 1/5000 dilution in diiutioh_'buffér) per
15 well, followed by color development using ']OQﬂI of TMB mi.croweli
substrate. The reactions were stopped with 10041 of 1M H,S0,, and
read"at f450Inm. Data is presented as the ratio of the expression of the

experimental signal peptides to the human TPA signal pe;ﬁtide vector.

C | ' Addiﬁon of signal peptides from eitﬁer bovine aprotinin, chicken
20 lysozyme,- or tobacco extensin to the‘[\.l—terminus of the human Fc
fragment allowed for efficient secretion of hFc into cell média
sup‘ernatants of both cell Iinés. Rééults for B16 cells aré shown in Figure
6.




zs plates read at 450nmw th an Emax precision mcroplate reader (Ml ecul ar
Devi ces, Sunnyvale, CA). SoftMax Pro 4.1 software (Ml ecul ar Devices) was

used to calculate endpoint titers using a four- .paraneter analysis. Titers
were normalized to the standard serum which had a pre-determned titer, to
m nimze assay-to-assay and plate-to-plgate ao variation, Results are shown

in Figure 7. 81 Analysis of Sera for Antl -HSV gD Antigen Antibodies 96-we]!
Costar medi um bi ndl ng ELI SA pI at es (Fl sher Scientific, Pl ttsburgh, PA) were

i ncubat ed over m@gs%n%cta}gefoﬁl;mrﬁ@nw@n oweﬁl’@gd three tinmes w th 10mM
Tris (Sigm, St our s sher Scientific) / 0.1 %

Brij-35 (Sigma), then blocked with 5%dry mlk (Bio Had Laboratori es,
‘Melville, NY) in PB%.for Hrebaratigt of certridgespd imnun@sadbh subsequent
i ncubati ons were at roomterrperature 'for 30 one hour and washes between each

i ncubation were as stated above. nouse sera, a standard (high titer,
anti-gD nouse derragacknplagmiddy da V'é?t@@n?—ﬁmg @Eﬂtmlmwim@j@e\ﬁé‘f wer e

“diluted in 2%dry. mlk [ PBS T din th
EL1 S pf atwEieein® arpicrbiie e Kt B iR A8 R AR B 00y

( Sout hern g i L veQP0 in 2%
dry mlk %Bﬁgo%%&gﬁ&n%m%’&%% ﬁﬁcﬁfeg?]awt [ n é(%‘ éﬂe/ﬁélctl]?ésﬁg%%r oxl dase i
conj ugat e oresitdirand Briefigcdutitaey) Thiel giladvds &Qaﬂ;fugea’aﬁn/ aBdkh% Tween- 20
fol |l owed. Col.or was devel oped using TMB substrate (BioFX, Omsmngs MIlIs,

MD). The rspecmidine repleeedtinppdiesh ﬂBO}JI\/ﬂleS@ﬂTémecgmltieN@s resugpeartdes! r ead at
450nm wi t h an Emax precision n]écr opl m reader_ (Mol ecul ar DeV| ces, .
Sunnyval e,PYCRprexEG: palerprhich 454giafiaNe W@Fé/tﬂdé[@dlfé’rﬂt%wl%%ﬁﬁ‘ was used to j

calcul afe g Fe%OWhuétﬁgtﬁbgﬁvé‘s‘?n&ﬁ{?%nexed 10041 of 10% CaCl

(Fujtsawa USA, Inc, Deerfield, IL) was added to preclpitate the DNA onto

the go[d beads. The prempltat[on reaction was allowed to 'proceed for 10
mmutes on the benchtop, after which the gold was co!lected by a brief
mlcrofuge spin and washed three times with absolute ethanol (Spectrum |

15 Cluallty Products, inc, Gardena, CA) to remove excess prec:p:tatlon
reagient:s. The washed gold/DNA complex was then resuspended in 3.6
m o?f 0.05 mag/ml. polyvinylpyrrolidone (360KD, Spectrum 5c1uanty
Produc:ts, |nc, Gardena, CA} in absolute ethanol. This slurry was then
_lnjected into a Tefzeld tube (McMaster-Carr, Chicago, IL} Iocated ina

20 tube turner (PowderJect Vaccines) which coats the msrde ofthe Tefzeld

‘ tube w1th the go]d/DNA complex. After the tube turmng procedure was
completed, the tube was cut into 0.5” “shots” of vaccine: Wh]Ch were
loadied into the XR1 device (PowderJect Vaccines} for dehﬁv_ery to the

mice.




paranmeter analysis. Titers were normalized to the standard serum which had
a pre-determned titer, to mnimze assay-to-assay and plate-to-plate 25
variation. Results are shown in Figure 7. Accordingly, novel nucleic acid
constructs, conpositions conprising these constructs, and nucleic acid

i mmuni zati on techni ques wusing these.capstructs have been descri bed.

Al t hough preferred enbodinents of the bj ect invention have been descri bed
in sone so detail, it is understood that obvious vari.ati ons can. be nmade

W thout 82 departin fro;sthe spi r‘iFr, an'g]_i the scope of the invention as
defined by the appertted ppsatan I 1. A nucleic acid construct
conprising a chinmeric pronoter sequence and a cloning site for insertion of

2, Codi ng_sequengedito QRSO B1d HNKBUFet Sdbstbien il (B & IRLSY . wher el 0

the chinmeric pronoter Sequence conprises e early

pronot er seEas6E (FdN DRHQR) bndRorapuhadBhyér) PERE Helliedxaere sRhvéde hCW -
maj or i mredi ate early gene; and (c) a heterol ogous intron provided in place

of the intnonth/A palegufcaiemﬂrlctdi@plemlbb nraglmVelhﬂmedami‘afvemdryogm‘@p[ﬁg A nucleic

acid construct according to claim1 wherejn i_medi ate early

pr onot er5 seﬁh@?ﬁ:eo H?C'F'EIGSEQGI deiigpred via th%)ﬁﬁﬂcﬂ@]f‘@ed&ﬁ@%&@tﬂ'@ct accor di ng
cl.eic acid

o Al m 1 el e PRo SFRME et BTl TP e snd bR Mg
conpr i ses g, SSaUERGE, ASLASHSH. LR HhEetkeNPusGPRS ORIt e FRlsAGSUI 1 1 gene

intron A sequence, eratin. gene
.expression vectors, and Swiss Webster mice were used to evaluaie the

HSV-gD and Flu M2 expression vectors.

