18 February, 2006 Vaccines Field of the Invention 5 The present invention
relates to nucleic acid constructs, host cells conpr+%i tructs
and their use in nucleic acid vaccines. The invention further relates to
vacci ne formul ati ons conprising such constructs and the use of such
formul ations in nmedicine. The invention in 10 particular relates to DNA
vacci nes that are useful in the prophylaxis and treatnent of HV
infections, nmore particularly when admduisieess ed by particle medi ated
delivery. 15 Background to the Invention HIV-1 is the primary cause of the
acquired i mune deficiency syndrone (AIDS) which is regarded as one of

the worl d' s majrd hemldde 3k etiEon Al t hough ext ensive 20 research
t hroughout the world has been conducted to produce a vaccine, such efforts

t hus far have not been successful. Non-envel ope proteins of H V-1 have

been descyi bathande 2 d NGlHda: fH LAl £ 4 MAIRadi StAUEd WshPFpLEEHs such
as the products of the gag and pot genes and, other non- structural

protei ns suchosd: RALLaNeFompy ifs igi STgh (@rediruets And Nes EngfantnJ. Med,

324, 5, 308 ef, 54 191 wndifryantnifl alvediEhbn Bhzader Redi ftds {Hfect.
Dis. J., 11, 30 5, 390 et seq (1992). The Gag gene Is translated fromthe

full -1 ength Reg&cige yiosmpls GEesuresiP ol Yr ciusin siaruet subsddguent | y
cleaved into 3 j NS d h i X Jy ot ej 3n, &APshH protein
and nucleic géijiﬁrl|ngqﬁggﬁg%ﬁngﬁﬁi?%lﬁ?#ﬁi&%ﬁﬁyﬁh%%d% prot ease. (1.
Fundaneni@l ViamslioglarFinglaseBNtKiljde Bcines that are useful in the

prophylaxis and treatment of HIV infections, more

particularly when administered by particle mediated

delivery.
15 Background to the Invention

HIV-1 is the primary cause of the acquired immune

deficiency syndrome (AIDS) which is regarded as one of

the world’s major health problems. Although extensive
20 research throughout the world has been conducted to

produce a vaccine, such efforts thus far have not been

successful.

Non-envelope proteins of HIV-1 have been described and
25 include for example internal structure proteins such as
the products of the gag and pol genes and, other non-
structural proteins such as Rev, Nef, Vif and Tat (Green
et al., New England J. Med, 324, 5, 308 et seq (19291) and
Bryant et al. (Ed. Pizzo), Pediatr. Infect. Dis. J., 11,
30 5, 390 et seqg (1992).

The Gag dgene is translated from the full-lIength RNA to
yield a precurscr polyprotein which is subsequently
cleaved into 3 - 5 capsid proteins; the matrix protein,

35 capsid protein and nucleic acid binding protein and
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and Howl ey M 1996 2. Fields Virology vol 2 1996). The_gag .gene gj rise
to the 55-kilodalton (kD) Gag 5 precursor protein, algdgﬁaﬁﬂﬁﬁgééﬁg whi ch
is expressed fromthe unspliced viral nRNA. During translation, the N
termnus of p55 is nyristoylated, triggering its association with the
cytoplasm c aspect of cell nenbranes. The nenbrane-associ ated Gag

pol yprotein 10 recruits two copies of the viral genomic RNA along with

ot her viral apdotekkal ar (profendsmehatlt Viggérgyt h€ieldddiBig &hitpke DV r al
particle fro e o n., intect el |l .. After .buddi,ng, p55 is
néﬁg HSHFF? ﬁ 958% 2 ?%19% 91r9%8g8tv8# ?hg9§%p.

cl eaved by the “vira encoded protéase (ap gene) 15
during the process of viral maturation into four smaller proteins

desi gnat ed i X |7 CA_(capsid 241), . NC_(nucl psid [p9]),
and pé6. (4) PﬁT%%g%%%oﬂégg %%geﬁ ﬁéﬁSr%EHﬁkgrg%e#ﬁ}og?ﬁtEQQ%%Q?p &8ursors
contai n séverpteotthetrregooasn, waileb aneledl pagedwhiithand eepaeiessied t he
virion as peptides, of various.sizes. These proteins, have.different roles
oo ihe o bHaferBe SRl BYEgokEER oPRRRn PRAHRNE: RRASLRSEEG BPel e
protease and tentihbsites pb5t he moriecbylapedyg 0figgdbrpnat eekytic
processing. The MA polypeptide js derived fromthe N-term nal,
nyristoylateda%%%cbgtbég.wkﬁgtthﬁ‘ﬁﬁF%Eﬁ?%@l?eﬂﬁPﬁCta? aEﬁgg to the inner
surface of theembrames|iPhd BOmbihayesssstabibiizGag pbeypactiche. A subset
of MAis, recruited inside the deeper ers_.of the,virion where it

| a
becomes pArt TFCEPEEE o eXORAPE MO SEBPTYITAE YPRANPAANAL BLPRE MitPeus. (5)
These MA ol esuhes faeal idmdecéheul Adchearel nansper tt oighBesviral genone

because a 35 karyophilic signal on MA |s_recognized by the cellular -2 18
February, oodgidding of the viral particle frdom the sUrface of an
infected cell. After budding, p55 is cleaved by the
virally encecded protease (a product of the pol gene)
15 during the process of viral maturation into four smaller
proteins designated MA (matrix [pl7]1), CA (capsid [p24}),

NC (nucleocapsid [p9]), and p6. (4}

In addition to the 3 major Gag protein, all Gag

20 precursors contain several other regions, which are
cleaved out and remain in the virion as peptides of
various sizes. These proteins have different roles e.q.
the p2 protein has a proposed reole in regulating activity
of the protease and contributes to the correct timing of

25 proteolytic processing.

The MA polypeptide is derived from the N-terminal,
myristoylated end of p55. Most MA molecules remain
attached to the inner surface of the virion lipid

30 bilayer, stabilizing the particle. A subset of MA is
recruited inside the deeper layers of the virion where it
becomes part of the complex which escorts the viral DNA
to the nucleus. (5) These MA molecules facilitate the
nuclear transport of the viral genome because a

35 karyophilic signal on MA is recognized by the cellular

.



nucl ear inport machinery. This phenonenon allows H 'V to_ infect nondividing-
cell's, an unusual property for a retrovirus. 5 The p238@Eebruary; 20061 or ns
the conical core of viral particles. Cyclophilin A has been denonstrated

to interact with the p24 region of p55 leading to its incorporation into

H V particles. The interaction between Gag and cyclophilin Ais essential
because the 10 disruption of this interaction by cyclosporine Ainhibits
viral replicatieonleTheingoreginenhoheGrg Thisepponsmbhenf etlspechfivcabl y

recognizing th = . i i.gnal of H. V. The 15 packagi ng signal
consi sts of foﬁ?fg?gﬁ$%§gﬁ9§§?ﬁgtggégs'I%%a?%ﬂsﬁéﬁrpfﬁgegteeﬁarof the viral
RNA, and is sw#freventsto nediate the incorporation of a heterologous RNA
into HHV-1 virions. NC binds to the packagi ng signal through interactions
medi ated by two zinc-finger notifs. 20 NC also facilitates reverse

transcri pt bon.THhepDb pohypepdvidenr £ginn tedi abeschDt esast bongibet ween p55
Gag and the accessor rotein Vpr, |leading to the incorporation of Vpr

i nto assenbli@f%ﬁ%?%#nt Tﬁ%cb%£5%1+% |O%Q%IE%e%oﬂ?%?ﬂ§t§a§%d05?led | at e
domai n whi ch iimtaegu redf othd hez #f fégi @Ntof ab RSP 881 MYy dEL NG ¥i ri ons
froman infected cell The Po] gene encodes two proteins contajning the two

30 activities HNESHRPIRI MR 1ArQsiih RAFFIFI$F ectTiom, 1R HRT G IGRd t he

i ntegrase protRigwd@ednty faid i opeoisii Dih of M rédsedNai bo-£eld ONA The
primary product, of Pol is cleaved by the virion protease to %Ie|d t he

ani no t er nt naldIREVRIEAT RF wHith Uiz Hst R th i ¢y ekoieerekiardy Fohilpngs 35

synt hesi s’ (RNAriand DM didpctqd. DNA pol ynerase, riboucl ease H) and carboxy
term nal integrase protein. -3

The NC region of Gag is responsible for specifically
recognizing the so-called packaging signal of HIV. The
15 packaging signal consists of four stem loop structures
located near the 5' end of the viral RNA, and is
sufficient to mediate the incorporation of a heterologous
RNA into HIV-1 virions. NC binds tc the packaging signal
through interactions mediated by two zinc-finger motifs.

20 NC also facilitates reverse transcription.

The pé polypeptide regicn mediates interactions between
p55 Gag and the accessory protein Vpr, leading to the
incorporation of Vpr into assembling virions. The pé6
25 region also contains a so-called late domain which is
required for the efficient release of budding virions

from an infected cell

The Pol gene encodes two proteins containing the two

30 activities needed by the virus in early infection, the RT
and the integrase protein needed for integration of viral
DNA into cell DNA. The primary product of Pol is cleaved
by the wvirion protease to yield the aminc terminal RT
peptide which contains activities necessary for DNA

35 synthesis (RNA and DNA directed DNA polymerase,
ribouclease H) and carboxy terminal integrase protein.
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18 February, 2006 H'V RT is a heterodinmer of full-length RT (p6 nd a

cl eavage product (p51) |acking the carboxy term nal ﬂgégéhﬂﬁéﬁegbgge
domain. 5 RT is one of the nost highly conserved proteins encoded by the
retroviral genonme. Two major activities of RT are the DNA Pol and

Ri bonucl ease H. The DNA Pol activity of RT uses RNA and DNA as tenpl ates

i nterchangeably and like all DNA polynerases known is unable to initiate
DNA 10 synt héiVsPd’eimowohettletrorddWrreB? dyprle-lexigith IRF nNplésgulamd teo serve as
a primer (R e actl it herent in aII RT protel 1Y.S t he
essential rolé earIyF?% re ﬂi ﬁafmlnﬁBV|ngcﬁ 9ﬁ¥ ﬁﬁ&“ﬁéﬁbnﬁp

synt hesi s prmn&e@&asbtdsehelevely degrades the RNA fromall RNA - DNA
hybrid nol ecules. Structurally the polynerase and ri bo H occupy separate,
non-over | appi ng domains with the Pol covering the amno two thirds of the
Pol. 20 The B@6ieababybﬁct&ebmnbt highd@deﬁnB@EWeﬂ @k@tbﬁm@ esidadieri ns.

The amno te nln% 23tof these have the_ porti.o % R% %l%ﬁ, Car boxy
termto thesBYi §PPh&STRIEIEN BSRRMG 28 “Rf {16 mag 6 1818 e St el |
the retrovi raheRNAA genoakd Bibopuedeadto H.i neak MADNélby&c'ﬂ:herllt@VeffSe

transcriptase that is res nt._in th infectin art he i nt egr.ase
o onen (R ks AV SSaARYAT AoUErns tREE sa g rEe rohangrap Lo e 196e t he

ends of the auabNDNﬁolymemfasetsheﬁbaﬂd1ece@m@ael €% thetvktal PRWA to a host

chronnsoqgl site to catalyse integration. Many sites in the host DNA can
be targek f%YnFH?égﬁaFPoﬂovﬂktHBEgﬁeﬁHérPﬁtégPé?eexﬂ§t§BHfW8#§ﬁPlFo

catal yse integratkoR kB ¥ pi@mekt (RRANOL

The Rnase H activity inherent in all RT proteins plays
the essential role early in replication of removing the
15 RNA genome as DNA synfhesis proceeds. It selectively
degrades the RNA from all RNA - DNA hybrid molecules.
Structurally the polymerase and ribo H occupy separate,
non-overlapping domains with the Pol covering the amino

two thirds of the Pol.

20
The p66 catalytic subunit is folded into 5 distinct
subdomains. The amino terminal 23 of these have the
portion with RT activity. Carboxy term to these is the
Rnase H Domain.

25

After infection of the host cell, the retroviral RNA
genome 1s copied into linear ds DNA by the reverse
transcriptase that is present in the infecting particle.

_ The integrase {reviewed in Skalka AM ‘99 Adv in Virus Res

30 52 271-273) recognises the ends of the viral DNA, trims
them and accompanies the viral DNA to a host chromosomal
site to catalyse integration. Many sites in the host DNA
can be targets for integration. Although the integrase
is sufficient to catalyse integration in vitro, it is not

35 the only protein associated with the viral DNA in vivo -
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35 the only protein associated with the viral DNA in viéﬁ -4 18 Eggguary,
2006 the large protein - viral DNA conplex isolated fr 2 d
cell s has been denoted the pre integration conplex. This facilitates the
acquisition of the host «cell genes by progeny viral genones. 5 The
integrase is made up of 3 distinct domains, the N term nal domain, the
catalytic core and the ¢ terjmnal domain. The catalytic core donmain

contains all ofh¢ heargequdaenants §oral heNghesmsley ofopot yaucteat tdyl 10
removal] of CD4, the HYV

transfer. The Ne rotein js kno to cause th

receptor, froﬁqgﬁgﬁﬁélc%kiﬁdﬁﬁ?w%ﬁr% %PTﬁ?écih%mﬁrei%ﬁﬁﬁ?%ﬁ%bo%f this
function i s dehatsidex AdditionBddyl Neitdd thd efagdSs W 1dh the shgnabspat hway
of T cells and induces n active state, which in turn nmay pronote nore
efficient gerl®lekFEET dY EHREFTH Wiyl ALPMeRe nutations in this

regi on, whgch cause themnot to encode functional protein and are severely
conprom sed in their replication 20 and pat hogenesis in vivo. DNA vaccines

usual |y consi st aHES i PR OV ettH ST WM 3% itRerfed a

strong pronot &ferntiifhgeRfnaif, iTHEr@sta M th eeodas fidle an et { GEMAT
pepti de and a 25 pol yadenyl ation/transcriptional term nation seguences.

The gene of i AAEEESR- Mm% rrdddel ¥ ¥UIFOF AWMN-TOred GRIRe Bt it i Hedi ¢
pepti de sequencRyifladldmis Qi N Palhageit ry IANMUET WLt i @dgent which is
i ntended to be protected against. The plasm d can be grown in bacteria,
such as 360f ot r@0&fsi%e E.coli and then isolated and prepared in an
appropriate nedi um dependi ng upon the intended route of adm nistration,

bef ore being adm nistered to the host.
The Nef protein is known to cause the removal of CD4, the

HIV receptor, from the cell surface, but the biological
importance of this function is debated. Additionally Nef
15 interacts with the signal pathway of T cells and induces
an active state, which in turn may promote more efficient
gene expression. Some HIV isolates have mutations in
this region, which cause them not to encode functional

protein and are severely compromised in their replication

20 and pathogenesis in vivo.

DNA vaccines usually consist of a bacterial plasmid
vector intoc which is inserted a strong promoter, the gene
of interest which encodes for an antigenic peptide and a
25 polyadenylation/transcriptional termination sequences.
The gene of interest may encode a full protein or simply
an antigenic peptide sequence relating to the pathogen,
tumour or other agent which is intended to be protected
against. The plasmid can be groﬁn in bacteria, such as
30 for example E.coli and then isclated and prepared in an
appropriate medium, depending upon the intended route of
administration, before being administered to the host.
Following administration the plasmid is taken up by cells
of the host where the encoded peptide is preoduced. The

35 plasmid vector will preferably be made without an origin
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Foll owi ng adm nistration the plasmd is taken up by ce!|z of thez&g) t
where the encoded peptide is produced. The 35 plasm d

preferably be nmade without an origin -5 18 February, 2006 of replication
which is functional in eukaryotic cells, in order to prevent plasmd
replication in the mammalian host and integration within chronosomal DNA

of the animal concerned. 5 There are a nunber of advantages of DNA
vacci nati on ref ateykidatiomdihicnal s vheecnadnah tecénkguestifiest]s, it is

predi ct ed thatirlloeca Ise of tIhe gﬂote'gss \A@i ch grea egcogedtb% t he wA
sequence are syhtHesTsed ifr T he hodt2 S theP st PRt UP e Br P oonT3MaT 130 of
the protein wHdstheandiimtesrd ol diinew gt ivecpr @hes smab SoigA ad £dt e t dinthel

di sease state. It is also likely that DNA vaccination will offer
protection agaif&ti®di¥%erent strains of a virus, by generating cytotoxic T

| ynphcyt e sesponse that recognise 15 epitopes from conserved proteins.

Furthernore, because the plasmds_are taken up py the host cells where
anti geni c prot et T&rHeé d’?‘gﬁ?ﬁ‘%d’f aaq?‘(ﬂbt‘?%%?ti P uFRCCHERYENEe wil | be

elicited. The ABGhNGOGY al oy Of f&Hs] 46 nessidn i dohof qeeabi noi dhyer se

I rmunogens into a 20 single Cgrepar ation to facilitate sjnultaneous
i muni sati on i rid &LVHIER Hidb&eHUH Ladd S tREde I e YD rkkgr ound

i nformation i RH@lAld My tthDWNA Vacaidiatd rd St Seskd niDotnel hys el al
"DNA vaccines" 25 Ann. 'Rev Imunol . 1997 15: 617-648, the discl osure of
which is ffcl dded Stersitisean 9t CUHGTERL BY ay-st Prefietentett Kemary of

the Invention3Gilar to the native protein associated with the disease

state. It is also likely that DNA vaccination will offer
protection against different strains of a virus, by
generating cytotoxic T lymphcyte response that recognise

15 epitopes from conserved proteins. Furthermore, because
the plasmids are taken up by the host cells where
antigenic protein can be produced, a long-lasting immune
response will be elicited. The technology also offers
the possibility of combing diverse immunogens into a

20 single preparation to facilitate simultaneous

immunisation in relation te a number of disease states.

Helpful background information in relation to DNA

_ vaccination is provided in Donnelly et al “DNA vaccines”

25 Ann. Rev Immunol. 1997 15: 617-648, the disclosure of
which is included herein in its entirety by way of

reference.

Summary of the Invention

30
The present invention provides novel constructs for use
in nucleic acid vaccines for the prophylaxis and

treatment of HIV infections and AIDS.



The present invention provides novel constructs for use ia nucle!i gcid
vacci nes for the prophylaxis and treatnment of H V inf a S. 18
February, 2006 Accordingly, in a first aspect, there is provided a nucleic
acid nol ecul e conprising a nucl eoti de sequence encoding H 'V gag protein or
fragnent thereof |linked to a nucleotide sequence encoding a further HV
antigen or 5 fragnent thereof and operably |inked to a heterol ogous
pronoter. The Adfagﬂeﬂmgoj/ Sﬁhdanﬁﬁ:keﬁthdﬁeﬁequerieeeWii_Hpreﬁﬁlddﬁ an HV
eptide of, at |east Lno acids. The

epitope and ty IC@ ¥ enc f E agl

nucl eoti de sedu&nce'Fs*“p eT% El Fgeapfﬂﬁféﬁﬁﬂgnéenﬁﬁ ep lg?ngﬂﬁﬁpﬁe

contai ned 10 wridbditg pHagyslgwpiboeinadrofk@yment thphkecat ionke&ueb a

nucl eic acid nol ecul es are formul at ed %%%Q pgar ceu caII ,accept abl e
st

exci pi ent, cartierSOtHIT URBRTLCTOF FBFT 8Ec PhaP hh@eht PEal

conpositi ol stuidghdet fohctder t 4eat opatagng/ mnlaé@phal @Xhétgiottbeg’o&5
infection and AIDS. In a ﬁgeferred enbodi nent the sequence

formul ated ot'PTHeeSur falde bFayment ‘b%r%%@e%%%e%éﬁ% §%ﬁ1‘t‘%ﬂﬁ‘l3% ¥oil
particle medi adifchdls Ugh gt Vs ¥ o e4:ed a@ﬁlégﬁlﬁe@ﬂéo@éea BOpgohd. okn a

preferred enbodi nent of the invention there is. provided a sequence
that highly exjr &s3%t cHRBLAIRraCHAY protei MGk eh! degtRAR FS dhti i sed to

resenbl e the 25 codon,usagenm@l Senesndd MIgﬁeF@fémyl&mmgw ar,
t he gag proteln is optimised to resenble that expressed hunan

genes. ThéUDNAidduig! haselasretd ey ktigut Tan @%\*@lf@)oénﬁe@%b%aﬂ@%e Socko
spel || LIvee | et fiooons iy oy PR S5k lE, BB ey a1 ds he protel

encoded in an organism's genes | near sequence of codons al ong the
DNA nD|ecu|e|p§armaceut1cally acceptable excipient, carriers, diluents

or adjuvants to produce pharmaceutical composition
suitable for the treatment and/or prophylaxis of HIV
15 infection and AIDS.