10 Analysis of Sera for Anti—HBsAq'Antibodiés

At six weeks, blood samples were harvested from vaccinated
animals. A volume of sérqm isolated from these sarﬁp!es was p[ace'd into
wells of a reaction Vgssel suppli_ed with fhe AUSAB® EIA Diagnhostic Kit
(Abbott Laboratories, Abbott Park, [L). The volume of sera added

15 depénded ufpon the éntibﬁdy titer of the sample, and the sample was
diluted witﬁ sample dilution buffer to fail within values obtainable with a
quantificétion pgne! panel. 200ul from each vial of the AUSAB® | _
Quantifiéation Panel (Abbott Laboratories, Abbott Park; IL) was added to

( _ T wells of the reaction vessel. To each well a bead was added, after which
20 the vessel was sealed and incubated for two hours at 40°C. The wells
| were then washed of all Irqmd reaction components To each washed
. well was added 2004 of conjug ate mix, after which the vessel was
- sealed and Incubated for two hours at 40°C. The wells were then
washed of all liquid reactlon components. The beads were transferred 1o

25 new tubes after which 300 of color development buffer was added. At
30 minutes, the color development reaction was stopped by the addition
of 1M sulfuric acid, and the absorbance of the reactions was measured

“at 490nm in a Quarntum 11® spectrophotome_tér {Abbott L aboratories,

Abbott Park, IL) . This spectrophotométer' calculates the antibody levels .




intron A sequence and chicken cardiac actin gene intron A sequence. 5. A
nucl eic acid construct according to claim4 wherein the rat insulin gene
intron A sequence conprises SEQIN No. 3. 6. A nucleic acid construct
according to claiml wherein the <chinmeric pronoter sequence is SEQ I D No.

4. 7. A nucleic acid construct accordkﬂg to claim1l which conprises a

pol yadenyl ati on sequence. 8. A nucleicacid construct according to claim?7
wherein the polyadenyl ation sequence is derived froma pol yadenyl ation .
sequence of, _a_gene selected fromth rou nsisting af rabbit 3-globin
oo homf @ SalTTE SRECTRPRUNG KRR AR of B2 S3hwiE witn 5 Msdaik yene
sim an 'gqggi ALY+ REYeh t nucleic acid
construcfwgggor |ﬁgéﬁﬁpgﬁgyﬁggag%ereﬁﬁﬁyﬁgh%ﬁfsggﬁﬁsygﬁﬁgxqggéaence S

sel ect ed fywepe then goaeptad s Gilutht BictsEQ ThE MNEa sHIWSERFIRrAG (arkl, SEQ I D
NO 12 and SEQ ID NO 13. 10. A nucleic acid construct according to claim1
whi ch fur tther gewoeric sesaratitdrg mdlallparptiade vatdinatedhudtteapatdodiaconst r uct
according to claim 10 wherein the signal peptide is selected fromthe group
consi st BngvVe#AtORunan tissue plasmi nogen activator signal peptide (hTPAsp),
aprotinin signal peptide, tobacco extensin signal peptide and chicken

| ysozyne signal ,peptide, ~12. el ¢,8Cld.construct,.according to claim!l
wherein a codi SRahes rq L Fde S SRl

siciave: 5 i g-stte. 13. Anucleic
acid construct according to claim12 wherein the coding sequence encodes an

antigen. 14. A 9uGl8i €At rmﬁainacmlss& ggtég(m-.ﬁéﬁs&ignmsrei n the

antigen is an antigen of a viral, bactérial, parasitic of fungal pathogen.

15. A nucl pitisbaeghl, PARStereatozaed auidh agsyrthetiai Fu M2 WpnRlen(Ad® /

. Biosource, Hopkinton, MA) at a concentration of 1ug/mi m PBS o
10? {Biowhittaker, Walkerville, MD) and .incubatedl o;fernight ét 4°C. The :
E plates were washed ‘thr_ee times with 10mM Tris (Sigr"n‘a,% St. Louis, MO} /
150mM-NaCI (Fisher Scientific} / 0.1% Brij-35 {Sigma}, téhen,b'ldcked
with 5% dry milk (Bio Rad Laboratories, Melville, NY) in PBS for 1 hour
at room@temparatﬁre. All subsequent incubations were at room
15 tempera:ture for one hour and washes between each incﬁbaftio_n were as
_ stéted agbove. Sample mouse sera, a standard (high titer; anti_-MZ mouse
sera) anﬂ a negativé control (anti-HBsAg mouse sera) wef_re' :d.il.u:ted in 2%
dry milk / PBS / 0.05% Tween-20 (Sigma) and incubated.in the ELISA
| plates. Goat anti-mouse 1gG (H+L) biotin conjugated ant:body (jSou"chern

P

20 Biotechnology Associate, Birmingham, AL} diluted 1:8000 in 2% dry milk
/| PBS | 005% Tween-20 and streptavidin-horseradish pérdﬁciéexése
conjuga‘fce‘(Southem Biotechho[dgy) diluted 1:8000 in PBS/ 01 %
-Tween—?O foliowed. Color was developéd using TMB suibst_raté {BioFX,
Owi"ngs%Mil!s, MD)}. The reactions were stopped with 1M H23Q4 and the

25 plates. réad at 450nm with an Emax precision microp!a‘teéfr:eader
(Molecular Devices, Sunnyvale, CA). SoftMax Pro 4.1 software
(Moiecu‘lar Devices} was used to calculate endpoint titers using a four-

. parémeter analysis. Titers were normalized to the standard serum, which
had a pre-determined titer, to minirﬁize assay-'to-és.say and plate-to-plate

a0 variation. Results are shown in Figure 7.




antigen is HBsAg. 16. A nucleic acid construct according to claim1 which is

a plasmd vector. 17. A nucleic acid construct according to claim 1l wherein
the nucleic acid is DNA. 18. A nucleic acid construct conprising: (i) a
chimeric pronoter sequence which conprises: (a) .a hCW inmmedi ate early

pronot er sequence; (b) exon 1 and at |east a part of exon 2 of the hCW 5
maj or i medi ate early gene; and (c) a ®dt.er ol ogous.intron provided in place ‘
of the intron A region of the hCW- major imediate early gene; and. (ii) a
cloning site for insertion of a coding sequence in -operable |linkage with ‘
the chineric -prdumalysis efndessfor (Amnii-HSW D Andigenr Antibadied | eader sequence

which is derived from HBVpreS2 anti gen sequence, HBV e-antigen sequence or

HSV type 2gD antj gen equence ,and,whi.ch i s.in operable |inkage with the
chi meric pronot ei@g'WHﬁB%E(HPQQWné‘PmB%EQ%L&le@ %‘ﬁ'@r’i SaleRfifieved from a
3" untrans e on : gfégr , -3 UIR of a siman
CW i nredi ?{lggggrrq’hy%@ngé%e%éag%dc@@ﬁ m??ﬁﬂﬁgﬁm‘ egé%éétbqsé%%%age with the
chi meri c pnoyppRfein'Ies @iohckhfaBBRATCRIg/FHHTES (Bwiiownst ream of the
cloning site. 19. A nucleic acid construct -according to claim18 wherein the
hCW i mediVdbkeediéy Mbloamd dicidededt overright as43EQ THs ated. were

washed three times with 1TOmM Tris (Sigma, st. Louis, MO} / 150mM

NaCl {Fisher Scientific} / 0.1% Brij-35 {Sigma), then blocked with 5% dry

milk {Bio Rad Laboratories, Melville, NY) in PBS for 1 hour at room

temperature. All subsequent incubations were at room temperature for
10 bne I%our'and washes between each incubation were as stated above.

3 éamﬁie mouse sera, a stand;arld (high titer, anti-gD mouse sera) and a .
héga‘éive control {anti HBsAg mouse sera) were diluted in 2% dry milk /
PBS [ 0.05% Tween-20 (Sigma) and incubated in the ELISA plates. Goat
énti—rhouse [gG {H+L) biotin_ conjugafed antibody (Southefn

16 Eioteéhnology Associate, Birmingham, AL} diluted 1:8000 in Z%Idl.’y mifk
/ PBS:: 'X‘0.0E% Tween-20 and streptavidin-horseradish -perokid_ase
conjugate (Southern Biotechnology) diluted 1:8000 in PBS / 0.1% -
Tween-20 followed. Color was developed using TMB stibstrate (BioFX,

| EJWings Mills, MD). The reactions were stopped with ™ Hzébg and the

( 20 p[ateé read at 450nm with an Emax precision microplafe 'réadér
' (Mole_;i:dlar Devices, Sunnyvale, CA}. SoftMax Pro 4.1 software
. {Molecular Devices) was used to calculate endpoint titers usian a four-
pararﬁeter analysis, Titers were normalized to the starjdard;sé_f;uin, which
had a prs—de’cérmined titer, to minimize assay-to-assay and plafé—to—p]ate

25 variation. Results are shown in Figure 7.

Accordingiy, nr.Jvel nucleic acid constructs, compositions
comp{iéing these constructs, and nucleic acid immunization-techniqges
using .tiiwese constructs have been described. Although preferred
embodiments of the subject invention have been described in some

30 - detail, it is understood that vaious variations can be made without



20. A nucleic acid construct according to claim 18 wherein exon sequence
(b) is SEQID No. 2. 21. A nucleic acid construct according to claim 18
wherein the heterologous intron (c) conprises a sequence sel ected fromthe
group consisting of rat insulin gene intron A sequence, chicken keratin
gene intron A sequence and chicken c @?iac actin gene intron A sequence.
22. A nucleic acid construct according -0 claim?21 wherein the rat insulin
gene intron A sequence conprises SEQ ID No. 3. 23. A nucleic'acid construct

accordi ng th hiperi.c, pr.onot er se nce EQ | D No.

2 o A ﬁf?aaéﬁnae? A BB et abd Bhe SPRPR o B 2n S e BT R Fces

pol yadenyl eg e. 25. A nucleic acid construct accordlng to claim24
wherein th polya enyl'ati on sequence is derived froma pol yadenyl ati on
sequence of .a gene selected fromthe group consisting of a rabbit S-globin
gene, human papilloma virus (HPV) early or |ate genes, the HSV-2gB gene, a
siman CW imedi ate early gene and HSVgD | ate gene. 26. A nucleic acid
construct according to claim25 wherein the 86 pol yadenyl ati on sequence is
selected fromthe group consisting of SEQ IDNO: 10, SEQIDNO: 1 1 , SEQ
IDNO: 12 and SEQIDNO : 1 3 . 27. A nucleic acid construct according to
claim 18 which further conprises a signal peptide. 28. A nucleic acid
construct according to claim27 wherein the signal peptide is selected from
the group consisting of human tissue plasm nogen activator signal peptide
(hTPAsp), aprotinin signal peptide, tobacco extensin signal peptide and

chi cken | ysozyne signal peptide. 29. A nucleic acid construct according to
claim 18 wherein a coding sequence is provided in the cloning site.