In a preferred embodiment the DNA sequence is formulated
onto the surface of inert particles or beads suitable for

particle mediated drug delivery. Preferably the beads are

20  gold.

In a preferred embodiment of the invention there is
provided a DNA sequence that highly expressed codes for
gag protein which sequence is optimised to resemble the
25 codon usage of genes in mammalian cells. In particular,
the gag protein is optimised to resemble that of highly

expressed human genes.

The DNA code has 4 letters (A, T, C and G) and uses these
30 to spell three letter “codons” which represent the amino
acids the proteins encoded in an organism’s genes. The
linear sequence of cecdons along the DNA moleculé is
translated into the linear seguence of amino acids in the
protein(s) encoded by those genes. The code is highly

35 degenerate, with 61 codons coding for the 20 natural
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translated into the |inear sequence of amno acids in_the_ protein(s)
encoded by those genes. The code is highly 35 degener € dons
coding for the 20 natural -7 18 February, 2006 am no acids and 3 codons
representing "stop" signals. Thus, nbst am no acids are coded for by nore
than one codon - in fact several are coded for by four or nore different
codons. 5 Wiere nore than one codon is available to code for a given am no
acid, it has deemcobskdyeand hatctétlensodepressagenpat $eop$ sfigonadani sns are

hi ghly non-r L fferent ecies _show.a . different bias _in their codon
T g6l ectton ME" (rtherhare, THETT FEat | HCaH EofioRe MRS Ber ™ ar REGI y
different in @domgt eirsplediessdedt meknagenesdeshfch lay efexpressedrat hi gh
and | ow | evel s. ghis_Pias is different in viruses, plants, bacteria and
manmal i an  celt 5L SHAHAC soriC&Peci es show a stronger bias away froma 15
random codon sel ection than others. For exanple, humans and ot her manmal s

are | ess str I bi ased than certain bacteria or viruses. For these
Hasone. therlete oS Attt BT e0ot bt le TRrears arohehe
expressed i ngive®ldamitio aadd £i P i0d s rieconbbnedt v@e neh X pties sedden 20

manmal i an cells will have aq%éna ropriate distribpution of _ codons for

ef ficient expt3REF FATIICGS Dol $PRt2TE R P e5 HYE TH SO et er ol ogous

DNA sequence mf f £d st €rspe@fe £ 0glns Ord 2Af @buvdantes ofn colons wbich are
rarely 3§served in the host_in which expressjon js to_occur, is 2

5
predi cti¥8 ofS$IRF Het rait by oUdr WXess ot F EhETRt 190 tHht CORYRE . M2 . Bf
enbodi ment  ofpd e e sSetrd AENtidn P Dvd OeSspediods ot wewie| gotdge sequence

whi ch encodes an am no acid . , ‘ ,
which are expressed at high and low levels. This bias is
different in viruses, plants, bacteria and mammalian
cells, and some species show a stronger bias away from a

15 random codon selection than others. For example, humans
and other mammals are less strongly biased than certain
bacteria or wviruses. For these reasons, there is a
significant probability that a mammalian gene expressed

. in E.coli or a foreign or recombinant gene expressed in

20 mammalian cells will have an inappropriate distribution
of codons for efficient expression. It is believed that
the presence in a heterologous DNA sequence of clusters
of codons or an abundance of codons which are rarely
observed in the host in which expression is to occur, is

25 predictive of low heterologous expression levels in that

host.

In an embodiment of the present invention provides a gag
polynucleotide sequence which encodes an amino acid

30 sequence, wherein the codon usage pattern of the
polynucleotide sequence resembles that of highly
expressed mammalian genes. Preferably the polynucleotide
sequence is a DNA sequence. Desirably the codon usage
pattern of the polynucleotide sequence is typical of

35 highly expressed human genes.
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30 sequence, wherein the codon usage pattern of the ucl eo

sequence resenbles that of highly expressed nannaliégggéﬁgggxPégﬁgrably

t he pol ynucl eoti de sequence is a DNA sequence. Desirably the codon usage
pattern of the polynucleotide sequence is typical of 35 highly expressed
human genes. -8 18 February, 2006 In the pol ynucl eotides of the present

i nvention, the codon usage pattern is altered fromthat typical of human
i mrunodefi ciency viruses to nore closely represent the 5 codon bias of the

target organi Hggqgg - i hyman; , Jhe: i godon usage
coefficienf‘%ﬂ?%ﬁé %ggwe 0 %%a%iﬁggéﬁ%éﬁﬁgecodonIbatté%n of "a’ given
pol ynucl eot i deodseguete nesdihies  ttofed frogethatspemressl Godoniman
frequenci es NAYA A r S i y
expressed geﬁg{s?n o%&%y&%&e‘;&{ gisgﬂ%éseggeaée&gn?o%gkawreglﬁétg%r.é%ﬁ]e% Aci ds
Resear ch 199@0dd ks 245)theThe mpdoofgaguenciesy f o rezwi bf the 61

codons (expressed..as .t he nunber oGLurrences occ CE: r 1000 codons
of the sel ected le‘lastlyofa geurrlneas ) glrrhee 1 oncg)or%néisiasgeed oé;ﬁ;lacg]herg? t1f115g E%Wenty
nat ural am nmeacids, 0 hdwhatlddeel walhe datort hpatnestn fafecquentygn used codon

for each am nq aci is.set to 1l and the frequencies for the |ess comon
codons are s?&’ﬁé’&lutcgelolscécgeets\/%%%erﬁceer F et e %st eoaﬂtczhél P THE 61 codons i s

assigned a valpeeiefs.l qada2) flramprerfdired hearhivghlde reixprde soeth deeitesr apfutdie

t ar get $ ecies. In order to calculate a codon usgeéoeffici ené.efor a

specific @ol FRUEICES iT@&, tha LAY oexteree%ﬁeg’fﬁl%?ne $redEl génes ot t hat
speci es, the (seal ed guahuaahtira eachlcodurziefid e ispe dddeapdl yirdid eot i de
are noted and 25 the %eomatri c mean of all these values |is atlileen 6(1by

di vi di ng t he 2&irldr 2lve -natiiitalcd PRESE SPalfifds PR ©

codons (expressed as the number of occurrences occurrence
per 1000 codons of the selected class of genes) are

15 normalised for each of the twenty natural amino acids, so
that the value for the most frequently used codon for
each amino acid is set to 1 and the frequencies for the
less common codons are scaled to lie between zero and 1.
Thus each of the 61 codons is assigned a value of 1 or

20 lower for the highly expressed genes of the target
species. In order to calculate a codon usage coefficient
for a specific polynucleotide, relative to the highly
expressed genes of that species, the scaled value for
each codon of the specific polynucleotide are noted and

25 the geometric mean of all these values is taken (by
dividing the sum of the natural logs of these values by
the total number of codons and take the anti-log). The
coefficient will have a value between zero and 1 and the
higher the coefficient the more codons in the

30 polynucleotide are frequently used codons. If a
polynucleotide sequence has a codon usage coefficient of

1, all of the codons are "most frequent" codons for

highly expressed genes of the target species.




the total nunber of codons and take the anti-|og). ng ﬁOEffi9£ﬁ§§ wi ||
have a val ue between zero and 1 and the higher the nor e
codons in the 30 polynucleotide are frequently used codons. If a

pol ynucl eoti de sequence has a codon usage coefficient of 1, all of the
codons are "nost frequent" codons for highly expressed genes of the target

speci es.- 18 Febmary, 2006 According to the present invention, the codon
usage pattekhacofdihg pol ghacbeesiede whkknphefer &bkycedehudeageodons with

an RSCU val u Ss .t e t ar get
or gani sm AJ?%?%%%ﬁvéFy?ﬁg Eﬁ%ygg gﬁgggéee$§§?té?%gﬁggpﬁgng gggcodons
repr esent i ngcosd0% wiithhenc8d6tdsvased bﬁrlaspathhcuDaE am hoghdiyd. A

rel ative synonynous codon usage, (RS | u er
codons divid%ﬁ¥5§s?ﬁ ﬁﬁﬂﬁéroexpéctg%%ggg aFPa %ons ?%8%%3?10% 6 aC|d
wer e used equiadl yodOnf uequenthyteAnpeliyhuekedtiddecotiohbherppeseantingenti on
wi |l generally hay codon usage coefficient (ar. RS for hlgh
expressed huﬁ%% %ﬁeghgfcaaggFeﬁS?ﬁa 06.§,paﬁFéF3%35Iy épga?er tha% 0.4,
nost pref er abdyagieat egnbhgnoud. bofodonsugagersabh esafoe hamahecan al so be
found in 15 nebank. In co risqon, a_highly expressed beta actl ene has
LU RS of PR atentBheh Beagadoun: et ared RinbREapnuRer pEssEpe
bel ow. 20 25; 80285 48dsadonobsaget Tabt o lacHamwesapiuesaa fgbpliy: 27143
CDS' s (12816923 codons) , . .
frequently. A polynuclecotide of the present invention
will generally have a codon usage coefficient (or RSCU)
for highly expressed human genes of greater than 0.3,
preferably greater than 0.4, most preferably greater than

0.5 Codon usage tables for human can also be found in

15 Genebank.

In comparison, a highly expressed beta actin gene has a

RSCU of 0.747. The codon usage table for a homo sapiens

is set out below:
20
Codon Usage Table 1:

Homo sapiens [gbpril: 27143 CDS's (12816923 ccdons)

25 fields: [triplet] [frequency: per thousand] ([number])

UUU 17.0(217684) UCU 14.8{189419) UAU 12.1(155645) UGU 10.0(127719)
UUC 20.5(262753) UCC 17.5(224470y UAC 15.8{202481) UGC 12.3(157257)
UUA 7.3( 93924) UCA 11.9(152074) UARA 0.7{ 9195) UGAR 1.3( 16025}
30 UUG 12.5(159611) UCG 4.5( 57572) UBRG 0.5{ 6789) UGG 12.9(165230)

CUU 12.8(163707) CCU 17.3(222146) CAU 10.5(134186) CGU 4.6( 59454)
CUC 19.3(247391) CCC 20.0(256235) CAC 14.9(190928}) CGC 10.8(137865)
cCua 7.0( 89078) CCA 16.7(214583) CARA 12.0(1535%0} CGA 6.3( 80709)
- 35 CUG 39.7(509086) CCG 7.0( 896193) CAG 34.5(441727) CGG 11.6(148666)

AUU 15.8(202844) ACU 12.9(165392) AAU 17.0(218508) AGU 12.0(154442)
AUC 21.6(277066) ACC 19.3(247805) AAC 19.8(253475) AGC 19.3(247583)
AUA 7.2( 92133) ACA 14.9(191518) ARA 24.0(308123) AGA 11.5(147264)
40 AUG 22.3(285776) ACG 6.3( 8036%) AAG 32.6(418141) AGG 11.3{145276)

- 10 -



fields: [triplet][frequency: per thousand] ([ nunber])

UUUL7. 0( 217684) UCUL4. 8( 189419) UAUL2. 1( 155645) UGUL0. 0( 128 Fepruary, 2006
UUC20. 5( 262753) UCC17. 5( 224470) UACL5. 8(202481) UGC12. 3(157257) UUA7. 3(

93924) UCA11. 9( 152074) UAAD. 7( 9195) UGAL. 3( 16025) UUGL2. 5(159611) UCGA. 5(
57572) UAGD. 5( 6789) UGGL2. 9( 165930)

CUUL12. 8( 163707) CCUL17. 3(222146) CAUL0. 5(134186) CGU4. 6( 59454)

CUC19. 3(247391) CCC20. 0( 256235) CAC14. 9( 190928) CGC10. 8(137865) CUAT. 0(

89078) CCA16. 7(314583) @AA@@)OF@S%Q@VG@G@WB( GBY209) (206089, 76509098 BE75D(
89619 CAG34. 5 A1 9 (@@’;1313)6 q(z;gz@gg?%zose GAC 26.1(334158) GGC 22.7(230904}
AUU15 8(20 844tﬁcui gi@%@g ghAéi?. §2¥@5o§ @ﬁiéﬁﬁgiﬁw ;A 16.4(210643)
AUC21. 6( 2770665U8CE1 & BE399B0STAACLD! 8F4524788REL19(53P45955855C AGAY P07
92133) ACA14. 9(191518)AAA24.0(308123)AGA11.5(147264) AUG22. 3(285776) ACGB. 3(
80369) AAG32. 6(418141) AGGL1. 3(145276) -10 18 February, 2006

GUU10. 9( 139611061 AG. B¢ 235639 GAuR 21 4f 286 7d2) B 0% 82138686 er GC

GUC14. 6( 187333) 5CER28. 3362886 £AG2659( B33158) GEC22. 7(290904) GUAT. 0(

89644) GCA15. 9( 203310) GAA29. 1(373151) GGA16. 4(210643) 5GUG28. 8(369006) GOGT. 5(
96455) GAG40. 2(515485) GGG16. 4(209907) Codi ng GC 52.51% 1st |letter GC 56.04%
2nd letter GC 42.35% 3rd letter GC 59.13% 10Codon Usage Table 2
(preferred)): Coodon ussgege fDabbenan(ghebhtyeeéxpressed) genes 1/24/91 (human

T T e
on umb

204 uGAG2420.

0016. 420. ??OOO Fraction

15 Gly GGG 905. 00 18.76 0.24
Gly GGA 525.00 10.88 0.14

Gly GGT 441.00 9.14 0.12

Gly GGC 1867.00 38.70 0.50

20 Glu GAG 2420.00 50.16 0.75
Glu GAA 792.00 16.42 0.25

Asp GAT 592.00 12.27 0.25

Asp GAC 1821.00 37.75 0.75

25  Vval GTG 1866.00 38.68 0.64
Val GTA 134.00 2.78 0.05

Val GTT  198.00 4.10 0.07

val GTC 728.00 15.09 0.25

30 Ala GCG 652.00 13.51 0.17
Ala GCA 488.00 10.12 0.13

Ala GCT 654.00 13.56 0.17

Ala GCC 2057.00 42.64 0.53

35 Arg AGG 512.00 10.61 0.18
Arg AGA 298.00 6.18 0.10

Ser AGT 354,00 7.34 0.10

Ser AGC 1171.00 24.27 0.34

40 Lys AAG 2117.00 43.88 0.82
Lys AARA 471.00 9.76 0.18

Asn BAT 314.00 6.51 0.22

Asn AAC 1120.00 23,22 0.78

45 Met ATG 1077.00 22.32 1.00
Ile ATA 88.00 1.82 0.05

Ile ATT 315.00 6.53 0.18

Tle ATC 1369.00 28.38 0.77

50 Thr ACG 405.00 8.40 0.15

-11 -




AspGATS592. 0012. 270. 25 AspGAC1821. 0037. 750. 75 25V3|GﬁGﬂ866.0038.§g 64
Val GTA134. 002. 780. 05 Val GTT198. 004. 100. 07 Val GTC728. = : 6
30Al aGC&652. 0013. 510. 17 Al aGCA488. 0010. 120. 13 Al aGCT654. 0013. 560. 17
Al aGCC2057. 0042. 640. 53 35Ar gAG512. 0010. 610. 18 Ar gAGA298. 006. 180. 10
Ser AGT354. 007. 340. 10 Ser AGC1171. 0024. 270. 34 40LysAAG2117. 0043. 880. 82
LysAAA471. 009. 760. 18 AsnAAT314. 006. 510. 22 AsnAAC1120. 0023. 220. 78
45Met ATGLO77T08622. 32ACB0 | | eATAB80001. 820. 0B. VPeATT315. 0064530. 18

| | eATC1369. 0028. 380. RZT50Thr ACBA080008. 400. 154211 18 FebBrddry. 2006
Thr ACA373. 007h730. 14ATHr ACT35800070420. 14 Fhr ABC1502. 00815130. 57
5TrpTGG652. 0013. 511. 00 EndTGA109. 002. 260. 55 CysTGT325. 006. 740. 32

CysTGCC706. 0014p 630. 68GA0ENdTA&42. 000. 870. 213.51 1.00
End TGA 109.00 2.26 0.55
Cys TGT 325.00 6.74 0.32
Cys TGC 706.00 14.63 0.68
10 End TAG 42.00 0.87 0.21
End TAA 46.00 0.95% 0.23
Tyr TAT 360.00 7.46 0.26
Tyr TAC 1042.00 21.60 Q.74
15 Leu TTG 313.00 6.49 0.06
Leu TTA 76.00 1.58 0.02
Phe TTT 336.00 6.96 0.20
Phe TTC 1377.00 28.54 0.80
20 Ser TCG 325.00 6.74 0.09
Ser TCA 165.00 3.42 0.05
Ser TCT 450.00 9.33 0.13
Ser TCC 958.00 19.86 0.28
25 Arg CGG 611.00 12.67 0.21
Arg CGA 183.00 3.79 0.06
Arg CGT 210.00 4.35 0.07
Arg CGC 1086.00 22.51 0.37
30 Gln CAG 2020.00 41.87 0.88
Gln CRA 283.00 5.87 0.12
His CAT 234.00 4.85 0.21
His CAC 870.00 18.03 0.79
35 Leu CTG 2884.,00 59.78 0.58
Leu CTA 16&.00 3.44 0.03
Leu CTT 238.00 4,93 0.05
Leu CTC 1276.00 26.45 0.26
40 Pro CCG 482.00 9.99 0.17
Pro CCA 456.00 9.45 0.1¢
Pro CCT 568.00 11.77 0.19
Pro ccce 1410.00 29.23 0.48
45 According to a further aspect of the invention, an

expression vector is provided which comprises and is
capable of directing the expression of a polynucleotide
sequence according to the first aspect of the invention,

in particular the codon wusage pattern of the gag

-12-



EndTAA46. 000. 950. 23 Tyr TAT360. 007. 460. 26 TerAC1042.9 ..000. 74
15LeuTTG313. 006. 490. 06 LeuTTA76.001. 580. 02 PheTTT33618J6eRIEary,2006
PheTTC1377. 0028. 540. 80 20Ser TCG325. 006. 740. 09 Ser TCA165. 003. 420. 05

Ser TCT450. 009. 330. 13 Ser TCC958. 0019. 860. 28 25Ar gCE3611. 0012. 670. 21

Ar gCGA183. 003. 790. 06 ArgCGr210. 004. 350. 07 ArgCGC1086. 0022. 510. 37

30d nCAG2020. 0041. 870. 88 d nCAA283. 005. 870. 12 H sCAT234. 004. 850. 21

H sCAC870. 00181980-78083HeuCi€2884cH05% 780r58alle ST AGENIG3. 440r63sed
LeuCTT238. 004.930.05_LeuCTC1276. ) .26 r .

oy oGtAtoe. 008 HEa L T e s o e BT S50y 10 1 S, Sbo g ygdnes
45Acc3rgi c\g Theaf wetther aspect bef t bei hebhei ofyr anlExpressieapresstion | sf
provi de i checo ises a i s. capabl e_of . di.recting .t r ssi a
pol ynucl eot i gggeggaﬁgﬂbl? g)g\]@‘or](ﬂ n’ga?%efﬁaélf ES clgsg)e}:cpg%ﬁ@hjé%?nggjﬁ?%bn,
in particul aparbecoddenyusagengpat t eral iaf. t hengagpnrd?2 embodiment,  the

expression vector is p7313 (see figure 1).