30. A nucleic acid construct according to claim?29 wherein the coding
sequence encodes an antigen. 31. A nucleic acid construct according to claim
30 wherein the antigen is an antigen of a viral, bacterial, parasitic or
fungal pathogen. 32. A nucleic acid construct according to claim31 wherein
the antigen is HBsAg. 33. A nucleic acid construct according to claim 18
which is a plasmd vector.: 34. A nu%l eic acid construct according to claim
33 which has the sequence in SEQ ID Ro. 14. 35. A nucleic acid construct
according to claim 18 wherein the nucleic acid is DNA. 36. A nucleic acid
construct according to claim18 wherein_the non-translated |eader sequence
is selected fromthe group consi st&&SLME SEQ ID No. 5, SEQ ID No. 6 and SEQ
IDNO: 7. 37. A nucleic acid construct according to claim 18 wherein the
enhancer sequence is selected fromthe group consisting of SEQID No. 8 and
SEQ I D No, 19. 38. A metleod afidobtaistrunly esppesisgors i shimerital pamaiet | s of a
pol ypeptide of interest, which . pethod, conprises transferring into. said

cel s a FRIHEEFE z?é‘%d %oﬁ@mct.s‘@g Fi S5 cﬁfn@rpea'ﬁ'ﬁorﬁﬁﬂg’f&’ng‘%qﬁbnce 87
and a coghdrgbeeqaage ehandi e t aanRekY PSRk dS, | vieaerblite | ichieas Wi th the
chineric pronoter, wherein the chineric pronoter sequence conprises: (a) a
hCW i miigingter seguencp compriées'sequence; (b) exon 1 and at |east a part of

O 2 ot e 4 A SURE i B3R! () @ heterol opous
{b) exon 1 and at least a part of exon 2 of the hCMV
major immediate early gene; and
(c) a heterologous intron provided in place of the infron A
region of the hCMV major immediate early gene.
2. A nucleic acid construct according to claim 1 wherein the

hCMV immediate early promoter sequence (a) is SEQ ID No. 1.

3. A nucleic acid construct according to claim 1 wherein exb_n
sequence (b) is SEQ ID No. 2.
4. A nucleic acid construct according to claim 1 wherein the

heterologous intron (c) comprises a sequence selected from the group
consisting of rat insulin gene infron A sequence, chicken keratin gene
intron A sequence and chicken cardiac actin gene intron A sequence.

5. A nucleic acid construct according to claim 4 wherein the
rat insulin gene intron A sequence comprises SEQ IN No. 3. |

G. A nucleic acid construct according fo claim 1 wherein the
chimeric promoter sequence is SEQ ID No. 4.

7. A nucleic acid construct according to claim 1 which
comprises a polyadenylation sequence.

8. A nucleic acid construct according to claim 7 wherein the
polyadenylation sequence is derived from a polyadenylation éequenoe bf
a gene selected from the group consisting of rabbit B-globin 'gené, human
papilloma virus (HPV) early or late genes, the HSV-2gB gene, a simian

CMV immediate early gene and HSVgD late gene.




region of the hCwW nmajor imedi ate early gene. 39. A nethod according to
claim38 wherein the construct is delivered directly into a subject. 40. A
nmet hod according to claim39 wherein the construct is -delivered by
injection, transdermal particle delivery, inhalation, topically, orally,
intranasally or transnucosally. 41. A nethod according to claim40 wherein
the construct is delivered by needl e84ess injection. 42. A nethod according
to claim38 wherein the construct is delivered ex vivo into cells taken
froma subject, and the cells are reintroduced into the subject. 43. A

met hod accdd.di ng tA clualein 38cigvheormstruct hac:(mrdﬂngi ¢oaciatim Sonshersint the coat ed

onto carrier partjcles. 44. Cpate t cIe suitable fo deI froma
par t1 o e PolfedPAY Bl checynpe aBy el Eimo e fH0HR OBl ParihGr
particlesp r\@ai(?ds%tlﬂj NonYql 8Ee RSN CPZ‘éerI 2120 gmroelm the construct
conprlses a chineric pronot er sequence and a codi ng sequence in operable

linkage with the &hinweleic gnidneerstruchratoatiingi to tdiwchi nehich furthent er

seqguence onprises hCW i medi ate early pronoter sequence; (b) exon
1 and at CP@QEEe%aﬁé%a B%D@%n 2 of the hCW nmmjor inmmedi ate early gene; and

(c) a heterpi 0gousAl MUERIL RIGRY i S&btiLBE ARSI (N&I4iRT I WherkROitRE of the
hCW maj or i nmedi ate earl écgene 88 45. Coated particles according to claim

44 wher estdnehepeptide df 89 ac| fegmartee garaiporcansisgisge®’ haman dissuge
recept ackfshihod P eld TRALR! BAofiRl | HAPASY ! GfoniRMRIGR "Befit o
tobacco extensin srgna! peptide and chicken lysozyme signal peptide.
12. A nucleic acid construct according to claim 1 wherein a
coding sequence is provided in the cloning site.
13. A nucleic acid construct according to claim 12 wherein the
coding sequence encodes an antigen. |
14. A nucleic acid construct according to claim 13 wherein the
antigen is an antigen of a viral, bacterial, parasitic or fungal pathogen.
15, A nucleic acid construct according to claim 14 wherein the
antigen is HBsAg.
16. A nucleic acid construct according to claim 1 which is a
plasmid vector.
17. A nucleic acid construct according to claim 1 wherein the
nucleic acid is DNA,
18. A nucléic acid construct comprising:
(iy a chimeric promoter sequence which comprises:
{a} ahCMV immediate early promoter sequence;
(o) exon 1 and at least a part of exon 2 of the
hCMV major immediate early gene; and
(c) a heterologous intron provided in place of the
intron A region of the hCMV major _immediate
early gene; and '
(ii) a cloning site for insertion of a coding sequence in

operable linkage with the chimeric promoter; and




47. A particle nediated delivery device |oaded with coated particles
according to claim44. 48. A particle nediated delivery device according to
claim47 which is a needleless syringe. 49. A nethod of nucleic acid

i mmuni sation conprising admnistering to a subject an effective anmount of
coated particles, which particles are suitable for delivery froma
particle-nedi ated delivery device, t8e particles conprising carrier
particles coated with a nucleic acid construct, wherein the construct
conprises a chinmeric pronoter sequence and a codi ng sequence encodi ng an
antigen in (gperabl@)l i nkagenornirbfslafed Chigmiel C psayidnee, amnghiodhergin the
chimeric pronoter sequence conprises (a) a hCW inmmedi ate earl r onot er
sequence; (b) exon 1 arfieriyed| ed$in a PBRVPrEsiZ exaiiigenof SEHEER@EW or

i mredi ate early gene; 1d - agée&u% ogaus | o] ovhged i ce of the
intron A region of th?%%nrmj or |h§r%di gfe 'éigﬁflrnggé\e.?@g ,EHHQ%: eic acid
construct conprising: daqueacer amt ewhidquéncél  (dpeyalde ndimkbiganskigt ed | eader
sequence derived from HBV preS2 antigen 3}3 uence, HBV e-antigen seguence
or HSV type 2 gD anti gdAe&b @%@P"&H%ﬂ@ﬂ |°? a codi ng sequence operably

i nked to (i) and @i) WEhdTtet Qg GHHNGhisE UEERRd fforel §r ol ogous to the
non-transl ated | eadér sequence. (i A nucleic acid construct according to
cl ai m 50 wherein the 8untpmstatadtrregequédér) (of) ai HBsAgeaegdehcanot e group
consi sting of hOW T mgiate parky REOMD g CHgRSSand > Slg" 2BL8S VI T U

sequence and which is in operable linkage with the
chimeric promoter, wherein the enhancer sequence is
downstream of the cloning site.

19. A nucleic acid construct according to claim 18 wherein the

hCMV immediate earty promoter sequence (a) is SEQ 1D No. 1.

20. A nucleic acid construct according to claim 18 wherein exon
sequence (b) is SEQ ID No. 2.
21. A nucleic acid construct according to claim 18 wherein the

heterologous intron (c) comprises a sequence selected from the group
consisting of rat insulin gene intron A sequence, chicken keratin gene
intron A sequence and chicken cardiac actin gene intron A seguence.

22, A nucleic acid construct according to c¢laim 21 wherein the
rat insulin gene intron A sequence comprises SEQ 1D No. 3.

23, A nucleic'acid construct according fo claim 18 wherein the
chimeric promoter sequence is SEQ ID No. 4.

24. A nucleic acid construct according to claim 24 which
comprises a polyadenylation sequence.

25. A nucleic acid consfruct according to claim 24 wherein the
polyadenylation sequence is derived from a polyadenylation sequence of
a gene selected from the group consisting of a rabbit R-globin gene,
human papilloma virus (HPV) early or late genes, the HSV-2gB gene, a
simian CMV immediate early gene and HSVgD late gene.

26. A nucleic acid construct according to claim 25 wherein the




sequence and Rous sarconma virus pronoter sequence. 52. A nucleic acid
construct according to claim50 wherein the coding sequence encodes an
antigen. 53. A nucleic acid construct according to claim52 wherein the
antigen is an antigen of a viral, bacterial, parasitic or fungal pathogen.
54. A nucleic acid construct according to claim50 which is a plasmd
vector. 55. A nethod of obtaining ex@session in manmalian cells of a

pol ypeptide of interest, which nethod conprises transferring into said
cells a nucleic acid construct conprising: (i) a pronoter sequence; (ii) a

non- tranﬁblga@@hwﬁaﬁerseaaen@@ce deldetrd figne midB\grodp e&8nastinggall sequence, HBV
e-anti gen_sequence or antigen se ence and (iii) a coding

sequence@h‘@mﬂ%éﬁ%@ﬁ@ 'yb%ﬁﬁ@i@gﬂ%r%md fSIErQ< NO:oi%i) and (ii) wherein
Lhe codi ng equence. hiafR! ehMl Q9AUAd OabdaiaNid "ARR ey €A Rlnepeduence.