In a third embodiment there is provided a gag gene under
the control of a heterologous promoter fused to a DNA

10 sequence encoding NEF, a fragment thereof, or HIV Reverse
Transcriptase (RT) or fragment therecf. The gag portion

of the gene may be either the N or C terminal portion of

the fusion.

15 1In a preferred embodiment, the gag gene does not encode
the gag p6 peptide. Preferably the NEF gene is truncated
to remove the sequence encoding the N terminal region-
i.e. removal of 30-85, preferably 60-85, typically about
81, preferably the N terminal 65 amino acids.

20
In a further embodiment the RT gene is also optimised to
resemble a highly expressed human gene. The RT
preferably encodes a mutation to substantially inactivate
any reverse transcriptase activity. A preferred

25 inactivation mutation involves the substitution of W

tryptophan 229 for K (lysine).

Acecording to a further aspect of the invention, a host
cell comprising a polynucleotide sequence according to
30 the invention, or an expression vector according to the
invention is provided. The host cell may be bacterial,
e.g. E.coli, mammalian, e.g. human, or may be an insect
cell. Mammalian cells comprising a vector according to

the present invention may be cultured cells transfected

-13-



18 February, 2006 pol ynucl eoti de sequence is typical of hi%hly exgressed
manmmal i an genes,. preferably highly expressed human g & r may
be suitable for driving expression of heterologous DNA in bacterial insect
or manmalian cells, 5 particularly human cells. In one enbodi nent, the
expression vector is p7313 (see figure 1). In a third enbodi ment there is
provi ded a gag gene under the control of a heterol ogous pronoter fused to
a DNA 10 sequéﬁbevéhﬁbdpﬁgmNEFb%aﬁﬁﬂnﬁﬁﬁﬁt@meleo?lvgrleHdﬁemeﬁ$eatlon

Transcri ptase Ry, Ory, d gﬁynyg ]ﬁ$L“ The gag portion of the gene may be
nal portion of 't

either the N or C term e fusion. 15 In a preferred
enbodi nent, the gag gene does not encode the gag p6 peptlde Preferably

t he NEF gene i r e th 0 r.m_na
region e forovrearft ad TR LoPoReR SRERR Pt halel gy T
pr ef er abl y5t heoRperitiimal  65campnbs deg ds. a20Igmbwmumlm@t1®abodbmgmem$m RT

gene 15 al 50 gRliDaeh L0, (RICTHIEA NON ¥ SXSS36 NUTBN S8pe. THE T

pref erably encodes a fion to'su Tally iact evers
transcri pt asecagpiniistes. A [N eveedo25 |namtlpaéfenraﬂtamnmndmmmwukye$hhhe

substitution %%Hyv tryptophaq)Z%g for K y5|? cordi g to a further
aspect of the nve ﬁfl TOStPH S copriBiR 5 %Iynu | eobfd é&&énce
according to 3@eﬁheabmyﬂm¢bm pamtanlespnxﬂﬁmﬁdvemtnrDmmxmmmpmp$bn@ha
i nvention,is provided. The host cell be ba ria é!
rnatrrmallanl(5 8 %ﬁﬁhn ety 9be in ngéEPClg % n%%??%ﬁc%elﬁj the
conprising a yﬁ@b@tlaacordpmgfb@abnmamﬂ@SQQQuemw@uemwbmay he advuped
cells transfected -13 ,
amlno acid sequence, wherein the codon usage pattern of
the polynucleotide  seguence is typical of  highly
expressed mammalian genes, particularly human genes. In
15 alternative embodiments, the composition comprises a
pharmaceutically acceptable excipient and a DNA vector

according to the second aspect of the present invention.

The composition may also include an adjuvant.

20 Thus it is an embodiment of the invention that the
vectors of the invention be utilised with
immunostimulatory agents. Preferably the
immunostimulatory agent are administered at the same time
as the nucleic acid vector of the invention and in

25 preferred embodiments are formulated together. Such
immunostimulatory agents include, but this list is by no
means exhaustive and does not preclude other agents:
synthetic imidazoquinolines such as imiquimod [S-26308,
R-837], (Harrison, et al. ‘Reduction of recurrent HSV

30 disease using imiquimod alone or combined with a
glycoprotein vaccine’, Vaccine 19: 1820-1826, ({(2001));
and resiquimod [S-28463, R-848] (Vasilakos, et al. °
Adjuvant activites of immune response modifier R-848:
Comparison with CpG ODN’, Cellular immunoclogy 204: 64-74

35 {2000} .), Schiff bases of carbonyls and amines that are

- 14 -



18 February, 2006 in vitro or may be transfected in vivQg Qy adm pisiration
of the vector to the mammual . The present invention ful@#&ilﬂﬂﬁﬁﬁ&@i—a
pharmaceutical 5 conposition conprising a polynucl eotide sequence
according to the invention. Preferably the conposition conprises a DNA
vector. In preferred enbodi nents the conposition conprises a plurality of

particles, preferably gold particles, coated with DNA conprising a 10
vector encodi agnatpbiyhuel goekdeesegqdenceanfighe praventiog. cPléf endbly the

sequence enc?ﬁeéefpy%%%¥%§?? aQLQH ggldtﬁgg?ggge §Q§a§gn the Eoggn ysage

pattern of e po e " seéquence 'S expressed
mamral i an genﬁher@peuttulpmtgnhuahnogenésthenimﬁunalsEshamlbg enmbodi nent s,

t he conpositi a ceutl al | t apl e ci pi and a DNA
voctor P accor rRE Rl RERy SR REEEEEHL EBLy ndCSERAD, PHSKAER £9h- TRG-
conposi ti én nmay a19@5]ﬂﬁluﬁeohnnadjuhembkiﬂé HhﬁSCo%stsmahaenbgdlnent of
the invention t vectors of tpe.inventiogé? llsed 3@

nt are

i munost i mul dtD ?c%.%%tis PHEPRT BF§EEHR ©F niRER f%r@oﬁ

admi ni stered fﬁclﬁmespﬂmeimfmammatehe ﬁpﬁbbiﬁeﬁcsdcweaéOGMGCSFheILHWentiOn

and in 25 pref rred nents rnulat d get her. ch .

i mmunost i mul & ?aagﬁgbgq?%ETu bu? Pﬁ?sa?g Téf b?eé%’sﬁggnénggﬁgﬁgtive

and does nFt $&@@|M@elﬂﬁ@ﬁfeﬂﬂﬁn@§mmaSyDLhBIIDL+D2daZDqU5n@hﬁnEB $8¢ch as

i m qui no S R-837], (Harriso I du urrent HSV

30 diseagg %Wﬁ¥ﬁﬁ?ﬁxg%ﬁéw@§cﬁL gnbf%eg w%%ﬁg f%T@@oﬁ?ﬁt ﬁ 53accine'

Vacci ne 19: I870-d826r {R&HR)ke and ¢6SsEUNIDE bbby 28468 Fu8¥8hs MCP-

(Vasi | akos, et al. Adjuvant activites of imune respgnse ggdiébgg R—§48:
v r an

Conpari son with ¥R ooNPhae M2t BahainoRRTES04TCR23 74D

CD40L, , other immunostimulatory targeting ligands such
as CTLA-4 and L-selectin, apoptosis stimulating proteins

15 and peptides such as Fas, (49}, synthetic lipid based
adjuvants, such as vaxfectin, (Reyes et al., “Vaxfectin
enhances antigen specific antibody titres and maintains
Thl type immune responses to plasmid DNA immunization’,
Vaccine 19: 3778-3786) sqgualene, alpha- tocopherol,

20 polysorbate 80, DOPC and cholestercl, endotoxin, [LPS],
Beutler, B., ‘Endotoxin, ‘Toll-like receptor 4, and the
afferent limb of innate immunity’, Current Opinion in
Microbiology 3: 23-30 (2000)) ; CpG oligo- and di-
nucleotides, Sato, Y. et al., ‘Immunostimulatory DNA

25 sequences necessary for effective intradermal gene
immunization’, Science 273 (5273): 352-354 (1996). Hemmi,
H. et al., ‘A Toll-like receptor recognizes bacterial
DNZA’, Nature 408: 740-745, (2000) and other potential
ligands that trigger Toll receptors to produce Thi-

30 inducing cytokines, such as synthetic Mycobacterial
lipoproteins, Mycobacterial protein pl%, peptidoglycan,

teichoic acid and lipid A.

Certain preferred adjuvants for eliciting a predominantly

35 Thili-type response include, for example, a Lipid A

-15-



35 (2000).), Schiff bases of carbonyls and am nes that are -14 18 February,
2006 constitutively expressed on antigen presenting cdi8 Febiuary, 2006
surfaces, such as tucaresol (Rhodes, J. et al. Therapeutic potentiation of
t he innune system by costinulatory Schiff-base-form ng drugs', Nature 377:
71- 5 75 (1995)), cytokine, chenokine and co-stinulatory nolecules as
either protein or peptide, this would include pro-inflammtory cytokines
such as GN1CS§enﬂyatiwﬂ[ﬂughIaﬁﬂmdﬁngh0ﬂﬁﬁéryﬂ[ﬁﬁprﬂmﬂﬂT§¥ -peferatihy

i nducers suc 15‘ﬁﬁ?9 Th2
i nducers such%a?ﬁ eé;f]%(t%h ? gi}]{#fgj a?} d 1]]{1:9:1%'7% hé ;H:ﬁr rrg)c% ne and
_(I:_(CJ:ASgl nuc:jg'(t)or)ar@grae&zshmﬂeasfm CcﬂJ:nM R:o]r;ajxpﬂ*tal,orl\/l d%elatbte]ta, tmmiﬁfe g

- and o) of V. r ing ligands
such as CTLAMRTafd IS e(ﬁsl T2 eﬁb tosS s @t@rﬁjrﬂ-ﬁnd{ par—;‘fj1 s’ 15 and
pep;ld;a_s sfich %8@?34% \?sy%ﬂimslaw |I[D]pd}-b:5t8ﬁﬁalrﬂ.djg.lvantsf sucht a; |
vaxfectin, s e ax ec | en specifi.c antibody
titres and naloﬁ'rlagl ARt AR5 § Cﬁk?ﬁ%?@’f%’g@s CE\L&

i nuni zat i on' unméaegilne eko: a3_7s?38-131?:8ﬁ*)e s yadeeiteni radratiay TlfﬂlCQFB‘B%fCﬂiSe 20
pol ysorbate 8Q, DOPC and chol esterol, endot oxi n, [LPJ Beut | er

Endot oxi n, * POAR IOlRéJOP@&é&O&ldL? ATE e L AR A q%eéi

i mmunity', Curkent |eqn linn wd\/IQ(HMiZIEQJEQQWO3 923 RB Y %-.QQD)O S. @p el go-
and di - nucleotldes et al Innunostlnulato DNA 25 sequences

necessar yl9 or NeFf- e@t'lo\péflzﬁtoré’d’éiréalg%eﬁéz rJl%cﬂ%VncDéqPWS

(5273): 352- 3341096k alfRMALs0 deRirided, f%rT‘é')Ja'fﬂpll@.e, Bty dtecogni zes
bacterial DNA ,” Nature 408: 740-745, (2000) and ot her potentlal | i gands

that trigger ¥l Pedepcs € 1% InodddEsFhl ABetiheduBined sfisskiatbiivadiich as
synthetic NVC%Q%@E% k@l & saponin, such as Quil A, or derivatives

thereof, including QS21 and QS7 (Aquila
15 Biopharmaceuticals Inc., Framingham, MA); Escin;

Digitonin; or Gypsophila or Chenopodium quinoa saponins.

Also provided are the use of a polynucleotide according
to the invention, or of a vector according to the
20 invention, in the treatment or prophylaxis of an HIV

infection.

The present invention also provides methods of treating
or preventing HIV infections, any symptoms or diseases
25 associated therewith, comprising administering an
effective amount of a polynucleotide, a vector or a
pharmaceutical composition according to the invention.
Administration of a pharmaceutical composition may take
the form of one or more individual deses, for example as
30 repeat doses of the same DNA plasmid, or in a "prime-
boost" therapeutic vaccination regime. In certain cases
the "prime" vaccination may be via particle mediated DNA
delivery of a polynucleotide according to the present
invention, preferably incorporated intc a plasmid-derived

35 vector and the "boost" by administration of a recombinant
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| i poproteins, Mycobacterial protein pl9, peptidoglycan ei choi ¢ %fid and
lipid A. Certain preferred adjuvants for eliciting a.%&éﬂéﬁﬁ%ﬁhﬁ¥¥l-35

Thl -type response include, for exanple, a Lipid A -15 18 February, 2006
derivative such as nonophosphoryl lipid A or preferably 3-de-O acylated
nonophosphoryl lipid A MPL(r) adjuvants are available from Cori xa
Corporation (Seattle, WA, see, for exanple, US Patent Nos. 4,436, 727,

4,877,611, 5 wi86b, v3atandcdnpls 094) thepGmenpal vingleotidenterestfdes (in
which the q@%ﬁg&&ﬁé@?ﬁgdﬁﬂﬁ tHg"gwa/éﬁ%egA 9{@8@9996%%%?9@1 gﬁ@t'y
uch ol i bed, for

Thl response. onucl eot1 des are wel | own and are desc
exanpl e, in WrD6i02565y WO 99£B3488 whua . BcPareatr #DtNog. PBEDOSBI200 and

5, 856, 462. Igﬂygg ' t L DNA, S a I seri ,

exanpl e, by Sato %%é@g+&,P%%%encey2%g§§£§$§39ggrﬂ%£%¥%§rE%r%?ﬁ??%ﬁEadjuvant
conpri sesSa sapbnilme sucht as QUR| vAccDre def | Via¢i pessenhetvotntiogl udi ng
QS21 and Qs7 wla 1 I ophar maceut | I F 1,ngh . Escin;

Di gitonin; oﬁg ﬁg%%%i %§%$ %ﬁeﬁ%ﬂ@%i%ﬁ?&%{H%%O%%p%%ghgg %ﬁ%% r%Vided are
t he use of a pol ynucleotide according to the invention, or of a vector

according to the 20 invention, in the treatnmept or prophyl axis an_H'V

i nfection. Tﬁél6?%@%%%m?%5%n?¥d%h%l%%V%Q%b?%egrﬁéTﬁg%g %¥ ?%%htﬁ%g g%r
preventing HRE igifecd 106Sa ranyosyand basedr diseasesmpPd, associ at ed
theremﬁtg conprising ad 'nis%ering.an effective amount of _a nent o

pol ynucl éBt | R LR IF & har R ORI MEH RSP I o SR he®fo the
invention. AgmHIwtgad) e pfon Phasrecelli] cal soMpostleonidaywhakie the

form of one or nore 1ndjividual doses, for eﬁ?np%e as .
encodes a fragment of at least 8§, ftor example 8-10 amino

acids or up to 20, 50, 60, 70, 80, 100, 150 or 200 amino
acids in length is considered to fall within the scope of

15 the invention as long as the encoded oligo or polypeptide
demonstrates HIV antigenicity. In particular, but not
exclusively, this aspect of the invention encompasses the
situation when the polynuclectide encodes a fragment of a
complete HIV protein sequence and may represent one or

20 more discrete epitopes of that protein. Such fragments
may be codon optimised such that the fragment has a codon
usage pattern which resembles that of a highly expressed

mammalian gene.

25 Preferred constructs according to the present invention

include:
1. pi7, p24, fused to truncated NEF {devoid of
nucleotides encoding terminal amino-acids 1-63)
30 _
2. pl7, p24, RT, truncated NEF ({devoid of nucleotides
encoding terminal amino-acids 1-65)
3. pl7, p24 (optimised gag} truncated NEF (devoid of
35 nucleotides encoding terminal amino-acids 1-65)
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30 repeat doses of the sane DNA plasmid, or in a "prigE- aoost" ggﬁéapeutic
vaccination regine. In certain cases the "prine" vac Vi a
particle nediated DNA delivery of a polynucleotide according to the
present invention, preferably incorporated into a plasm d-derived 35
vector and the "boost" by adm nistration of a reconbinant -16 18 February,
2006 viral vector conprising the sanme pol ynucl eoti de sequence, or boosting
with the protein in adjuvant. Conversly the primng my be with the viral
vector or with a prgtein I yra @t r
adj uvant 5 an the%%géstp2£tmﬁ#$g%%$%% o] Eﬁe N?esg>gjﬁﬁegﬁﬁlggkah%gtkpp
doses of prine andN@E’b@w%WImhyO@eneﬁéE@Vedesl@Dﬂﬂ&meHﬁﬂ@m%ﬂalhémlno“
invention fragments 9f;,030¢¢ nef or RT proteins are contenpl ated. For
exanple, a 10 polynucleotlge of the invention may encode a fragnent of an
H V gag, dbt or RT protein. A polynucleotide which encodes a fragnent of
at | east 8, ex | e 0 ne, 60, 0,¢100,
150 or 200 am no ggﬁds ?2&1 e%g!th %ﬁg?%ere%u%%a%% S@MEchlir?Q}%elcgcgge of
15 the invention asubdagtaeeshenend@dedt@kmgoaéram@h?pepnd§e1~@édnnstrates
H'V antigenicity. In particular, but not exclusively, this aspect of the
i nvention enconpasses the situation when the pol ynucl eoti de encodes a
fragnment of a6.conpreheaHeY PEGt ei nldseguehcet and: vyt ydpresent twneedr €20
nor e dISC(Fte eplto s of thﬁ% pro;gl 5 Such fragnents nay be codon
opti ni sed “such tha? ﬁ@lﬁFgg A d°85don usage pattern which resenbl es
that of a highly expressed manmal i an gene. 25 Preferred constructs
??ﬁﬁgg;gg hEF ?Seeg bFu ar 9t|§¥Efeg¥ééuj on%tr%%%s Q;é’t %?egnggntion
include triple fusions RT-NEF-Gag, and RT-Gag-Nef

particularly:
15
8. Optimised RT, truncated NEF and optimised P17, p24
(gag) (RNG)
and
9. Optimised RT, optimised pl7, 24 (gag), Nef truncate
20 (devoid of aa 1-65)RGN

It is preferred that the HIV constructs are derived from

an HIV Clade B or Clade C, particularly clade B.