56. A nethod according to c ai m erein t e cons i vered
di rect | ycomposes aetgnebpept&il—:- A method according to claim56 wherein the
construct 2%1 del i ere by inpjection, transdernal t| cI e delivery

0

i nhal ati on pi call 9”0 e6r éﬂcl anﬁW%f‘nﬁﬁP‘Idwgortot e Jdiargin 5*5'?)9 A met hod
accor di ”9|gh§| %%’[I%STS WE&EEle] tfﬁﬁncﬂ{bgt%%gpS@V\lﬁl@ﬁﬁ Vet eﬁur*ﬂﬁn”“ﬁ@%@' ess

i nj ection. nmet hod according to cl erern the construct is
del i ver edlaemlm'gm iadtigaioel sgrabkeeptideonthdPéab],eaprotanid  tigeak epepidar e

rei ntrody% into the.subj
0 acco extensin signa

pephde %Rd chicken lysozyme signal peptlde

29. A nucleic acid construct according to claim 18 wherein a
coding sequence is provided in the cloning site.

30. A nucleic acid construct according 1o claim 29 wherein the
coding sequence encodes an antigen.

31. A nucleic acid construct according to claim 30 wherein the
antigen is an antigen of a viral, bacterial, parasitic or fungal pathogen.

32. A nucleic acid construct according to claim 31 wherein the
antigen is HBsAg.

33. A nucleic acid construct according to claim 18 which is a

plasmid vector.

" 34. A nucleic acid construct according to claim 33 which has
the sequence in SEQ ID No. 14.
35. A nucleic acid construct according to claim 18 wherein the

nucleic acid is DNA.

36. A nucleic acid construct according to claim 18 wherein the
non-translated leader sequence is selected from the group cohsisting of
SEQID No. 5, SEQ ID No. 6 and SEQ ID NO : 7,

37. A nucleic acid construct according to c¢laim 18 wherein the
enhancer 'sequence is selected from the group consisting of SEQ ID No. 8
and SEQ 1D No. 9. |

38. A method of obtaining expression in mammalian cells of a
polypeptide of interest, which method comprises transferring into said

cells a nucleic acid construct comprising a chimeric promoter sequence




60. A nethod according to claim55 wherein the nucleic acid construct is
coated onto carrier particles. 61. Coated particles, suitable for delivery
froma particle- nediated delivery device, which particles conprise carrier
particles coated with a nucleic acid construct conprising: (i) a pronoter
sequence; (ii) a non-translated | eader sequence derived from HBV preS2
antigen sequence, HBV e-antigen sequance or HSV type 2 gD antigen sequence;
and (iii) a coding sequence encodi ng a pol ypeptide of interest operably
linked to (i) and (ii) wherein the coding sequence is heterol ogous to the

non- t r angh@t £ ddRf Yequs RER GBIk th EpBas tinC bBeradfe amithhe it cl ai m 61
wherein the carrier particles are gold or tungsten. 63. A doSage receptacle

for a patid clGRimeds at R@miden, vewhemivi cthe c@hpness ngrrosted FEagUestes
accordin rﬁngri%sai m 61. 64. A particle nediated delivery device |oaded with
coat ed g% I'Cl"és according to claim61l. 65. A particle nmediated delivery

devi ce accqgyli ng t@hChviy meddiaideshy bfondotBEssdRIirees syringe. 66. A nethod of
nucleic acid i mmuni sation conprising admnistering to a subject an
effective dRbunt o®xWoal ed®fardli deast vihi EAM Hife ot aBl &f f $i€ dBCMMery from a

el W YRR ooy e e o2 o eLng el
sequence; ((tj) a nantetaokigatied inteadeproyiizdenae ece vetl fHeomnkiBh px eS2
region of the hCMV major immediate early gene.

39. A method according to claim 38 wherein the construct is
delivered directly into a subject. '

40. A method according fo claim 39 wherein the construct is.
delivered by injection, fransdermal particle delivery, inhalation, topically,
orally, intranasally or tfransmucosally.

41, A method according to claim 40 wherein the construct is
delivered by needieless injection. |

42. A method according to claim 38 wherein the construct is
delivered ex vivo into cells taken from a subject, and the cells are
reintroduced into the subject.

43. A method according to claim 38 wherein the nucleic acid
construct is coated onto carrier particles.

44, Coated particles, suitable for delivery from a particle-
mediated delivery device, which particles comprise carrier particles
coaté_d with a nucleic acid construct wherein the construct comprises a
chimeric promoter sequence and a coding sequence in operable linkage

with the chimeric promoter, and wherein the chimeric promoter sequence

comprises:
(a) a hCMV immediafag early promoter sequence;
)] exon 1 and at least a part of exon 2 of the hCMV
' major immediate early gene; and
{C) a heterologous intron provided in place of the intron A

'region of the hCMV major immediate early gene.




antigen sequence, HBV e-antigen sequence or HSV type 2gD antigen sequence;
and 91 (iii) a coding sequence encoding an antigen operably linked to (i)
and (ii) wherein the coding sequence is heterologous to the non translated
| eader sequence. 67. A nucleic acid construct conprising: (i) a pronoter
sequence; (ii) a coding sequence operably linked to the pronoter sequence
(i); and (iii) an enhancer sequence ¥8 of and operably linked to the coding
sequence (ii); wherein the enhancer sequence (iii) is derived froma 3'UTR
of an HBsAg. sequence or a 3'UTR of a siman CW inmedi ate early gene
sequence, 43nd t heCegretingasrfieengsotdihy ¢ Sainer a4ogaieseino théecdrienhancer
sequence. 68. A nucleic acid construct according to claim®67 wherein the

pr onot er PRIGIRSRFR Joid of yingaleBet ed from the group consisting of hCwW

| medi ate egyly er”BBEﬁ%qé%E&;g&Ere '?éreggoﬁaiﬁéiss VédﬁéiédPQQMrgrde\ﬁ§é1“ence and
Rous sarcoma virus pronoler sequernce. : nhucl ei'c aci d construct accordi ng
to cl ai noémprbiag ebatednearticled iabgorgguentsimesiodes an antigen. 70. A nucleic
aci d constmépt according to claim®69 wherein the ?ntigen i,s an antigen of a

. . , S
viral, bact®rial, Parkil¢iec BedriptadepMogayicer. 19adesc| ¥itR agqaie¢onst r uct
accor di ”ga&@ie‘élﬁcﬁ?q@?g y&h&g{hhg. a plasmd vector. 72. A nmethod of obtaining
[ [ I

expression in manmalian cells of a polypeptide of interest, which nethod
conpri ses t48ansf erAi martiok omediiaded cebliwera deebei acaeidihg olostalaiot 40npri si ng:
(i) a PT OAehSs asnee%%?qusesf syringe.