25 As discussed above, the present invention includes
expression vectors that comprise the nucleotide sequences
of the invention. Such expression vectors are routinely
constructed in the art of molecular biology and may for
example involve the use of plasmid DNA and appropriate

30 initiators, promoters, enhancers and other elements, such
as for example polyadenylation signals which may be
necessary, and which are positioned in the correct
orientation, in order to allow for protein expression.
Other suitable vectors would be apparent to persons

35 skilled in the art. By way of further example in this
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nucl eoti des encoding term nal am no-acids 1-65) 30 2. .. D24

truncated NEF (devoid of nucl eotides encoding)ternin§§£§ﬁ¥§553e5§g§1-65)
3. pl7, p24 (optimsed gag) truncated NEF (devoid of 35 nucleotides
encodi ng term nal am no-acids 1-65) -17 18 February, 2006 4. pl7, p24
(optim sed gag) RT (optim sed) truncated NEF (devoid of nucl eotides
encodi ng term nal am no- acids 1-85) 5 5. pl7, p24, RT (optim sed)
truncat ed NEErgdevdi geofrefructeotiatds cokcodi /g -t dodienall agniCderdaiads al- 65)
6. Truncated - o] f .nucheqt jde 1-6 L m sed pl7,
p24 gag. 7. PgrgF Pcrﬁl%gr?&yhgp gfa ér‘rgd ?o#@lelr%nc't ?504 L}“tﬁ%gjgla(r)\cv%%?i%%é%nncl udg
triple fusi ong1BESNEF- Gag, and RT- Gag- Nef particularly: 15 8. Optim sed
RT, truncated NEF and optim sed P17, p24 (gag) (RNG and 9. Optim sed RT
optim sed pl7, 24 (gag), Nef truncate 20 (devoid of as 1-65)RGN It is
preferred 3 habrtiierbbVycoasprlghsciaretder véd theommvantiioY, CoaddoB orseCl ade

C, particularl, ade B. 25 As.discussed_above, the pre i ,nyenti on

i ncl udes expﬁésg%Snlgggpgﬁgntﬁgtacgﬁﬁgpgé EﬁebﬁﬁéﬁggFiggﬁigguéﬁb%s of the
ln?/ent:on. bsulébnex@ngsstma?wectmﬁ&harle captbnel pf pepstidicpedorn thiee art of
nmol ecul ar bi ol ogy and may for ex | e invol ve the _use. of  plasnid.DNA and
appropri ate 39X8¥PFFéP8réF EPSHSP@EE, éﬁﬁ&ﬁegﬁshgnaHStHSFtngﬁgktéfeéuch

the vector is an expression vector. The term “operably

10 linked” refers to a juxtaposition wherein the components
described are in a relationship permitting them to
function in their intended manner. A regulatory
sequence, such as a promoter, “operably linked” to a
coding sequence is positioned in such a way that

15 expression of the coding sequence is'achieved under

conditions compatible with the regulatory sequence.

The vectors may be, for example, plasmids, artificial
chromosomes (e.g. BAC, PAC, YAC), virus or phage vectors

20 provided with a origin of replication, optionally a
promoter for the expression of the polynucleotide and
optionally a regulator of the promoter. The vectors may
contain one or more selectable marker genes, for example
an ampicillin or kanamycin resistance gene in the case of

25 a bacterial plasmid or a resistance gene for a fungal
vector. Vectors may be used in vitro, for example for
the production of DNA or RNA or used to transfect or
transform a host cell, for example, a mammalian host cell
e.g. for the production of protein enceded by the vector.

30 The vectors may also be adapted to be used in vivo, for
example in a method of DNA vaccination or of gene

therapy.

Promoters and other expression regulation signals may be

35 selected to be compatible with the host cell for which
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as for exanpl e pol yadenyl ati on signals which nmay be ssary, ,al whi ch
are positioned in the correct orientation, in order 1 rotein
expression. Qher suitable vectors would be apparent to persons 35 skilled
inthe art. By way of further exanple in this -18 18 February, 2006 regard
we refer to Sanbrook et al. Mlecular Coning: a Laboratory Manual. 2T
Edition. -CSH Laboratory Press. (1989). 5 Preferably, a polynucl eotide of

t he inventi orxpafesisdornuses ddsildied.nventd exantp la,vetineral ish erenadard i nked

to a control, sequence which _is capabl.e of providing for the_ expression of
the coding SEGGONCE e RIS HoeP Taiane it @XoMake ™y e fth=h & Bpr essi on
vector. The tiedmceepenallespbdhdd tkedicangl ales alle & udiXaapeSidnieim, Wherei n t he

conponents described are in a relationship permtting themto function in
t hei r i nt endédemBnaet inArreggitatror y Visaduenoaotegeh sasha asr diast &V40

"operabl ycli " 10 . i nc pas;.ti i C y that 15
expressid% 0?5?ﬁ§ go&?ﬁdgggh eﬁ%g&%g'a?ﬁ#%&egit%ﬁ%%%qégﬂﬂﬁ#ﬁgﬁ%“@@npatible
with the regihaediptsegaeige.(THie prestdes , mepuse safroomex arpive, IFRasni ds,

artificial hr me ... . BAC,  _PAl AC) ., Vir r vectors 20
provi ded wi t rgﬁré??%rngg %rog%lri“@a iré’r“{‘%tc‘%fi )Sr?a\ré‘l #@ ?’Erog‘%%t%g‘ﬂ for the
expressi on oparhecpabyiycltdet H& apdtrepti aegullytanyegelgdtcor (FRR)heay

ronoter. The.,vectors tain one _or nore selectahle rker es, for
el o an SHSPCPRI PRCGY KinAnybERe, SEPDPRRES 3Eke et he Dot E°,
bact eri al0 pl aspddi19r agati@éabikanee tgpenarfor a fungal vector. Vectors may be
used in vitro, for exanple for the production of DNA or RNA or used to
transfect or transforma host cell, for exanple, a nmanmalian host cel
A preferred promoter element is the CMV immediate early

promoter, devoid of intron A but including exon 1. The
promoter element may be the minimal promoter element or
15 the enhanced promoter, the enhanced promoter being
preferred. Accordingly there is provided a vector
comprising a polynucleotide of the invention under the

control of HCMV IE early promoter.

20 Examples of suitable viral vectors include herpes simplex
viral vectors, vaccinia or alpha-virus vectors and
retroviruses, includingllentiviruses, adenoviruses and

" adeno-associated viruses. Gene transfer techniques using
these viruses are known to those skilled in the art.

25 Retrovirus vectors for example may be used to stably
integrate the polynucleotide of the invention into the
host genome, although such recombination is not
preferred. Replication-defective adenovirus vectors by
contrast remain episomal and therefore allow transient

30 expression. Vectors capable of driving expression in
insect cells (for example baculovirus vectors), in human
cells, in yeast or in bacteria may be employed in order
to produce quantities of the HIV protein encoded by the
polynuclectides of the present invention, for example for

35 use as subunit vaccines or in immuncassays.
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e.g. for the production of protein encoded by the vector. 30 The vectors
may al so be adapted to be used in vivo, for exanple i € 2006nA
vacci nation or of gene therapy. Pronoters and other expression

regul ation' signals may be 35 selected to be conpatible with the host cel
for which -19 18 Februa 2006 expression is designed. For exanple, mammalian
pronmoters include the netall othionein pronoter, which can be induced in
response to heavy netals such as cadmum and the (3-actin pronoter. Viral

pronoters suc he. SV40 5 lLarge_T antigen, pr ter, human
byt onegal ovi T ULE R YR ihear A e S ear PEPRT S bPorBber P BRLEEaPathn vi rus
LTR pronoter,uailenbyi instpeoppdenct bonabbPYxpremsien, of pahti entadkey t he

HPV t | at ' URR | d. Al th t
Y upstTeam ol o0y LEOLET (P B 8 spabe basl AL Lhase promcers

pronot er elsenenivé Sot hex Oiivb mere ah ec Bast Yde pr AADt Eherdeyeedoef intron A
but including exon 1. The %ronnter el enent naggbe t he niEinaI r opot er

el enent or 15 YRECERFANERITBFIHDERANE t RECERhANCERCPFEHDBL ef ChefRgmPle to

preferred. Accoighagby her@s| soprondeed Mayeeifll us@NREI sh8gapeutic
pol ynucl eoti de of the invention under the control of HCW I|IE ear]|
promoter. 20 EBEFRHFesinftledfapre H9af, vett bt 8efnt uddA nBRpeinat ibltex

viral vectors,tdagei fhds Orwidd Phar Né I HS1 ¥eGE DESt 2ads &Lt fl@é!i(gbéﬁémti ncl udi ng
| entiviruses, adenoviruses and adeno-associ ated viruses. ne transfer

t echni quedOusiiyenrtbde aFe vseedate KRWRreduEhbsR akithRedIROERR art. 25
Retrovirus veclons. .08 exapple, ey be Used, 10 518bl ¥ori Oke@bBieihNnge11

pol ynucl eoti de of the invention into the ost genone, although such
reconbi nati on d&ltigte, will be modified to include the polynucleotide
to be expressed. Such cells include transient, or
preferably stable mammalian cell lines. Particular
15 examples of cells which may be modified by insertion of
vectors encoding for a polypeptide according to the
invention include mammalian HEK293T, CHO, HeLa, 293 and
COS cells. Preferably the cell line selected will be one
which is not only stable, but also allows for mature
20 glycosylation and cell surface expression of a
polypeptide. Expression may be achieved in transformed
oocytes. A polypeptide may be expressed from a
polynucleotide of the present invention; in cells of a
transgenic non-human animal, preferably a mouse. A
25 transgenic non-human animal expressing a polypeptide from

a polynucleotide of the invention is included within the

scope of the invention.

The invention further provides a method of vaccinating a
30 mammalian subject which comprises administering thereto
an effective amount of such a vaccine or vaccine
composition. Most preferably, expression vectors for use
in DNA vaccines, vaccine ccompositions and
immunotherapeutics will be plasmid vectors.
35
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preferred. Replication-defective adenovirus vectors by ont r ast I n
epi somal and therefore allow transient 30 expression.1@%&#&9@£€&§@§E§ of
driving expression in insect cells (for exanple bacul ovirus vectors), in
human cells, in yeast or in bacteria my be enployed in order to produce
gquantities of the HV protein encoded by the polynucleotides of the
present invention, for exanple for 35 use as subunit vaccines or in

i mrunoassays. RN vEG Halsruaray, 70 GeinTivel s savh ol re dth el 6o rie cof dimakad t he

| nvention havgyutl 'ﬂotry.ééér@% A, OdaUCJ]tii L PYe SARIESSI AN {6 G0 ed
proteins, which exXpression may t'ake pl'ate 1n vitro, in SNVIVG oF ex vi vo.
The nucl eot i dessimay a fsersfngree doe hiigiv ginssgbunre redontimdith grotmsieted

synt hesi S, forwi arm.!p%stoh es N %%S%lyrlleéaq}sc +¥ar & yerIHang: Lksre i
therapeutic agents'tntheir own right, utili'sed’in vaccl nat’i’‘on

t echni ques5S Whgr @atrttd i@ yrudlagetd desy afeltive myr eRMD}10 iAMentfi drhesree used

in the producH qn of the encoded . pr t],?:kgns In.vitro orttﬁx \/quveo, cecl |s, for

. ivery s ms" are wel wn in the art: vector !
exanple in ce S Turd P e Hodi to i nclude e po ynucCI €0t i de

to be expressedy Bechntelldndencltude tmaanmsilerfior @xappdfeeigbimesstabife a
manmal i an cel | .l ines. Partic;ll.ar 15 exg:rgal es of cells which may be nodified

by insertion SET&edfGrSTefEdiVTE ¥ S 54 Bl ypepti de according to the
i nvention'include mammal i an HEK293T, CHO HelLa, 293 and COCS cells.

Preferably the cell line selected wll be one, which is not. only stable,
but al so L/LQI oW S GPTREC e °26 Q’&y(ifgfyIpart‘?stffl’?tar}dwc%’%lloéhF@é’cgeexpressi on of
a pol ypepti dgel1Expi-e8Sbgn amayimbe racHi eved esn siicingfsorimed armeeyiles: 1A

pol ypepti de may be expressed from a polynucl eot.i de of the _ present

i nvention; i nsBE?FP§aBF°&SitYrar‘r?&éﬁ‘ip@rr’r(?ﬁ- n ARV ENeHSHY iy a nouse.

A mucosally.

15 1In a preferred embodiment, the composition is delivered
intradermally. In particular, the composition is
delivered by means of a gene gun particularly particle
bombardment administration techniques which involve
coating the vector on to a bead (eg gold) which are then

20 administered under high pressure into the epidermis; such
as, for example, as described in Haynes et al, J

Biotechnology 44: 37-42 (199¢).

In one illustrative example, gas-driven particle

25 acceleration can be achieved with devices such as those
manufactured by Powderject Pharmaceuticals PLC (Oxford,
UK) and Powderject Vaccines Inc. (Madison, WI), some
examples of which are described in U.S5. Patent Nos.
5,846,796; 6,010,478; 5,865,796; 5,584,807; and EP Patent

30 No. 0500 799. This approach offers a needle-free
delivery approach wherein a dry powder formulation of
microscopic particles, such as polynucleotide, are
accelerated to high speed within a helium gas jet
generated by a hand held device, propelling the particles

35 1into a target tissue of interest, typically the skin.
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25 transgeni ¢ non- human ani mal expressing a polypeptide from a
pol ynucl eotide of the invention is included within th 8 2

i nvention. The invention further provides a nethod of vaccinating a 30
manmal i an subj ect which conprises adm nistering thereto an effective
anount of such a vaccine or vaccine conposition. Mst preferably,
expression vectors for use in DNA vaccines, vaccine conpositions and

i munot her apeditiec Pagtiiclns Gl%rﬁltﬁﬁﬁercﬁhﬂﬂs ggsl brpds Helir d-bcr‘l)/ 2005 DNA

vacci nes may be adm ni ster or "naked  DNA' Ie in a
li quid formul &% oM &t sftegl’aé):} E)S|6fng syr“lnh & 351 TR I‘?HSI or
DNA f or mul at edondiga td ResARS HtaAR HIdd taid ttHeame‘reﬁsem 1eﬂhsancer or 5

by particle nmedi ated DNA delivery (PVDD). All, of these e;llvery syst ens
are wel | knows3Th @O CARSSid&G dor W%Q%t% eﬂé}ﬂ% for

exanpl e bysnmeans of a viral vector delivery system 10 The conposi tions of

t he present |nvent|on can be delivered by a nunber of routes sucqﬁfs
i ntramuscul ar 1, @ SEg@keshesradinanitr &5dsk SRAUGES iahT éﬂﬁéﬁ’(ﬂ?ﬁ

nucosal | y. 15ma:S!r peprabannedamed-mitver R LAMPATdd ahjc-tdeid v ed
intradermal |y n particular, the conposition is delivered by nmeans of a
gene gun par t COMPRSLY 1paet iod] & hep Grsaed e A VARHIANS S Use (996 ques whi ch

i nvol ve  coat E’%%e ltel%de ¥i QR0 qnfaeact pb%&l@%d) oty cfsoaree b 120

adm ni stered high“pressure into the epiderms; such _as, for exanpl e,
as descri bed A Whysbsage flescribRidotiac fhél-ofptaat dpsar 47686824 one

il lustrative exapml §,39as- dnivespart isghegsy; 5,399,163; 5,520,639 and
5,993,412,

The vectors which comprise the nucleotide sequences

15 encoding antigenic peptides are administered in such
amount as will be prophylactically or therapeutically
effective. The quantity to be administered, is generally
in the range of one picogram to 1 milligram, preferably 1
picogram to 10 micrograms for particle-mediated delivery,

20 and 100 nanograms to 1 milligram, preferably 10
micrograms to 1 milligram, for other routes, of
nucleotide per dose. The exact quantity may vary
considerably depending on the weight of the patient being
immunised and the route of administration,

25
It is possible for the immunogen component comprising the
nucleotide sequence encoding the antigenic peptide, to be
administered on a once off basis or to be administered
repeatedly, for example, between 1 and 7 times,

30 preferably between 1 and 4 times, at intervals between
about 1 day and about 18 months. However, this treatment
regime will be significantly varied depending upon the
size the patient concerned, the amount of nucleotide
sequence administered, the route of administration, and

35 other factors which would be apparent to a skilled
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25 accel eration can be achieved with devices such as those, nmanufactured by
Powderj ect Pharmaceuticals PLC (Oxford, UK) and Pomdéﬂ%@@?ﬂﬁggegagg | nc.
(Madi son, W), sonme exanples of which are described in U S. Patent Nos.

5, 846, 796; 6, 010,478; 5,865, 796; 5,584,807; and EP Patent 30 No. 0500 799.
Thi s approach offers a needle-free delivery approach wherein a dry powder
formul ation of mcroscopic particles, such as pol ynucl eotide, are

accel erat ed t oVhF§ALIBPEEJOR FAfACAl heraghi Gasneet — §bRePaté@nbymayhand hel d

devi ce, pfOpe'féegl%éeoﬁéfBkcﬁ8§e3§thQ£0aﬁt§aH99trétfév§r81 4Pk éeéé
typically the skin. -22 18 Februarﬁ 2006 T artic are era ly gold
beads of a 0.4Par® of wpepbdrevepretderbbeytoest- r@g@mm dléﬁ@%bioaﬁﬁlvhéh@NA

conj ugat e coatied. 00t o AbeseiAndhblen REGASEIai: A sEaLLY T HORn O, CaSSEL Lo

for placing into the "gene gun relate odi ment, ot her devices

and net hod?® thedJuvytbe useful for gas-driven needl e-less injection of
conpositions of the present invention include those provided by Bioject,

I nc. (Portland, OR), sone exanples 10 of which are described in U S. Patent
Nos. 4,790, 824the adipay#1B; cEHNBAReB355p&¢ BBBs@5er61 39921 63imbl 520y 689 and

5,993, 412. The, yeal or sy SOIPYL 5. LDe, PUSL 01 L de: seapenses adbognoodi ng

antigeni c peptides are adm nister anount ~as w
prophyl acti caldgutors t hewalpeat | Lot | gxargpfect vie. tHheoqaibintnayato be

admi ni stengd, I & 0ene nf"i’%ra'i}n&é‘@um!‘g l%CI?’pg Qgrm}%)d%:rrgajrlé ram
preferably 1 p| cogramto M CF Ograns 10or e medi a € ry, 20
and 100 nanogrta:lmda)l ]rwuﬁésgra?memmmha,bl’ghdoadnmmgt avempondniy 1$i gram
for other rou%&%ﬁﬂgstered via the intradermal or topical routes. Most
preferably by the topical route. This administration may
take place between about 14 days pricr to and about 14
15 days post administration of the nucleotide sequence,
preferably between about lday prior to and about 3 days
post administration of the nucleotide sequence. The
adjuvant component is, in an embodiment, administered
substantially simultaneously with the administration of
20 the nucleotide sequence. By “substantially simultaneous”
what is meant is that administration of the adjuvant
component is preferably at the same time as
administration of the nucleotide seguence, or if not, at
least within a few hours either side of nucleotide
25 sequence administration. In the most preferred treatment
protocol, the adjuvant component will be administered
substantially simultaneously to administration of the
nucleotide sequence. Obviously, this protocol can be
varied as necessary, in accordance with the type of
30 variables referred to above. It is preferred that the
adjuvant is a 1H - imidazo [4,5¢] quinoline - 4 - amine
derivative such as imiquimod. Typically imigquimod will
be presented as a topical cream formulation and will be

administered according to the above protocol.

35
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nucl eoti de per dose. The exact quantity may vary considerably dependi ng on
the weight of the patient being immunised and the rdﬁiﬁghﬁﬂﬁﬂhgﬂﬁgtration,
25 It is possible for the i mmunogen conponent conprising the nucleotide
sequence encodi ng the antigenic peptide, to be admnistered on a once off

basis or to be adm nistered repeatedly, for exanple, between 1 and 7
tinmes, 30 preferably between 1 and 4 tines, at intervals between about 1

day and aboutOnk® ramaihs. ddgwenEmg tipicn taedat mentiabrlegi nmehw ldodee of
significantly yvari.ed dependi on, the .size the patient concerned, the
St of nuAcBn e Serie SR A e tH s RS OP i St on,
and 35 ot her ficactedsaspiid,chranad dbreveappaienit t0a lags kidd edy 23 st dtebr uary,
2006 veterinagry or medical practitioner., The patient nma ecei ve one. or
nore ot her a?‘f%“ﬁ Ve th%oviaT Sdr B5E g& 6t Hohdite é?é{yalwle’tgﬁ'état%nt
regi me. Agldi ttihenalammallneondedeicc agind 5 raadieden mamy dve drihy sisred with
an 5 adjuvant,. The adj u5v_tacat co Qne_r}lt_ speci fdrﬁed herein ca imlarly be
e

admi ni ster_edl%léiaz?rc\,[ i IS L EmiRES A Ve W es, such as for
exanmpl e, Vi aphb&0iadlly BeSaepeh® douhiimmaraach BubddiseWtaor sidad«aneous,

intradermal o; taopical routes. Preferably, the adjuvant conponent is
admi ni st er ed 3¢d NiFd HRdeRd @b Co MU FIOHIS SREN st MYRtef erabl y by the
topical routercHirsHAGN bl Haklion stakt ilakadRleasa 1heteeer taku abbutays
prior to and about 14 15 days post adm ni stration of the nucleotjde
sequencel!0 plEEePSBl Y IbdPneERUEbOIMA @&F K¥i-or 1o LARd CA6UP 13 AayF 1host
admi ni strati gaoak -t Renauel aet decsagkentRreife tad UnAkfiGRRPeMLHey i n
an enbodi nent, adm ni stered
1H-imidazo[4,5-c]lquinolin~4-amine derivative may be
administered with either the prime or the boost or with
both the prime and the boost.
15
While it is possible for the adjuvant component to
comprise only 1H-imidazo[4,5-c]quinolin-4-amine
derivatives to be administered in the raw chemical state,
it is preferable for administration to be in the form of
20 a pharmaceutical formulation. That is, the adjuvant
component will preferably comprise the 1lH-imidazo[4,5-
clguinolin-4-amine combined with one or more
pharmaceutically acceptable carriers, and optionally
other therapeutic ingredients. The carrier (s} must be
25 “acceptable” in the sense of being compatible with other
ingredients within the formulation, and not deleterious
to the recipient therecf. The nature of the formulations
will naturally vary accbrding to the intended
administration route, and may be prepared by methods well
30 known in the pharmaceutical art. All methods include the
step of bringing into association a 1lH-imidazo[4, 5-
clquinolin-4-amine derivative with an appropriate carrier
or carriers. In general, the formulations are prepared
by uniformly and intimately bringing into association the

35 derivative with liquid carriers or finely divided solid
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substantially sinmultaneously with the adm nistration jf EO t he nasbgot | de
what

sequence. By "substantially sinmultaneous"” s nme

adm ni stration of the adjuvant conponent is preferably at the sane tinme as
adm ni stration of the nucl eotide sequence, or if not, at l|east within a
few hours either side of nucleotide 25 sequence adm nistration. In the nost
preferred treatnent protocol, the adjuvant conponent will be adm nistered
subst anti al | y St EhetisIBOty aif nilsdtatiornefesdery nuehapi@et R quence.

Obvi ously, this RretoctSahdeie YAFd LU A NBEESHAT V. pd Mn@CEHO] JRNCEE Wi th
the type of 30 variables referred to above. It is preferred that the

adj uvant is ath® PrafisiHz ol Ee]oyuihdlanke -for orad mdndeksveatv@n such as
i m qui mod. Typigal | A CHH L1 - | eam

formul ati on anéﬁe\/iﬂl%/ Ei'brregEsq%'fdtrni@!ﬂi‘Elégt erlesdé}gect(%)ﬁgﬁnrggﬁ%o t Za%g%i eﬁ}o]i%%’ocol . 35
-24 18 FebpuarpchZziGs Gndekag T, eaddp arvdi g nuipen & gotevdgtieiiesxd t he dose
of adm nistrat] of Lvarive wll. 0 .\ar.y, ﬁ{:@rrpl e,
range bet vveen%grg)gﬁltt o‘?%%eggé?g‘%t ol(ana(%tioej‘udtl f?)'Or?gsaﬁyerp%{%e{mrﬁée/rr eg]'f'%{e% g"
refers to the asody ssdighitornfors & helgmmmealorconceimediuerhis Jaidm id sir at i on of

the 1 'm dazgld-pn@l il nold iy alll N8 deriall e a0 o RLEfPIahl ¥e g,
peated w th each subsequent or booster adm nistration o e nucleoti de
sequence. Mstor pr efsgreabiin-diie eadnisicst.r atlihen addsieren idg dyad ixsttwesry about
10,19 pefokO i aaa, SUIR A8 Koo bvihe SRl A igsdpost” schere
1H i m dazo[ 4, 5-c] qui nol i n-4-am ne derivative nay be admnistered with
either the pr%ﬁ%a%&e%h%mgpgﬁg1égd§MgJ1cg%gﬁéggy%npgrn%mﬁﬂ%ﬁﬂﬁﬁ boost.

optionally with one or more accessory ingredients.

Compressed tablets may be prepared by compressing in a

15 suitable machine the active ingredient in a free-flowing

form such as a powder or granules, optionally mixed with

a binder, lubricant, inert diluent, lubricating, surface

active or dispersing agent. Moulded tablets may be made

by moulding in a suitable machine a mixture of the

20 powdered compound moistened with an inert liguid diluent.

The tablets may optionally be coated or scored and may be
formulated so as to provide slow or controlled.release of
the active ingredient.

25
Formulations for injection via, for example, the
intramuscular, intraperitoneal, or subcutaneous
administration routes include agqueous and non-agueous
sterile injection solutions which may contain

30 antioxidants, buffers, bacteriostats and solutes which

| render the formulation isctonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile
suspensions which may include suspending agents and
thickening agents. The formulations may'be presented in

35 unit-dose or multi-dose containers, for example, sealed

- 26 -



15 While it is possible for the adjuvant conponent to igggrise gzhﬁ

1H i m dazo[ 4, 5-c] qui nol i n-4-am ne derivatives to be t he
raw chem cal state, it is preferable for admnistration to be in the form
of 20 a pharnaceutical fornulation. That is, the adjuvant conmponent w ||
preferably conprise the 1H i m dazo[4,5- c]quinolin-4-amne conbined with
one or nore pharmaceutically acceptable carriers, and optionally other

t her apeutic i ngfPRUFEREsANFhELRARr | BREsTaKUBE HECPSI" ABcepiaprae-fAieHe

sense of bei ng(rpspatibkeqy tbnathesn Loghedi gyt snwWt bhe LAgifesAuUbLati on
and not deleterious to_the recipient thereof. The nature of the
formul ati ons Wit |ISharital 1yAvhfyCAEESRHI n§O¥ oS XABPL AL et@BBL AR ni stration

route, and mayibeePf £HRE £diMeaBLPOTS ¥Blbr30okneun i pxtbgophansessuti cal
art. Al methods include the step o ringing into association a
1H i ni dazoP4, 5:NEGGut ol $AlUt heRneaddr YR FVel QR Ay ApppbpPaEee EEPR er

or carriers. |dvQenesahowdBesf ofPRhAiLONSHAr€aP1EPAr S8 thy Wphgornly and
intimately bringing into association the 35 derivative with Iiquid carriers

or finely di viRIRVEO$HY - @saBiFebr uaFyrmpboeiens rietsabbe Horh, and then,
i f necessary, 5haplng. h&deﬁfgyﬁétié‘ﬁovié‘etb Z}bxgggaioéfuﬁéééﬂ”cavit

Formul ations of the present invention suita r oral adm nistratfon
may be presentdd dxrefecied esuph tshatughm ekl chpsutertabntag here activdl ets

each cont gpni ng, & Y £, det e&é‘%fﬁ%lﬂf@éﬁmﬁfa tOERCEL Ve “Qkﬁgdiﬁﬁ‘ééf.é‘f. a
powder or granules; ~as ‘a solutiom or a suspension In an aqueous”Tiquid or
a non-aqueoud .5 cqua di micmsnan @fe -dalivetesd |ine dleenbséphial wree

water -in-oi | emulsion.. The; agtI e, naned Ao Yo O abit O BanpI SOERR €T 25 2
bol us, el ectuary or paé% .

are that they are in the form of finely comminuted

powders which may conveniently be presented either in a

15 piercable capsule, suitably of, for example, gelatine,
for use in an inhalation device, or alternatively, as a
self-propelling formulation comprising active ingredient,
a suitable liquid propellant and optionally, other
ingredients such as surfactant and/or a solid diluent.

20 Self-propelling formulations may also be employed wherein
the active ingredient is dispensed in the form of
droplets of a solution or suspension. Such self-
propelling formulations are analogous to those known in
the art and may be prepared by established procedures.

25 They are suitably provided with either a manually-
operable or automatically functiconing valve having the
desired spray characteristics; advantageously the valve
is of a metered type delivering a fixed volume, for
example, 50 to 100 pL, upon each operation thereof.

30
In a further possibility, the adjuvant component may be
in the form of a solution for use in an atomiser or
nebuliser whereby an accelerated airstream or ultrasocnic
agitation is employed to produce a find droplet mist for

35 inhalation.
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A tabl et may be made by conpression or noul di ng, optioggllé mﬁtgg% or
nore accessory ingredients. Conpressed tablets nmay b

conpressing in a 15 suitable machine the active ingredient in a
free-flowng formsuch as a powder or granules, optionally mxed with a
bi nder, lubricant, inert diluent, lubricating, surface active or

di spersing agent. Moul ded tablets nay be nade by noulding in a suitable
machine a mxture of the 20 powdered conpound noistened with an inert

liquid dil uentpe dhe 4 @058l SsiByai9PL | el | ¥ Pen 2021 efiRin SOFLd; Sd may be

formul ated so as to provide slow or controlled release of the active
i ngredi ent. 2%Forrad by i orslyde EPIF\?%%IPTF@W%% s i} lakampl Ercghe

i ntranuscul ar,gd gt r | honeal 5o 07 SHRGHE ANCOMS; A i 51X até%ﬁ? €Pt

i ncl ude aqueous and non-aqueous ster e 1 njection solufions whic
cont ai n 303antiioxiurirsredufdersucibabe ey bat bers gl @V@t%@%ﬁmlerender

the fornul ati o Jaatoni & Wid Lhie,dl 9pdely ey i otandad Seeiplentsg and

aqueous and non-aqueous steri | uspensi ons may i nc suspehdi ng
agents and tHickemng agermrst i Thevf oyl ¢ omsaiycasel oy esefh el may 3se

uni t-dose or g 0 Jo! X S 26,48, February,
2006 anpoul esr%gn vvldea %f cf'arfi[r;b?%jeprfst%h?e:da[ﬁé a ragglzog‘-gdderlgeo ?I yophi | i sed)
condi tion reqmunmagalcnfllgaztﬁnezmmltz&}n af chdiecstel iare 4ok oxtreier, for

exanpl e, ter, for %&%Ctlosrilsltabmdfo%}r@lya é[%r lL{?Cg:e g%g or aneous 5
S

I nj ection Sol utlons and suspensi ons na re ared Trom e powders,
granul es and toabidetrs dfatihey ld rlmrq:)rce]xe oin&-hr}etmsc:m 01311 = ﬂ%mgmlcaﬁ | @msut

suitable for pulmongry, AUP LA 4.2 S8 PUASA e An B AaSRY 1Y

inhalation through the nasal passage from a container
held close up to the nose, and nasal drops comprising

15 about 0.2 to 5% w/w of the active ingredient in agqueous
or oily solutions. In one embodiment of the invention, it
is possible for the vector which comprises the nucleotide
sequence encoding the antigenic peptide to be
administered within the same formulation as the 1H-

20 imidazo[4, 5-c]quineolin-4-amine derivative. Hence in this
embodiment, the immunogenic and the adjuvant component

are found within the same formulation.

In an embodiment the adjuvant component is prepared in a

25 form suitable for gene-gun administration, and is
administered via that route substantially simultaneous to
administration of the nucleotide sequence. For
preparation of formulations suitable for use in this
manner, it may be necessary for the l1H-imidazo[4,5-

30 clgquinolin-4-amine derivative to be lyophilised and
adhered onto, for example, gold beads which are suited

for gene-gun administration.
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are presented such that particles containing the active 10 in%rggignt,
desirably having a dianeter in the range of 0.5 to 71 : 0
delivered into the bronchial tree of the recipient. Possibilities for such
formulations are that they are in the formof finely conm nuted powders

whi ch may conveniently be presented either in a 15 piercable capsule,
suitably of, for exanple, agf_l atine, for use in an inhalation device, or

| e
al ternati vel y,ITa@m 25015 FRRRA MUl it CohAT si TRPRR§ Ve may
i ngredient, e uidmbliedd i@l dpronet) adwdand optd anadt Yoroidere 2hs
I ngredi ents such as surfactant and/or Self-propelling formulations may
al so the actRFEAWG & ent is dispensed in droplets of a solution or
suspension. propelling forrmulations are the art and nmay be prepared
anal ogous a solid diluent. be enployed wherein the formof Such self to
t hose knowh i EVsy ddt awiti Slegan e Ty  THey MayYe RSUiaRIBIYPHradhR ded
with either agEnyald ydiRReA0l &riioona ikaldon frinatd Qi ngt v v diavi ng
the desired spray characteristics; advantageously the valve is of a
met ered type ddl wariengdminibaddardlamsitioas dienpiusleasyids BEIYANCaUpon
each operation thereof. 30 In a further possibility, the adjuvant conponent
may be in the formof a solution for use in an atom ser or nebuliser
wher eby an acé&¢heraded adilss orfe ahagmagautdsedi @reparations can be found

10 in Remington’s Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pennysylvania (1985), the disclosure of
which is included herein in its entirety, by way of

reference.

15 Suitable technigques for introducing the naked
polynucleotide or vector into a patient also include
topical application with an appropriate wvehicle. The
nucleic acid may be administered topically to the skin,
or to mucosal surfaces for example by intranasal, oral,

20 intravaginal or intrarectal administration. The naked
polynuclecotide or vector may be present together with a
pharmaceutically acceptable excipient, such as phosphate
buffered saline {PBS). DNA uptake may be further
facilitated by use of facilitating agents such as

25 Dbupivacaine, either separately or included in the DNA
formulation. Other methods of administering the nucleic
acid directly to a recipient include ultrasound,
electrical stimulation, electroporation and microseeding

which is described in US-5,697,901.

30
Uptake of nucleic acid constructs may be enhanced by

several known transfection techniques, for example those
including the use of transfection agents. Examples of
these agents includes cationic agents, for example,

35 calcium phosphate and DEAE-Dextran and lipofectants, for
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agitation is enployed to produce a find droplet m st fOE 35 ingﬁtgtion.
-27 18 February, 2006 Formul ations suitable for intr i ration
generally include presentations sinmlar to those described above for

pul nonary adm ni stration, although it 5 is preferred for such formul ati ons

to have a particle dianeter in the range of about 10 to about 200 m crons,
to enable retention within the nasal cavi té This may be achieved by, as

appropri at e, USERIea PRAISCHT™ fnddifabi e dat clBisidsew thdite of an

appr opri ate Halive.a Qo K tak g f HdRLALdANDd el e goar se  powder s
having a particle dianeter in the range of about 20 to about 500 m crons,

for admnistration by rapid inhalation through the nasal passage froma

contai ner  hel ¢ 1105€ UR: D JNRdINSE o AN NFHA s HOBH EAPId 18 iy Jo1 apout
0.2 to 5% ww of the active ingredient in aqueous or oily solutions. In

one enbod? medte GAMind Starast ivh means jaf Foaqinld Fest delel MRkt dreGitf th
conpri ses the Juyclieql) denSeGHaNGS, encad %é%;ﬂﬁ%@dﬂ&@@m@e to be

adm nistered within the same formilation as the-l

i m dazo[ 4, 5- cligeiussleich-fpramixampder itpatMarane Hgheel i Wathize léibbdi ment, the

I munogeni c . _agjuva 0 nt re f Wit hi gstaegys

formul ati on. glré%‘tzg%%e%gﬂgdi rre%tr?tt?} %%% ] l?vnélﬁtn cno%pig%elnt‘}elms%p% Ié%ar edina 25

form suit abl @ef asegenevguwalatmsudstanatticos, iad ude adminuwitireyled via t hat

route su%ta ti I.lgy si,mul t aneous t.o eadrri ni strat.iqgn of .the nycleotide
nS i | &

sequence:’ For-® &fPari GNP YAl &40 ASFAARTES o Wik IS
manner, it mayrhe,neeessapn ehd Recbinin-ddzel4 bas3d eyptana i nNbrai ne
de_ri vative Lo .9e lI %O%gidl isse(jc ?n%d inec‘: I?.le eeq:liorré:tc ' afd(r)nrin%)é% alteJ.’ong%lfd beads
whi ch are sultéd+ P4 yste
nucleic acids, microsphere encapsulation technology
{poly (lactide-co-glycolide) and, liposome-based systens.
15 Viral and non-viral delivery systems may be combined
where it is desirable to provide booster injections after
an initial vaccination, for example an initial "prime"
DNA vaccination using a non-viral vector such as a
plasmid followed by one or more "boost" vaccinations
20 using a viral vector or non-viral based system.
Similarly the invention contemplates prime boot systems
with the polynucleotide of the invention, followed by

boosting with preotein in adjuvant or vice versa.

25 A nucleic acid sequence of the present invention may also
be administered by means of transformed cells. Such
- cells include cells harvested from a subject. The naked
polynucleotide or vector of the present invention can be
introduced into such cells in vitro and the transformed
30 cells can later be returned to the subject. The
polynucleotide of the invention may integrate into
" nucleic acid already present in a cell by homologous
recombination events. A transformed cell may, if
desired, be grown up in vitro and one or more of the

35 resultant cells may be used in the present invention.
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for gene-gun adm nistration. 18 February, 2006 In an alternatlve

enbodi nent, the adjuvant conponent nmay be adm nister er,
via high pressure gas propulsion. 5 Even if not fornul ated together, it
may be appropriate for the adjuvant conmponent to be adm nistered at or
about the same administration site as the nucl eotide sequence. O her
details of pharmaceutical preparations can be found 10 in Rem ngton's
Phar maceut i caFebéFeraBsbeVaErvVPdBHi shi A epppanyiakgseéfie Panay&ptgnita

(1985), the digclasunesbq;vhicBi astackudsdcher ebinhighs qBtirety, by vay

of reference.” 15 Sul techni ques tor introducing t'he nake

pol ynucl eot i dereftiegt onitnpoinipatient akse)include topical application
wi th an appropriate vehicle. The nucleic acid may be adm ni stered
topically to the skin, or to nmucosal surfaces for exanple by intranasal
oral, 20 jntrBvagphatimaeceihicatectapoadhinnst pét tba. pTheentkédvention

polynucleotl r et her ceutically
accept abl e egﬁ?%len?fﬁsuc%aiupgﬂgsgﬁﬁpgu£ggff%ge &%g %%g ?B%gg? %&A upt ake
may be furtheothiaci $ubatadchy uberfm&acsbrvattnglaQEﬁasesubh agmpse

bupi vacai ne, e y cl N \ at|,o O her
nmet hods of a n1%?s?%$|gg&$%gé v %b% ggfgl%i?éggpgﬁﬁbegeéggppkg Eh|enclude
ul trasound, ®BfictThead maynbéaenondeélbgttb@oDﬁBioeiahdrnﬁepeseEdﬂmg

o oo TS, 2SR a08s 0 BNEASEn T A B SETBAEHS
t hose incILuhgmhéﬁmmwﬁeeDéméﬁﬁaséﬁcthenfagmnlati&hanﬁkempmés bhese agents
RUSLLEE Caliéﬁ@&%f‘@néﬁpef§£b§§§ﬂ3é§’which may be included in the
formulations of the present invention include ubiquitin,
lysosomal associated membrane protein (LAMP), hepatitis B
15 wvirus core antigen, FLT3-ligand (a cytokine important in
the generation of professional antigen presenting cells,

particularly dentritic cells) and other cytokines such as
IFN-y and GMCSF. Other preferred adjuvants include
Imigquimod and Resimguimed and Tucarasol. Imiquimod being

20 particularly preferred.