49. A method of nucleic acid immunisation comprising
administering to a subject an effective amount of coated particles, which
particies are suitable for dslivery from a particle-mediated delivery device,
the particles comprising carrier particles coated with a nucleic acid
construct, wherein the construct comprises a chimeric promoter
sequence and a coding sequence encoding an antigen in operable linkage

with the chimeric promoter, and wherein the chimeric promoter sequence

COMprises _ -

(a) a hCMV immediate early promoter sequence;

(b} exon 1 and at least a part of exon 2 of the hCMV
major immediate early gene,; and

(c} a heterdlogous infron provided in place of the infron A
region of the hCMV major immediate early gene.

50. A nucleic acid construct comprising:

B a promoter sequence;

SR a non-translated leader sequence derived from
HBY preS2 antigen sequence, HBV e-antigen
seguence ar HSV type 2 gD antigen sequénce; and '

(iii) a coding sequence opera_bly linked to (i) and (ii}

whersin the coding sequence is heterologous to the non-transiated leader
sequence.

51. A nucleic acid construct according to claim 50 wherein the




(11) a coding sequence encodi ng the pol ypeptide operably linked to the
pronoter sequence (i) ; and (iii) an enhancer sequence 3' of and operably

| inked to the coding sequence (ii); 92 wherein the enhancer sequence (iii)
is derived froma 3 UTR of an HBsAg sequence or a 3'UTR of a siman CW

i mredi ate early gene sequence and the coding sequence (ii) i's heterol ogous
to the 3'enhancer sequence. 73. A netgpd according to claim 72 wherein the
construct is delivered directly into a subject. 74. A method according to
claim73 wherein the construct is delivered by injection, transdernat
particl e pighbiéer ¥equditR! i)l o), séiestedalilom ther drbip bohdigmRs adt YaOMV _
transnucqsalby. 75. A method according to claim 74 wherein the construct is
del i ver edMpipdipded| epdys PieRAIe] orsedpENcA netseud ot di ViG!st o EPAPHr72
wherein i i truct | t to carrier particles, 77.
Coat ed p§?§F@ﬁ%£5“§5?P%gF%% orwhgiégb }ggg%ﬁggegarticle- medi at ed del i very
devi ce, whigh partaclresletonguid St edicdeddihd Clee sclaigpas®dwvméiein ahsucl ei c
acid construct conprising:; (i) a pronoter sequence; (ii) a coding seguence
encodi ng cR4KEISpSEBRFe eneAdgsAEAREGeN. operably |inked to the pronoter sequence

(1): and (154)"an shERESE SSGUEIRIG: OhocthingPR bl £PNGhert e coding

sequence (i1); wherein e enhancer sequence (ill1) 1 oma 3' UTR
of an HBsAtigers mqareactigenr ofaa Grdllbaciérial, pamkitio cCidhdaipathiogea. early gene
sequence anqq t he S\odi ng.sequence (ii) is hg_t er?l oglous %8 t he 3' enhancer
sequence. 54. nucteic acid construct according to c¢laim which is a

plasmid vecior,

55. A method of obtaining expression in mammalian cells of a
polypeptide of interest, which method comprises transferring into said
celis a nucleic acid construct comprising:

6} a promoter sequence;

(i) a non-franslated leader sequence derived from HBV
preS2 antigen sequence, HBY e-antigen sequence or HSV type 2
gEianﬁgensequence;and

(ii1) a coding sequence encoding the polypeptide operably linked
to (i) and (ii)

wherein the coding sequence is heterologous to the non-franslated leader
sequence.

56. A method according to claim 55 wherein the construct is
ddNemddUedWimbaSUWed.

- 57, A method according to claim 56 wherein the construct is
delivered by injection, iransdermal particle delivery, inhalation, topically,
orally, intranasally or fransmucosally.

58. A method according to claim 57 wherein the construct is
delivered by needleless injection.

59. A m.ethod according to claim 55 wherein the construct is
delivered ex wvivo into cells faken from a subject, and the cells are

reintroduced into the subject.




78. Coated particles according to claim77 wherein the carrier particles
are gold or tungsten. 79. A dosage receptacle for a particle nediated
delivery device conprising coated particles according to claim77. 93 80.
A particle mediated delivery device |oaded with coated particles according
to claim77. 81. A particle nediated delivery device according to claim80
which is a needleless syringe. 82. A dtethod of nucleic acid inmunisation
conprising admnistering to a subject an effective anmount of coated
particles which particles are suitable for delivery froma particle

medi at ed ded0.very devhetdodt ecomad i el &fitoMmy i wha@irc athel efuchsad t heijes coat ed
with a nucleic acid construct conprising: (i) a pronoter sequence; (ii) a
codi ng sEEURAH iepRAad RgtapardAt PERleSper ably 1inked to the pronoter

sequence (cg4 and fFibildy @ %@gﬁce ; e Al an perabl.y . jnked to
the codi ngégequen?gbi(el)dl i ;b;aﬂ Iel’ei ér;lu'faﬁfeweﬁ an?glr“pésr&qug?\@e i I‘j}{mlclsenderi ved
froma 3'nméitell adelhBsAg devmguenetdicior @arBtiel R @im@rise mearr@kV partieldsat e early