The present invention in a preferred embodiments of the
invention provides the use of a nucleic acid molecule as
herein described for the treatment or prophylaxis of HIV

25 infection. The nucleic acid molecule is preferably
administered with Imiquimod. The Imiquimod is preferably
administered topically, whereas the nucleic acid molecule
is preferably administered by means of the particle

mediated delivery.

30
Accordingly the present invention provides a method of
treating a subject suffering from or susceptible to HIV
infection, comprising administering a nucleic acid
molecule as herein described and Imiquimod.

35
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35 cal ci um phosphat e and DEAE-Dextran and |ipofectants, for -29 18

February, 2006 exanple, |ipofectamand transfectam T

nucleic acid to be adm nistered can be altered. A nucleic acid sequence of

the present invention may also 5 be adm nistered by neans of specialised

delivery vectors wuseful in gene therapy. Gene therapy approaches are

di scussed for exar%I:e% Verme et al, Nature 1997, 389:239-242, Both viral
t

and non-viral Ve § etRvVeRhioBe" HsEdRow hal d?)%t%’éﬁb‘é‘}s}é’?én’éef‘ﬁ’é?ﬁﬂ%

retroviral, 104 ertd Vfépiew@d@n@yémpiesadeno associ ated viral, herpes
viral, Canarypox and vaccinia-viral based systems. Non- viral based systemns

include direct admnistration of nucleic acids, mcrosphere encapsul ation

t echnol ogy ( psiamMpaed | de- co-gl ycol i de) and, Iiposorre based systens. 15
Viral and non-viral delivery systens nmay be conbined where it is desirable
to provi de5boost er injections after an initial vaccination, for exarrpl e an

initial "pri vacci nat

plasm d foll g%e(fn@ﬁon% or m)(?é@”ﬁﬂ &3/2%%%%% a%)ah% usfé% aal\§/| raI

vect or or non-msadbltmsmﬂcaysxmge <& rhighly expressehthwomn operepl at es
prime boot systens wth the pol ynucl eotide of the invention, followed by
boosting with protein in adjuvant or vice versa. 25 A nucleic acid seguence
of the present invention nay also be adm nistered by neans of transforned
cells. Suth @ares dfdcintdereeet| s harvested froma subject. The naked
polynuclegblde or vector of the present invention can be introduced into
such cells¥in vitro and the transforned 30 cells can later be returned to

the subject. Theymelamuclfotd df‘odlﬂcngf hey 4 RNt G AR Yar i ROt at e d1d 0
nucleic acid al r\fe—ald)é:l%rdeeseBntstlrnalan CHeXB2 be/GehnOBrgDnlko eonutry K03455),
optimised for expression in mammalian cells was assembled
from overlapping oligonucleotides by PCR.
15
Optimisation involved changing the codon usage pattern of
the viral gene to give a codon frequency closer to that
found in highly expressed human genes. Codons were
assigned using a statistical Visual Basic program called
20 Syngene (an updated version of Calcgene, written by R.S.
Hale and G. Thompson, Protein Expression and Purification

Vol. 12 pp 185-188, 1998)

Cloning:

25
The 1528bp gag PCR product was gel purified, cut with
restriction endonucleases NotI and Bam HI and ligated
into Notl/BamHI cut vector WRG7077. This places the gene
between the CMV promoter/intron A and the Bovine growth

30 hormcone polyadenylation signal.

Clones were sequenced and checked for errors. No single
clone was 100% correct. Regions of correct sequence from

two clones were therefore combined by overlapping PCR
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reconbi nati on events. A transforned cell may, if de;L 39 beﬂguﬁ up in
vitro and one or nore of the 35 resultant cells may ué%ﬁ“?“'t e-pr esent
i nvention. -30 18 February. 2006 Cells can be provided at an appropriate
site in a patient by known surgical or mcrosurgical techniques (e.g.
grafting, mcro-injection, etc.) 5 The pharnaceutical conpositions of the

present inventjan nmay include adjyvant .conpo as detailed above, or
ot her subst ances \thi P HEY <€ PVeC(% Y qlgg&sr'%ﬁﬁtelm%seas%%eoﬂ%ced
%t he PII:lOt ei mamit?hlqwﬁltgoﬂe]d hyeridteh fdal\d;%n B}ﬂf}ﬁﬂl{?ﬁi b@tc{erqmtte.d THid hg

, either separately romaor as a fusion e antigen,. or. may be
Incl uded s AGREDNK IR T ST EI s LS o Single
adj uvant - t ype nsulietcarices dahlieahi omwiiet nedsudedd nd he rfatemidratitonsiof the
present inyention include ubiquitin, _|lysosqmal, assqci at ed menbrane protein
CLAVD) . hepat FeBas o eaTe oG G e o (5 KToR] e
inportant in riheigedenat icat tafngdraftessiconalyiant icen Hy efand idih el iy

particularly dentritic cells) and other cytokines such as |FNy and GMCSF.
Ot her pref er r é8€adPGPEFEST FAWER i (FFPraRd RésiTRFUISRIFSSTd Tucar asol
I'm qui mod bei Bgquéd cRaitricalidd YeRiielahed refl@nPes eMotinMeriipR in a
preferred enbodi nents of the invention provides the use of a nucleic acid
nol ecul e as RBRE FagéséEhehdd nedr qokent PEALRESE 0P I9r GFIY IShaNe fof HI V 25

i nfectionyg Theapupkeperaci dsarl equlgel 3)preferably admnistered with

| m quimod. The Tmquinod is preferably adm nistered topically, whereas the
nucleic acid nolecule is preferably adm nistered by neans of the particle

medi ated del i ¥gry:,1305. Production of a pl7/p24 truncated Nef

fusion gene

15 Gene of interest

The pl7 and p24 portions of the p55gag gene derived from
the HIV-1 clade B strain HXB2 was PCR amplified from the
plasmid pHXB?Pr (B.Maschera, E Furfine and E.D. Blair

20 1995 J.Virol 69 5431-5436). pHXB?Pr. 426bp from the 3’/
end of the HXB2 nef gene were amplified from the same
plasmid. Since the HXBZ nef gene contains a premature
termination codon two overlapping PCRs were used to
repair the codon (TGA [stop] to TGG [Trpl)

25
The pl7/p24linker and trNEFlinker PCR products were
joined to form the pl7pZ24trNEF fusion gene (figure 3) in

a PCR reaction {antisense)

30 The 1542bp product was gel purified, cut with restriction
endonucleases NotI and BamHI and cloned into the NotI
BamHI sites of vector WRG?O??. This places the gene
between the CMV promoter/intron A and the Bovine growth

hormone polvadenylation signal.
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Accordingly the present invention provides a nethod of8 reating ubj ect
suffering fromor susceptible to HV infection, conpgkskﬁﬁﬂggﬁ%ﬁﬁggering a
nucleic acid nolecule as herein described and I m quinod. 35 -31 18
February, 2006 The present invention will now be described by reference to
the follow ng exanpl es: EXAMPLES 5 Exanple 1: Optim sation of p55 gag (pl7,
p24, pl3) to resenble codon usage of highly expressed human genes. Cene of
interest 10 A synthetic gene coding for the p55gag antigen of the H V-1

G ade B strain HXB2 (CGenBank entry K03455), optimsed for expression in

manmal i an cel | s was assenbl ed. from overl appi ng ol i gonucl eotides_by PCR 15
Opt i mi sati on iﬁfmf\’/]e% Thangi r@r?%%ch%rPﬁsgbe‘gﬁtRﬁ#%?Ptéﬁ’éN%Q' al gene
to give a-codomgdfspiefee) opesid® d&gd. found in highly expressed human
genes. Codons weré "assigned using a statistical Visual Basic program

cal l ed 20 8yngene (an updated version of Calcgene, witten by RS. Hale
and G Thonpson, Protein Expression and Purification Vol. 12 pp 185-188,

1998) Cloningﬁfgg'ggafg%gggggag PCR product was gel purified, cut with
restriction endonucl eases Notl and Bam H and ligated into Notl/BanH cut

vector WRG/077. This places the gene between the CW pronoter/intron A and
the Bovine gr%ﬁ&bpl?/pzé portion of the codon optimised p55gag gene
derived from the HIV-1 clade B strain HXBZ was PCR
10 amplified from the plasmid pGagOPTrprZ2. The truncated
HXB2 Nef gene with the premature termination codon
repaired (TGA [stop] to TGG [Trp]}} was amplified by PCR
from the plasmid 7077trNef20. The two PCR products were
designed to have overlapping ends so that the two genes

15 could be joined in a second PCR.

The 1544bp product was gel purified, cut with restriction

endonucleases NotI and BamHI and cloned (see figures)

into the NotI BamHI sites of vector WRG7077. This places
20 the gene between the CMV promoter/intron A and the Bovine

growth hormone polyadenylation signal.

Example 4: Plasmid: p7077-RT3 Clone #A

25 Gene of interest:

A synthetic gene coding for the RT portion of the pol
gene of HIV-1 clade B strain HXB2, optimised for
expression in mammalian cells assembled from overlapping
30 oligonucleotides by PCR. The sequence cloned is
equivalent to positions 2550-4222 of the HXBZ reference
sequence {(GenBank entry K03455). To ensure expression the
cloned sequence has two additional codons at the 5’ end

not present in the original gene - AUG GGC (Met Gly).
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30 hornone pol yadenyl ati on signal. C ones were sequenced_and checked for
errors. No single clone was 100% correct. Regions of 1 ce from
two cl ones were therefore conbined by overlapping PCR -32 18 February, 2006
usi ng appropriate conbinations of the optimsation oligo set to give a
full length codon optim sed gag gene. This final clone was subsequently
found to contain a single nucleotide deletion which resulted in a frane

shift and 5 pro%ﬂtnwseaﬁfdﬂnlwcsmcpfcﬁarm U cddeh d8d £3d Pht@Sen of
repaired by cutting out the region of th gene containing “the incorrect

sequence and dheniHgdin adee dot r@cte asmftcrmefrfemmn%e epseml ehttirdlgi on of
anot her cl one. Vi€ ﬁgﬁ ne, 10
Gagopt r pr 2. (§§$J?1§ﬂ?glg¥hgﬁeaﬁﬁﬁiz Production of a p17/pf§h?gﬁ%cated Nef
fusi on gene 1¥a@Gene ofsdchtardssts Tf@m arek §p 2 Parnddnss Iofg tthe p55gag gene
derived fr 1ﬁ%§ﬁﬁ n1the
plasmd p 895%g%égﬁéc£heraq§EﬁF |ne an W@ﬁxﬁlaqug%h%%gg QJ i rol
5431-5436) . pHpBl’aI%red 4@6:tﬂ1drr arh theldajeneanwraft ttere HXBR &hefH@@@w@rCé

anpl i fi ed fro%h% O%WEEHP Srn(kﬁﬁ%é#%%&%p% @ﬁgégﬂﬁglégﬁE%é“vgf“'E%

premat ur e termionation cod were used to  rep T the
codon (TGA [ stlep}-186 T.ﬂﬂBﬁrp]) 25 The p17/p24I|nker and tr NEFI i nker PCR
products were joined to formthe pl7p24trNEF fusion gene (figure 3) in a
PCR reaction (antisense) 30 The 1542bp product was gel purified, cut with

restrictipy  sRdonyel.3ases, Mot And AT Slnadd Nhi iR d¥de

clones, # 16 and #21.
Cloning:

15 The 1.7kb PCR products were gel purified, cut with NotI
and BamHI and PCR cleaned, before being ligated with NotI
/ BamHI cut pWRG7077. This places the gene between the
CMV promoter and bovine growth hormone polyadenylation
signal. Clones were sequenced. No clone was 100% correct,

20 but clone #16 was corrected by replacing the 403bp KpnI-
BamHI fragment containing 3 errors with a correct Kpnl-
BamHI fragment from clone#2l1. The final clone was

verified by sequencing. (see figure 5)

25
Example 5: Optimised RT

Gene of interest

The synthetic gene coding for the RT portion of the pol
30 gene of HIV-1 clade B strain HXB2, optimised for
eﬁpression in mammalian cells was excised from plasmid
p7077~RT3 as a 1697bp NotI / BamHI fragment, gel
purified, and cloned into the Notl & BamHI sites of
p7313-ie (derived from pspC3l) to place the gene
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BanH sites of vector WRG/077. This places the gene en the
pronoter/intron A and the Bovine growth hornone polyigéﬁgﬁﬁﬂgééﬂgﬁgnal

-33 18 February, 2006 Exanple 3: Production of an Gag pl7/24opt/tr Nefl

(" Gagopt/ Nef') fusion gene. 5 CGene of interest The pl7/p24 portion of the
codon optim sed p55gag gene derived fromthe H V-1 dade B strain HXB2 was
PCR 10 anplified fromthe plasm d pGgOPTrpr2. The truncated HXB2 Nef gene

with the prendbunettrean n&Et ean IeadonengepaHCed pkGAoketrop] ekonIEGant p] )
was anplified by PCR fromthe plasm d 7077trNef20. .The tw ,PCR_products
wer e designer¥5rﬁ3We°5v§rFﬁgﬁ?ﬁggghgénSBO HaP9ERY e OFefdd71d coul d be

joined in a serpnd4PER7) Theidb4dbp)product was gel purified, cut with
restriction endonucl eases Notl and BanH and cloned (see figures) into
the Notl BanmH sites of vector WRG/077. This places 20 the gene between the
CW pronoter/intron A and the Bovine growth hornone pol yadenyl ati on
signal . Benmpkfafp1Bl gsm d: p7077- RT3 C one #A 25 Gene of interest: A

synt hetic gene coding for the RT portion of the pol gene of HV-1 dade B
strain HXB2, optim sed for expression in manmalian cells assenbled from
over | appi ng 3BlasngdnuclRI¥EENSEBY) PCR The sequence cloned is equival ent
to positions 2550-4222 of the HXB2 reference sequence (GenBank entry

K03455). To Le.8XPLESsLEp the cloned sequence has two additional
codons at thgegﬂ eﬂg not present in the original gene - AUG GGC (Met Q).
-34 The insert comprises part of the Nef gene from the HIV-1

clade B strain HXBZ2. 195bp are deleted from the 5’ end of

10 the gene removing the codons for the first 65 amino acids
of Nef. In addition the premature termination codon in
the published HXB2 nef sequence has been repaired (TAG to
TGG [Trp]) as has been described for plasmid
pl7/24trNEF1l. The truncated nef sequence was PCR ’

15 amplified from the plasmid pl7/24trNefl. The sequence
cloned is equivalent to positions 8992-9417 of the HXBZ
reference sequence {GenBank entry K03455). To ensure
expression the cloned sequence has an additional codon at
the 5 end not present in the original gene - AUG (Met).

20
Primers:
StrNef {(sense) ATAAGAATGCGGCCGCCATGGTGGGTITTTCCAGTCACACCTT
[SEQ ID NO: 1]

. AStrNef (antisense)

25 CGCGGATCCTCAGCAGTTCTTGAAGTACTCC [SEQ ID NO: 2]

PCR: 94° C 2min, then 25 cycles: 94° C 30sec, 50° C
30sec, 72° C 2min, ending 72° C bmin

30 Cloning:
The 455bp RT PCR product was gel purified, cut with
restriction endonucleases NotI and Bam HI and ligated

into NotI/BamHI cut vector WRG7077. This places the gene
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18 February, 2006 Optim sation involved changing the cgqga usage 8ﬁ$tern of

the viral gene to give a codon frequency closer to th ghly
expressed human genes, but excluding rarely used codons. Codons were
assigned using a 5 statistical Visual Basic programcalled Syngene (an
updat ed version of Calcgene, witten by RS. Hale and G  Thonpson, Protein
Expression and Purification Vol. 12 pp 185-188, 1998) 10 The final clone
was const ruct éektiweam thie iIcMerpediatier /ialtanes A fAnkb tanrd B2 nlprowigs 15
The 1. 7kb PCR_ _products re gel. purified ut with Notl and BamH and PCR
cl eaned, bef of @&y Hq\,@ﬁ 3’3% N¥btit9 BanH cut pwWRG7077. This places
t he gene between the CW pronoter and bovi ne grow h hornone

pol yadenyl ation signal. C ones were sequenced. No clone was 100% correct,
20 but clone #16 was corrected by replacing the 403bp Kpnl- BanH fragnent
containings3 exdaapIav#th a correct Kpnl- BanmH fragnment fromclone#21. The
final clone was verified by sequencing. (see figure 5) 25 Exanple 5:
Optim sed RT Cene of interest The synthetic gene coding for the RT portion
of the pol 3&lgemddst HONTRIGBade B strain HXB2, optimised for expression
in mamalian cells was excised fromplasmd p7077-RT3 as a 1697bp Notl /
BanHl fragmengengels RUiehiegd and cloned into the Notl & BanHl sites of
p7313-ie (derived frompspC31l) to place the gene -35 18 February, 2006
downst r eam of Tag R3waolrénginh cCNiep ronpigen e+ wasoler iaiegl from the HIV-1

clade B strain HXB2. It was PCR amplified from the
10 plasmid p7077P0l14.

The sequence cloned is equivalent to positions 2550-4234

of the HXB2 reference sequence (GenBank entry KO03455). To

ensure expression the cloned sequence has two additional
15 codons at the 5’ end not present in the original gene -

BUG GGC (Met Gly).

Primers:

SRT {sense) ATAAGAATGCGGCCGCCATGGGCCCCATTAGCCCTATTGAGACT
20 [SEQ ID NO: 3]

ASRT (antisense)

CGCGGATCCTTAATCTAAAAATAGTACTTTCCTGATT [SEQ ID NO: 4]

PCR: 94° C 2min, then 25 cycles: 94° C 30sec, 50° C
25 30sec, 72° C 4min, ending 72° C 5min

Cloning:
The 1720bp RT PCR product was gel purified, cut with
restriction endonucleases Notl and Bam HI and ligated

30 into NotI/BamHI cut vector WRG7077. This places the gene
between the CMV promoter/intron A and the Bovine growth

hormone polyadenylation signal.
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upstream of a rabbit gl obin poly-adenyl ati on signal. 004 p27 i gure
6) 5 Exanple 6 Plasm d: 7077trNef 20 Gene of interest iﬂ%&'—@%ri ses
part of the Nef gene fromthe HV-1 d ade B strain HXB2. 195bp are del eted
fromthe 5 end of 10 the gene renoving the codons for the first 65 am no
acids of Nef. In addition the premature term nation codon in the published
HXB2 nef sequence has been repaired (TAGto TGG [Trp]) as has been

descri bed for mtamsiel 8 pl 7/ 24t r NEFl . The truncated nef sequence was PCR 15
anplified fromthe plasm d pl 7/24trNefl. The sequence cloned is equival ent

to positions 8992.9417 of t{he HX reference sequence (GenBank entry
K03455). To e f/@‘l‘?ﬁ( r%%}s?"cﬁllefﬁi &I%?%%P%fﬂféf% has an additional codoh
at the 5 end not present in the original gene - AUG (Met). 20 Priners:
StrNef (sense) ATAAGAATGCGGCCGCCATGGTGGGITTTCCAGTCACACCTT [SEQ I D NO 1]
ASt r Nef (anti sldHs®)CT5 ICGATCTTEAECAGTHE TECTR®ss [ BEQ | ' ND aBinecRr:
94 C 2m n, st heyri2p &y&{g@ 94 C 30sec, 50 C 30sec, 72 C 2mn, ending 72 C
5mn 30 doning: The 455bp RT PCR product was gel purified, cut with
restriction endonucl eases Notl and Bam H and ligated into Notl/BanH cut
vect or WRG707Bemmhiaf pine®2esthe gene -36 18 February, 2006 between the CW

promoter/intran A anddNe Bovi N6, BAWHE QYIRS Pahyade i sfdorysignal .
derived from the HIV-1 clade B strain HXBZ was PCR
amplified from the plasmid pGagOPTrpr2. The RT coding

10  sequence was PCR amplified from the plasmid 7077RT 8. The
truncated HXB2 Nef gene with the premature termination
codon repaired (TGA [stop] to TGG [Trpl}) was amplified by
PCR from the plasmid 7077trNef20. The three PCR products
were designed to have overlapping ends so that the three

15 genes could be joined in a second PCR.

Primers:

{P17/24)

20 Splip24opt (sense)
ATAAGAATGCGGCCGCCATGGGTGCCCGAGCTTCGGT [SEQ ID NO: 5]
ASpl7p24optRTlinker (antisense)
TGGGGCCCATCAACACTCTGGCTTTGTGTC [SEQ ID NO: 6]

25 PCR: 94" C 1min, then 20 cycles: 94° C 30sec, 50° C
30sec, 72° C 2min, ending 72° C 4min

The 1114bp p17/24opt product was gel purified.
30 (RT)
Spl7p24optRT1linker (sense)

CAGAGTGTTGATGGGCCCCATTAGCCCTAT [SEQ ID NO: 7]
ASRTtrNeflinker (antisense)

-18 -




5 Exanple 7 Plasm d: 7077RT 8 Gene of interest The RT porfion o e pol
gene was derived fromthe HHV-1 dade B strain HXBZ—jﬁgﬁﬁﬁgﬂﬁeéghaplified
fromthe 10 plasm d p7077Pol | 4. The sequence cloned is equivalent to
posi ti ons 2550-4234 of the HXB2 reference sequence (GenBank entry KO03455).
To ensure expression the cloned sequence has two additional 15 codons at

the 5° end not present in the orlglnal gene - AUG GGC (Met dvy). Priners:

SRT (sense) ATAAGAATCEROEECS ATIGAGACTg]20 [SEQ I D NO 3]
ASRT (antisense) CGCGGATCCTTAATCTAAAAATAGTACTTTCCTGATT [SEQ ID NGO 4] PCR
94 C 2min, then 25 cycles: 94 C 30sec, 50 C 25 30sec, 72 C 4mn, ending 72
C 5mn doninger- The 1g2Pbp RT PCR product was gel purified, cut with
restriction endonucl eases Notl and Bam H and ligated 30 into Notl/BanH

cut vector WRG/077. This places the gene between the CW pronoter/intron A
and the Bgvi nghgr o fop h@T”@@ﬁNgPé&§9€”N£§t?Qgﬂﬁbﬁﬂéied 37 18 February.

2006 Exanple 8 pl7/24opt/RT/trNefl 3 Gagopt/ Thi s construct
contains a PCR that causes an Rto H amino 5 acid change Gene of

interest: The $17/ P24 &%%&'R@fPf t he codon optim sed p55gag gene derived
fromthe HIV-& G ade B strain HXB2 was PCR

SRTtrNef linker (sense)
10 CTATTTTTAGATATGGTGGGTTTTCCAGTCAC [SEQ ID NO: 9]

AStrNef (antisense)
CGCGGATCCTCAGCAGTTCTTGAAGTACTCC [SEQ ID NO: 10]

PCR as above.
15 The 448bp product was gel purified.

The three PCR products were then stitched together in a
second PCR with primers Spl7/Z24opt and AstrNef.

20 PCR: 94° C Imin, then 30 cycles: 94° C 30sec, 50° C
30sec, 72° C 4min, ending 72° C 4min

The 3253bp product was gel purified, cut with restriction
endonucleases NotI and BamHI and cloned into the Notl

25 BamHI sites of vector WRG7077. This places the gene
between the CMV promoter/intron A and the Bovine growth

hormone polyadenylation signal.

Example 9

30 Plasmid: pGRN#16 (pl7/p24cpt corr /RT/trNef.)

Gene of interest:
The polyprotein generated by pl7/24opt/RT/trNefl3
(‘Gagopt/RT/Nef’) was observed to express a truncated

35 product of ~30kDa due to a cluster of unfavourable codons
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anplified fromthe plasm d pGagOPTrpr2. The RT coding_10_ sequenc s PCR
anplified fromthe plasmd 7077RT 8. The truncated H*géﬁﬁgﬂﬂgﬁﬂigﬂgih t he
premature termnation codon repaired (TGA [stop] to TGG [Trp]) was
anplified by PCR fromthe plasmd 7077trNef 20. The three PCR products
wer e designed to have overl apping ends so that the three 15 genes could be
joined in a second PCR Priners: (P17/24) 20 Spl7p24opt (sense)

ATAAGAAT GCGCCCREEATBGERECeTeAGCT FOGBTaESEQ2’D .NCheSk wASe ZpplapeRThiinker
(anti sense) TORHEEA TGERTLIG C LSEQ. LD NO_.6] 25 PCR 94 C

| mn, then 20 cycles: égééﬁ%g%gg, SOEEEIggggg,Eﬁ%age?ﬁfﬁf'ending 72 C 4mn
The 1114bp p17P¥216§14ogﬁdaﬁdfcrwailgewcapuursédeas 30 teRP)LaBpl Tp24optl RTli nker

(sense) CAGAGEQ@T&@}QQ@QC@@A% AT, [ SE NO_ 7], . ASRTt r Nef | i nker
(antisense) -38 18 February. %@ggfggﬁcxégA%k#E?ARRAX#RETRE%T?EE [SEQ I D
NO 8] PCR aSrabdpeédspThend7EIBpARTaRERtpeoguctinasogfetapusi'f kedthe (5
truncated nef) Linket (sense) LSEQ.I .
CTATTTTTAGATA T%b&eé&%g]A%t ?’ﬁ%f “L’( 3%% g&?&? LF%E@"‘ RBLApkesy The
overlap of the products contained the codon changes, and
the gel purified products were stitched together using
the Spl7/p24opt and Aspl7/p24optRTlinker primers. The
10 product was cut with NotI and AgeI and inserted into
similarly cut pl7/24opt/RT/trNefl3, to generate pGRN.

Clone #16 was verified and progressed.

Primers:
15
5' PCR:

Splip24opt (sense)
ATAAGAATGCGGCCGCCATGGGTGCCCGAGCTTCGGT [SEQ ID NO: 11]

20 '
GTR~A (Antisense)
GCGCACGATCTTGTTCAGGCCCAGGATGATCCACCGTTTATAGATTTCTCC [SEQ
ID NO: 12]

25 3' PCR
Sense: GTR-3{Sense)
ATCCTGGGCCTGAACAAGATCGTGCGCATGTACTCTCCGACATCCATCC [SEQ ID
NO: 13]

30 ASpl7p24optRTlinker (antisense)
TGGGGCCCATCAACACTCTGGCTTTGTGTC [SEQ ID NO: 14]

PCR conditions for individual products and stitch, using
PWO DNA polymerase (Roche):
35
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CGCGGATCCTCAGCAGI TCTTGAAGTACTCC PCR as above. 15 The 448bp, pr odu s gel
purified. The three PCR products were then stitched tdku?ﬁgg“Fﬂhébgggcond
PCR with primers Spl7/24opt and AstrNef. 20 PCR 94 C Imn, then 30 cycles:
94 C 30sec, 50 C 30sec, 72 C4mn, ending 72 C 4m n The 3253bp product was
gel purified, cut with restriction endonucleases Notl and BanH and cl oned
into the Notl 25 BanH sites of vector WRG/077. This places the gene
bef“eﬁn tre CA&Sbmonmiﬁr/tmémFBOAcﬁ@ﬁefhBSBgVBﬂg,956W£?30ﬁ?rm9ﬁe 180s,

pol yadenyl ati on sjgn o e 9.30,Pl asm d: pGRN#16 (pl7/p24opt corr

| RT/ trNef.) Géﬂﬂgﬁgg?%%éFéﬁ?ESTﬂ%dpgﬁgp?8¥ain gener at ed by

pl7/ 24opt/ RT/trNefl 3 (' Gagopt/ RT/ Nef') was observed to express a truncated
35 product of -30kDa due to cluster of unfayourable codons -39 18
February, 2006 8 tht bR, dir W nidati BUBThledRe Wt et R Bekd aith
optimal cogonsdyt RER 841446 Y 68U AGSNESL Smen P Lfh 240PHART44 1 Nefit Brwas used
as a tenplate to anplify the portion of Gag 5' to the putation with
prinmers 5 SplAp24bpiatRd e Aokhd theehortt o¥ebiPéat 389t 0 the nutation
with priners GHR 5 a5k ASpHAmAoptT | dokeratdhscriowes ] ap of the products
cont ai ned the codon changes, and the gel purified products were stitched
together using the Spl 7/ p24opt and Aspl 7/ p24opt RTlI i nker prinmers. The 10
product was cngﬁégé%% ] and Agel and inserted into simlarly cut

pl 7/ 24opt / RT/ tr , to generate pGRN. Cone #16 was verified and

progressed. 15
10 Plasmid: p73i-GRN2 Clone #19

{(p17/p24 (opt) /RT (opt) trNef) - repaired

Gene of interest:
The pl7/p24 portion of the codon optimised gag, codon

15 optimised RT and truncaﬁed Nef gene from the HIV-1 clade
B strain HXB2 downstream of an Iowa length HCMV promoter
+ exonl, and upstream of a rabbit p-globin poly-

adenylation signal.

20 Plasmids containing the trNef gene derived from plasmid
pl7/24trNefl contain a PCR error that gives an R to H
amino acid change 192 amino acids from the end of nef.
This was corrected by PCR mutagenesis, the corrected nef
PCR stitched to codon optimised RT from p7077-RT3, and

25 the stitched fragment cut with Apal and BamHI, and cloned
into Apal/BamHI cut p731-GRN.

Primers:
PCR coRT from p7077-RT3 using primers:
30 (Polymerase = PWO {Roche} throughout.

Sense: Ul
GAATTCGCGGCCGCGATGGGCCCCATCAGTCCCATCGAGACCGTGCCGGETGAAGCTG
AAACCCGGGAT [SEQ ID NO: 15]
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20 Primers: 5 PCR  Spl 7p24opt (sense)
ATAAGAAT GCGGCCGCCATGGGTGCCCGAGCTTCGGT [ SEQ | D NO. 11]18:Februam,, 2000, 6)

GCGCACGATCTTGT TCAGGCCCAGGATGATCCACCGTTTATAGATTTCTCC [ SEQ

ID NGO 12] 25 3

PCR Sense: GIR-S(Sense) ATCCTGGGCCTGAACAAGATCGTGCCCATGTACTCTCCGACATCCATCC

[SEQID NO 13] 30 ASpl 7p24o0pt RTlI i nker (anti sense)

TGGGECCCATCAACACTCTGECTTTGIGIC [ SEQ I D NO. 14] 35 PCR conditions for

i ndi vi dual prd8ocRE-Hed stitch, using PWO DNA polynerase

72C 1204 and 16 RoFHC GRaM R G ER TR e R Rt Fer R

and 5 Agel tbéiel ease a 6647bp fragnment which was gel pur

(Roche) -40 18

o.€nding
iggb mnth Not |
ified and

ligated into Notl / Agel cut gel purified pl7/24opt/RT/trNefl3 to generate

pGRN#16. Exanple 10: 10 Plasm d: p73i-GRN2 O one #19

(pl 7/ p24( dpt ) ¢{alept ) 8ENet30s) repanr 2d Egokesf 9bACeBest, The°pK30p24

Gene from the 241 100F huict s Par AP0 ABAnGbrdant of “an

and truncat ed Nef
| owa | ength HCW

pronoter -+ exoal1.?apd DEstpeasuet aasabbitp(sigledbin poly-

PCR 5’ Nef from pl7/24trNefl using primers:
10

Sense: S-Nef

ATGGTGGGTTTTCCAGTCACACC [SEQ ID NO: 17]

Antisense: ASNef-G:

GATGAAATGCTAGGCGGCTGTCARACCTC [SEQ ID NO: 18]
15 <Cycle: 95°C(30s) then 15 cycles 95°C(30s),

72°C{60s), then 72°C(120s) and hold at 4°C

PCR 3' Nef from pl7/24trNefl using primers:

20 Sense: SNEF-G
GAGGTTTGACAGCCGCCTAGCATTTCATC [SEQ ID NO: 19}
Antisense:

AStrNef (antisense)

. CGCGGATCCTCAGCAGTTCTTGAAGTACTCC [SEQ ID NO:

25 Cycle: 95°C{30s) then 15 cycles 95°C(30s},
72°C(60s), then 72°C(120s) and hold at 4°C

55°C(30s),

20]
55°C(30s),

The PCR products were gel purified. Initially the two Nef

products were stitched using the 5’ (S-Nef) and 3’

30 (AstrNef) primers.
Cycle: 95°C(30s) then 15 cycles 95°C(30s},
72°C{60s), then 72°C{180s) and hold at 4°C .

55°C(30s),

The PCR product was PCR cleaned, and stitched to the RT

product using the Ul and AstrNef primers:
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adenyl ation signal. 20 Plasm ds containing the trNef gene derlved from
plasm d pl7/24trNefl contain a PCR error that gives o acid
change 19 amino acids fromthe end of nef. This was corrected by PCR

mut agenesi s, the corrected nef PCR stitched to codon optimsed RT from
p7077- RT3, and 25 the stitched fragnment cut with Apal and BanH , and cl oned
i nto Apal /BanH cut p73i-GRN. Priners: PCR coRT from p7077-RT3 using

primers: 30 (Rolyirer asks T PG ( Roshe)2d hiwtigdw w5 ° Se3se), Ulss°c (30s)

—{

G OO RN G T PRACHIPRXT QUTp AT (550

GGTGTGACTGGAAAACCCACCATCAGCACCTTTCTAATCCCCGC [SEQ ID NO 16] 5 Cycle:
95C(30s) then _20 l.es 95C(30s), 55C(30s 72C(180s), then 72CX1205) and
hol d at 4C The'[%’f %@ g tw%sgeg]elp‘%ﬂrﬁ]f‘ﬁ‘ded af}'—éfﬁ

P17/ 24t r Neb!| wsiniby .priipees auﬁgxﬁemeﬁmdiﬂwﬁagﬂlﬁﬂﬁﬁﬁﬁiﬂﬁ@@ﬁ [SEQ I'D
NO 171 Antisense: ASNe - G _ GATGAAATGCTAGGCGGCTGTCAAA }%_%E(?J\IDNQ 18]
15 Cycle: 95CE3FEY Aen %W@%&%é(l%ed 35EBIHE APPZTC( RT3t

720(120 d ¢hol B . " ) et
[hclizng) and splacmo e BORLS e frerm bt or

Example 11

10 p73i-GN2 Clone #2 {(pl7/p24opt/trNef) - repaired

Gene of interest:

The pl7/p24 portion of the codon optimised gag and

truncated Nef genes from the HIV-1 clade B strain HXBZ
15 downstream of an Iowa length HCMV promoter + exonl, and

upstream of a rabbit B-globin poly-adenylation signal.

Plasmids containing the trNef gene derived from plasmid
pl7/24trNefl contain a PCR error that gives an R to H

20 amino acid change 19 amino acids from the end of Nef.
This was corrected by PCR mutagenesis and the corrected
fragment cut with BglII and BamHI, and cloned into
BglII/BamHI cut p73I-GN. (Figure 12) regenerate the
corrected pl7/p24opt/trNef fusion gene downstream of the

25 Iowa length HCMV promoter + exonl, and upstream of the

rabbit B-glcbin polyadenylation signal.

PCR 5’ Nef from pl7/24trNefl using primers:
Polymerase = PWO (Roche) throughout.

30
Sense: S-Nef
ATGGTGGGTTTTCCAGTCACACC [SEQ ID NO: 21]
Antisense: ASNef-G:
GATGARATGCTAGGCGGCTGTCAAACCTC [SEQ ID NO: 22]
35
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Anti sense: AStrNef (antisense) CGCGGATCCTCAGCAGITCT %I’ACTCC Q I D NO
20] 25 Cycle: 95C(30s) then 15 cycles 95C(30s), SSQM‘? L , then

72C(120s) and hold at 4C The PCR products were gel purified. Initially the
two Net- products were stitched using the 5° (S-Nef) and 3" 30 (AstrNef)
prinmers. Cycle: 95C(30s) then 15 cycles 95C(30s), 55C(30s), 72C(60s), then
72C(180s) and hold at 4C . The PCR product was PCR cl eaned, and stitched to
the RT produ&tcisi ng?t he(30s anthewt I Nety ptese?S°C{A0s 18 Februad§ys) 2006
Cycl e: 95C(30sy- 0 : ) 180s), then
72C(180s) angﬁf)m(fg@d;t)z’élctcﬁf’%léeg%?ﬁg%@%%u%r?é\%agpge‘?t p%%l%gi ed, and cut with
Apal and 5 BanHl . The plasm d p731-GRN was al so cut with Apal and BanH

gel purified%ﬁj Jgated.with -Bam RT3trNef to regenerate the

007/ boa( opt ) AR obt YRR Rt TR LT AR A nad O] o0 50

(pl7/ p24opt / tadiefd: -suEpatred Gene of interest: The pl 7/ p24 portion of the
codon optims e omthe H V-1 G ade B strain
HXB2 15 dom@%@@%%%éégmgﬁbﬁﬁ% ES)%EE)C;TD{T%I’I\[PCE g%]nl , and upstream
of a rabbit pagichinsgolastadenyl ati on signal. Plasm ds containing the trNef
gene derived fromplasmd 17/ 24t r Nef | ntajn PCR err that gives an R
Yo 20 am né St A AT R oMb Toavdt R " nl’s e
corrected by PCR nutagenesis and the corrected fragnment cut with Bglll and

BanH , and cloned into o
10 Cycle: 95°C(30s) then 15 cycles 95°C(30s), 55°C(30s),

72°C(60s), then 72°C(120s) and hold at 4°C

The PCR products were gel purified, and stitched using
the 5’ (S-Nef) and 3’ (AstrNef) primers.

15 Cycle: 95°C{30s) then 15 cycles 95°C(30s), 55°C(30s),
72°C{60s), then 72°C(180s) and hold at 4°C .
The PCR product was PCR cleaned, cut with BglII / BamiI ,
and the 367bp fragment gel purified and cloned into
BglII/BamHI cut gel purified p73i-GN.

20

~ Example 12

Plasmid: p73I-RT w22%k (Inactivated RT)

Gene of Interest:
25 Generation of an inactivated RT gene downstream of an

Iowa length HCMV promoter + exon 1, and upstream of a

rabbit P-globin poly-adenylation signal.