gene sequence .and the codi,ng sequence (ji) is heterologous to the
3 enhanc@Pa?gdﬂg'hﬂé‘Pc@§ agd\dﬁgF‘?W FOrRYEaded. chimeric pronoter sequence
whi ch corrp(q)i ses: Q@O@OM hgﬁ@eqli ate early pronoter sequence; (b) exon |
and at |east’ a part of axon g of the hCW major immediate early gene; and
(c) a het er(@ ogousainenrtoansiated ieker sagpdrasedaivetifomnt ron A
HBY preS2 antigen sequence, HBY e-antigen
sequence or HSV  type 2 gD antigen sequence:
and
(iii) a coding sequence encoding a polypeptide of interest
operably linked to (i) and (ii)
wherein the coding sequence is heterologous to the non-translated leader
sequence.
62. Coated particles according to claim 61 wherein the carrier
particles are gold or tungsten.
63. A dosage recepiacle for a pariicle mediated delivery device
comprising coated particles according fo claim 61.
64.. A particle mediated delivery device loaded with coated
particies according to claim 61. ,
65. A particle mediated delivery device according {o claim ©64
which is a needleiess syringe. |
66. A method of nucleic acid immunisation comprising
administering to a subject an effective amount of coated particles which
are suitable for delivery from a particle mediated delivery device, the

particles comprising carrier particles coated with a nucleic acid construct

comprising
(i) a promoter seguence;
{ii) a non-translated leader sequence derived from HBV preS2

antigen sequence, HBY e-antigen sequence or HSV type

2gD antigen sequence; and
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(iii) a coding seguence encoding an antigen operably linked to (i)
and (i} wherein the coding sequence is heterologous to the

noh translated leader sequence.

67. A nucleic acid construct comprising:

(i) a promoter sequence;

(ii) a coding sequence operably linked to the promoter sequence
(i); and

(iii) an enhancer sequence 3' of and operably linked to the

coding sequence (ii);
wherein the enhancer sequence (iii) is derived from a 3'UTR of an HBsAg
sequence or a 3'UTR of a simian CMV immediate early gene sequence,
and the coding sequence (ii) is heterologous to the 3'enhancer sequence,

68. A nucleic acid construct according to claim 67 wherein the
promoter sequence (i) is selected from the group consisting of hCMV
immediate early promoter sequence, Pseudorabies virus promoter
sequence and Rous sarcoma virus promoter sequence.

69. A nucleic acid construct according to claim 67 wherein the
coding sequence encodes an antigen.

70. A nucleic acid construct according to claim 89 wherein the
antigen .is an ahﬁgen of a viral, bacterial, parasitic or fungal pathogen.

71. A nucleic acid construct according to claim 67 which is a
plasmid vector. |

72. A method of obtaining expression in mammalian cells of a
polypeptide of interest, which method comprises {transferring into said
cells a nucleic acid consfruct comprising:

(i) a promoter sequence;

(i) a coding sequence encoding the polypeptide operably linked

to the promoter sequence (i) ; and

(iii) an enhancer sequence 3' of and operably linked to the

coding sequence (ii);
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wherein the enhancer sequence (iii) is derived from a 3'UTR of an MBsAg
sequence or a 3'UTR of a simian CMV immediate early gene seguence
and the coding sequence (ii) is heterologous to the 3'enhancer sequence.

73. A method according fo claim 72 wherein the construct is
delivered directly into a subject.

74. A method according to claim 73 wherein the construct is
delivered by injection, transdermal particle delivery, inhalation, topically,
orally, intranasalty or fransmucosally.

75. A method according to claim 74 wherein the construct is
delivered by needieless injection.

78. A method according to claim 72 wherein the nucleic acid
construct is coated onto carrier particles.

77. Coated nparticles, suitable for delivery from a particle-
mediated delivery device, which particles comprise carrier particles
coated with a nucleic acid construct comprising:

{iy a promoter sequence;

(ii) a coding sequence encoding a polypeptide of interest

' operably linked to the promoter sequence (i); and

(iii) an enhancer sequence 3'of and operably linked to the

coding sequence (ii);
wherein the enhancer sequence (iii) is derived from a 3'UTR of an HBsAg
sequence or a JUTR of a simian CMV immediate early gene seguence
and the coding sequence {ii} is heterologous to the 3'enhancer
sequence. | |

78. Coated particles according to claim 77 wherein the carrier particies
are gold or tungsten.

79. A dosage receptacle for a particle mediated delivery device

comprising coated particles according to claim 77.
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80._ A particle mediated delivery device loaded with coated
particles according to claim 77.

81. A particle mediated delivery device according to claim 80
which is a needleless syringe.

82. A method of nucleic acid immunisation comprising
administering to a subject an effective amount of.coated particles which
particles are suitabie for delivery from a particle mediated delivery device, the
particles  comprising carrier particles coated with a nuéleic acid
construct comprising: |

{i) a promoter sequence;

(ii) a coding sequence encoding an antigen operably linked fo

the promoter sequence (c); and

(iii) an enhancer sequence 3 of and operably linked to the

coding sequence (iii);
wherein the enhancer sequence (iii} is derived from a 3'UTR of an HBsAg
sequence or a 3'UTR of a siman CMV immediate early gene sequence

and the coding sequence (ii) is heterologous to the 3'enhancer sequence.

83. A purified isolated. chimeric promoter sequence which
comprises:

(a) a hCMV immediate early promoter sequence;

(D) exon 1 and at least a part of exon 2 of the hCMV major

immediate

early gene; and

{c) ~a heterologous intron provided in place of the intron A

region of the hCMV major immediate early gene