Due to concerns over the use of an active HIV RT species

30 in a therapeutic vaccine inactivation of the gene was
desirable. This was achieved by PCR mutagenesis of the
RT (derived from P73I-GRNZ) aminco acid position 229 from
Trp to Lys (R7271 pl-28}.
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Bgl I'l/BamH cut p731-GN. (Figure 12) regenerate the caorrected

pl7/ p24opt/trNef fusion gene downstream of the 25 | owd8 EepuargcRPOB, npt er
+ exonl, and upstream of the rabbit (3-globin polyadenylation signal. PCR
5 Nef frompl7/24trNefl using priners: Polynmerase = PW (Roche)

t hroughout. 30 Sense: S-Nef ATGGTGGGITTTCCAGTCACACC [SEQ I D NO 21]

Ant i sense: ASNef-G GATGAAATGCTAGGCGGCTGTCAAACCTC [SEQ ID NO 22] 35 -43 18
February, 2006PEymers:95C( 303) then 15 cycl es 95C(30s), 55C(30s),

72C(60s), then éécglilgé) and l.d_at _4C PCR.3' Nef from pl7/24trNefl using
primers: 5 Seh +?E;AE§\&3E:@:GE&%%E§TTTCATC [SEQ ID NO 23]
Anti sense: ASt K&iyl@%&T@Cﬁ@A@EA@EM@TT%@%E@ [SEQ I D NO 24] 10

Cycl e: 95C(30s) then 15 cycles 95C(30s), 55C(30s), 72C(60s), then
72C(120s) and hold at 4C The PCR products were gel purified, and stitched

using thes' £$&SdNef) and-3:1(AstrNef) priners. 15 Cycle: 95C(30s) then 15

PR B oduct netraRCer aaheacCRTEC IR e bl R e AR TR AR ol e el b e e ab ey

gel purified ansinetenedntnorgBabl k6Baphlh cut gel purified p73i-GN. 20 .
Example 12 Plasm d: p731-RT w229k (I nactivated RT)

Antisense: AScoRT-Trp229Lys
10 GGAGCTCGTAGCCCATCTTCAGGAATGGCGGCTCCTTCT [SEQ ID NO: 26}

Cycle:

1 x [94°C (30s)!

15 x [94°C (30s)/55°C (30s)/72°C (60s)]
15 1 x [72°C (180s)]

PCR gel purify

PCR 3’ RT + mutation using primers:

20 Antiense: RT3- 1:1
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGACCTG

CTCGTTGCCGC {[SEQ ID NO: 27]

Sense: ScoRT-TrpZ29Lys
25 CCTGAAGATGGGCTACGAGCTCCATG [SEQ ID NO: 28]

Cycle:

1 x [94°C (30s)]

15 x [94°C (30s)/55°C (30s)/72°C (60s)]
30 1 x [72°C (180s)]

PCR gel purify

The PCR products were gel purified and the 5’ and 3’ ends
of RT were stitched using the 5 (RT3-Ul) and 3’ (RT3-L1)

35 primers.
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Gene of Interest: 25 Generation of an inactivated RT g downst of an
|l owa | ength HCW/ pronoter + exon 1, and upstream of a—&%@ﬂ!m’%ﬁgi{bi n

pol y-adenyl ati on signal. Due to concerns over the use of an active HV RT
species 30 in a therapeutic vaccine inactivation of the gene was
desirable. This was achi eved by PCR nutagenesis of the RT (derived from
P731- GRN2) amino acid position 229 from Trp to Lys (R7271 pl-28). -44 18
February, 200&yrliemwers: PCR 5 RT + nutation using priners: (polynerase =

PWO (Roche) tgr oughout ), b n . RT3-u:l
GAATT C{Iﬁ%fm(éﬁéé ECCATCGAGACCGT GCCGGTGAAGCTG  AAACCCGGGAT [ SEQ

I D NO. 25] Antlsensks4°ASacRE) Tep229llyssiP72°C (120s) ]

GGAGCTCGTAGCCSLATCTT %AT CCTTCT [SEQ ID NO 261 Cycle: 1 x [94C
(30s)] 15 x [ 46(38@6 5¢1¢864)/ 72C (60s)] 15 1 x [72C (180s)] PCR gel

purify PCRs3" RT + mutation using priners: 20 Antiense: RT3- 1:1
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGACCTG, CTCGITGCCGC [ SEQ
ID NO 27] Sertd® BSGomrorydadids 98 rEARErcaRs AR des [SEQ 1 D NO
28] Cycle: 1pgdi¥ie (38s)1i syt HR4AC 3D Danibd G d 308 1AL {6Q89, Ito

generate p73I-RT w228k. (See figure 13)

10
Example 13:

Plasmid: p73i-Tgrn (#3)

Gene of interest:

15 The pl7/p24 portion of the codon optimised gag, codon
optimised RT and truncated Nef gene from the HIV-1 clade
B strain HXB2 downstream of an Iowa length HCMV promoter
+ exonl, and upstream of a rabbit B-globin poly-

adenylation signal.

20
Triple fusion constructs which contain an active form of
- RT, may not be acceptable to regulatory authorities for
human use thus inactivation of RT was achieved by
Insertion of a Nhel and Apal cut fragment from p733i-RT
25 w229k, into NheI/Apal cut pT73i-GRN2#19 (Figure 14). This

results in a W - K change at position 229 in RT.

Example 14

30 p73I-Tnrg (#16)

Gene of interest:
The truncated Nef , inactivated codon optimised RT and

pl?7/p24 portion of the codon optimised gag gene from the
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30 1 x [72C (180s)] PCR gel purify The PCR products were_gel purified and
the 5° and 3' ends of RT were stitched using the 5" ¢ a 0Q6
(RT3-LI) 35 priners. -45 18 February, 2006 Cycle: 1 x [94C (30s)] 15 x
[94C (30s)/55C (30s)/72C (120s)] 1 x [72C (180s)] 5 The PCR product was
gel purified, and cloned into p7313ie, utilising Notl and BanH
restriction sites, to generate p731-RT w229k. (See figure 13) 10 Exanple
13: Plasmi d: pd3i-Toena &3k Sepgiaf nkBbensshst18ahherPid/ PAdapeehiyen of the
codon optim sed gag, codon optimsed RT and truncated Nef gene fromthe

H V-1 d ade BﬁgﬁVaPﬁOP9$Qrdbmﬁ%??éanﬁﬁﬂ BRST5RAM @hg® hr MERNC pPofdPELD +
exonl, and upshseamy@indiLabbhts(3nghobin poly adenylation signal. 20
Triple fusion constructs which contain an active formof RT, may not be
acceptable to regulatory authorities for human use thus inactivation of RT

was achi eved byydnseslioprofnd Hbghsangd @H@'pSE%%§6@§ﬂ§”énE688HDE§!'RT 25

w229k, into Nhel/Apal cut p73i- P#19 (Figure his results’in a W-*
K change at pd3{$iohgpPRovere RIeaEkanpee by BORpyrd-ARRgst#iehing to
generate p73I-Tnrg (Figure 15). Each gene was PCR

amplified and gel purified prior to PCR stitching of the
genes to form a single polyprotein. The product was gel

10 purified, NotI/BamHI digested and ligated into NotI/BamHI
cut p7313ie.

Primers:
trNef PCR
15
5-Nef (Not I)
CATTAGAGCGGCCGCGATGGTGGGTTTTCCAC [SEQ ID NO: 29]

AS-Nef-coRT linker
20  GATGGGACTGATGGGGCCCATGCAGTTCTTGAACTACTCCGG [SEQ ID NO:

30]

RTw229%k PCR

25 S—-coRT
ATGGGCCCCATCAGTCCCATCGAG [SEQ ID NO: 31]

AS-coRT-pl7p24 linker
CAGTACCGAAGCTCGGGCACCCATCAGCACCTTTCTAATCCCCGC [SEQ ID NO:

30 32]

pl7p24cpt PCR

S-plipZdopt
35 ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID NO: 33]
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Gene of interest: The truncated Nef , inactivated codon optim sed RT and

pl 7/ p24 portion of the codon optimni sed gag gene from 28Febmparyg2006, 5,y
2006 HI'V-1 d ade B strain HXB2 downstream of an lowa | ength HCW pronoter
+ exonl, and upstream of a rabbit (3-globin poly-adenylation signal. 5 The
order of the genes in the polyprotein encoded by p73i-Tgrn were rearranged
by PCR and PCR stitching to generate p731-Tnrg (Figure 15). Each gene was
PCR anplified and gel purified prior to PCR stitching of the genes to
forma single }§O|y rotein. The product was gel 10 purified, Notl/BanH

di gested and | Elpiﬁﬁ‘?I@thI@iPmﬁé cut p7313ie. Prinmers: trNef PCR 15
S-Nef (Not 1) @ﬂa@@@%@%ﬁ% TTOREGHSEQ SRS 81 98 Ne - coRT
|i nker 20 GATGGGACT GATGGGGCCCATGCAGTTCT I D NO 30]
RTw229k PCR 25 S-coRT ATGEECCCCATCAGTCCCATCGAG [SEQ ID hK) 311

D10 So5a)” Bl AT R SH ARG 5 AT GGG T AT [ SP

I D NO 331 47131ng VENT DNA polymerase (NEB):

1 % [94°C (30s)]

25 x [94°C (30s)/55°C (30s)/72°C (120s [pl7p24 or RT] or
10 60s [trNef]}]

1 x [72°C (240s)]

The PCR products were gel purified and used in a PCR
stitching utilising the primers S-trNef (NotI) and AS-
15 pl7p24opt (BamHI):

1 x [94°C (30s)]
25 x [94°C (30s)/55°C (30s)/72°C (210s)]
1 x [72°C (240s)]

20
The 3000bp product was gel purified and cut with NotI and

BamHI which was PCR cleaned and ligated into NotI/BamHI
digested gel purified p7313ie to generate p73i-Tnrg.

25 Example 15:

1. Plasmid: P73i~Tngr (#3)

Gene of Interest:
The truncated Nef , pl7/p24 portion of the codon

30 optimised gag and inactivated codon optimised RT gene
from the HIV-1 clade B strain HXB2 downstream of an Iowa
length HCMV promoter + exonl, and upstream of a rabbit B-

glcbin pcoly-adenylation signal.
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18 February, 2006 AS-pl 7p24opt (BanH)

GATGGGGGATCCTCACAACACTCTGGCTTTGTGTCC [ SEQ | D NO. 34] 383gbruary 20065 1 o

i ndi vi dual products and stitching wusing VENT DNA polynerase (NEB): 1 X
[94C (30s)] 25 x [94C (30s)/55C (30s)/72C (120s [pl7p24 or RT] or 10 60s
[trNef])] 1 x [72C (240s)] The PCR products were gel purified and used in a
PCR stitching utilising the primers S-trNef (Notl) and AS- 15 pl 7p24opt
(BanHl ) : 1 x [BH&E $83808) | 025t Ke [ §dfe s 308) thESHEL (BPS el 2efcdddAshy 1 x [72C
(240s)] 20 The :gngb(gr roduct was gel ? rified and cut with ggtl and BanH
whi ch was PCR &{¢&an ng=¥T ght U 1Yo | 7Rt 9GRgESted® et ~Puvtti ed
p7313ie to gengraherd 786y TNrQodd® el €odSp11/pPh agnii drT Ridte Tngr (#3)
Gene of Interest: The truncated Nef , pl7/p24 portion of the codon 30

opti ni sed gag HMLTHRY | ¥t 25 LUH DPtTHFseP ™ GeheStHEoReEnEoH V-1 G ade
B strain HXB2 gdgynstieam ffiefd NG pit&ngth FEMGHT opet £fidggxonl, and

upstream of a rabbit (3- globin i

( ol y-adenyl ati on sijtg(gal ,_-48 18 February,
2006 The or deNUH 4Gk ¢otedmeansdl Lot e ninhe MREL M5y 3¢utrgrn were

rearranged by 44 generate p731-Tngr (Figure 16). Codon optim sed
pl7/ p24 and were generated as a single product, and PCR stitched to

Primers:

10 Pl7/p24 - RT 3'PCR:

SplipZ2dopt (sense)
ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID NO: 35]

15 RT3 1:1 {antisense)
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGACCTG

CTCGTTGCCGC [SEQ ID NO: 36]

TrNef 57PCR

20
S-Nef (NotI)
CATTAGAGCGGCCGCGATGGTGGGTTTTCCAC [SEQ ID NO: 37]

AS-Nef-plip24
25 CAGTACCGAAGCTCGGGCACCCATGCAGTTCTTGAACTACTCCGG [SEQ ID NO:
38]

PCR conditions for individual products and stitching

using VENT DNA polymerase (NEB):

30
1 x [94°C (30s)]
25 x [94°C (30s)/55°C (30s)/72°C (180s [pl7p24+RT] or 60s
[trNef] or 210s [stitching])]
1 x [72°C (240s)]
35
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5 anplified trNef. The product was gel purified, Notl/BanH dlgg d and
ligated into Notl/BamH cut p7313ie. Priners: 10 Pl?Aﬁdﬁ—lﬂﬂﬂﬁ%jﬂﬁi

Spl 7p24opt (sense) ATGCGEGTGCCCGAGCTTCGGTACTG [SEQ ID NO 35] 15 RT3 1:1
(anti sense)
CTCGTTGCCGC [SEQ I D NO 36] TrNef 5" PCR 20 S-Nef (Notl)
CATTAGAGCGGCCGCGATGGTGEGTTTTCCAC [SEQ | D NO  37] AS- Nef -pl7p24 25
CAGWACCEAAGCTCEEECA@EEB@GﬁﬁﬁﬂﬁﬁﬂTﬁH@(ﬁAﬁTﬁEﬁEﬁﬁSECth>bﬁt w38h RERr and

conditions for u rod s and stitc usi.ng VENT DNA nmer ase
(NEB) 301 x poir (ubidh S48 Hihlelrend) 58 19aafRa0totaavat pEoRY
[trNefdligesPdfsgebtphiebingdl) p73113iE72€ (2A08)te3p7349TA§rFebruary,
2006 The 3000bp product was gel purified and cut with Notl and BanmH which

was PCR cl eaned and ligated into Notl/BanH digested gel purified p7313ie

or 60s

GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGACCT G

+RT]

to generate p73i-Tngr. 5 Exanple 16: Plasm d: p731-Trgn (#6) Cene of

i nterest:

5

10

15

20

25

30

Example 16:

Plasmid: p73I-Trgn (#6)

Gene of interest:

The inactivated codon optimised RT, pl7/p24 portion of
the codon optimised gag and truncated Nef gene from the
HIV-1 clade B strain HXB2 downstream of an Iowa length
HCMV promoter + exonl, and upstream of a rabbit pB-globin

poly—~adenylation signal.

The order of the genes within the ceonstruct was achieved
by PCR amplification of pl7p24-trNef and RTw229k from the
plasmids p73I-GNZ and p73I-RTw229k respectively. PCR
stitching was performed and the product gel purified and
NotI/BamHI cut prior to ligation with NotI/BamHI digested
p7313ie. Sequencing revealed that pl7p24 was not fully
optimised a 700bp fragment was then AgeI/MunI cut from
the coding region and replaced with MunI/Age fragment
from p73i-Tgrn#3 containing the correct coding segquence.

{(See figure 17).

Primers:

pl7pl24-trNef PCR

S-pli7p24opt
ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID NO: 39]

AstrNef (BamHI)
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The inactivated codon optim sed RT, pl7/p24 portion of éo t he cgﬂﬁg

optim sed gag and truncated Nef gene fromthe H V-1 HXB2
downstream of an lowa | ength HCW pronoter + exonl, and upstream of a
rabbit (3-globin poly-adenylation signal. 15 The order of the genes within
t he construct was achieved by PCR anplification of pl7p24-trNef and
RTw229k fromthe plasmds p731-G\2 and p731- RTw229k respectively. PCR
stitching was RpEw(pgked and the product gel purified and Notl/BanH cut
prior to ligation with Notl/BanmH digested 20 p7313i e. Sequencing reveal ed
that pl 7p24 was not fully optimsed a 700bp fragnment was then Agel/Min

cut from the RDg+MElregi on and replaced with Munl/Age fragnment from

B ot o o 7o R A ShCh BEn SR e eh S reniiBs oD
NO 39] Astr NefaABarttGals|&ebr unr yo: 2006 RTw229k RT3- U 1
GAATTCGOGGCOGOGAT GGGCCOCAT CAGT CCCAT CGAGACCGTGCCGGTGAAGCTG 5 AAACCCGGGAT

[ SEQ I D NG 40] AS-coRT-pl 7p24opt |inker
CAGTACCGAAGCTG@GGQA@EQATQAQQQQETTHQLAATCCCCGC [ SEQ I D NG 41] 10 PCR

conditions for individual roducts and stitchin usin VENT P nerase
(NEB): 1 x [94%5§gﬁg5GﬁAGC CGGGCACCCATCAGCACCTT CTAATCCCCGC [SEQ
41]
10

PCR conditions for individual products and stitching

using VENT DNA polymerase (NEB):

1 x [94°C (30s)1

15 25 x [94°C (30s)/55°C (30s)/72°C (120s (PCR) or 180s
(stitching)
1 x [72°C (240s)]

The 3000bp product from the PCR stitch was gel purified

20 and cut with NotI and BamHI which was PCR cleaned and
ligated into NotI/BamHI digested gel purified p7313ie to
generate p73i-Tngr. Sequence analysis showed that pl7p24
sequence obtained from p73I-GNZ was not fully codon
optimised and that this had been carried over into the

25 new plasmid. This was rectified by cutting a 700bp
fragment from p73i1-Tngr cut with MunI and AgeI, and
replacing it by ligation with a 700bp MunI/Agel digested
product from p73i-Tgrn to generate the construct p73I-
Tngr#6.

30

Example 17:

Plasmid: p73i~Trng (#11)

Gene of Interest:
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15 25 x [94C (30s)/55C (30s)/72C (120s (PCR) or 180s é:t'tchingb x [72C
(240s)] The 3000bp product fromthe PCR stitch was gé%—%%#¥¥¥¥ﬁ——gé and cut
with Notl and BarmH which was PCR cl eaned and ligated into Notl/BanHl

di gested gel purified p7313ie to generate p73i-Tngr. Sequence anal ysis
showed that pl 7p24 sequence obtained from p731-G\2 was not fully codon
optimsed and that this had been carried over into the 25 new plasmd. This
was rectifiedThy dubtitigazedOQaplorf agrieritsekr @M, p Eiunbadre dC We AMatnfd Munl  and
Agel, and re i it by li ion with a 70Qbp Muni / Agel di gested

product fron1E%g?ngrﬁofgxﬁgngggﬁgatﬁ8d88n§PF&FﬁSﬁ?SﬂﬁgTﬁﬁpﬁB%?Qﬁ ELsml e
17: Plasm d: pI8HiTengde#BletGane 6fkBinuekestreainl ok8 aneliouar Yend@®6 The

i nacti vat ed cggo ogtinised RT, truncated Nef and pl7/p24 portion qof the
codon optins Mga GERESEr SnEERB L HPDS vephdeaR ofr & F2RRBS Fordobidam of
an | owa IehgtbolycyﬁéﬁFQaQﬁ@h tigxanl.,, and upstreamof a rabbit 3-globin 5
pol y-adenyl ation signal. The order of the genes within the construct was
achieved by PCR anplification of the RT-trNef and pl7p24 genes from
p73i-Tgrn. Pcﬁhétbkaékngfoﬁhbhﬁgh%@ NAnE hagRENESNL@ r¥as REkf acredyand the
3kb product gel purified and Notl/BanmH cut prior to ligation with
Not | / BanHl dig¥sted appldificatans ¢feFBedRB78INSEngnAxPIYP2Br ORBES: 15
RTwW229k-tr Nef £rom p73i-Tgrn. PCR stitching of the two DNA fragments

10 was performed and the 3kb product gel purified and
NotI/BamHI cut prior to ligation with NotI/BamHI digested
p7313ie, and yielded p73I Trng (#11).

Primers:

15 RTwZ29k-trNef

RT3-u:1l
GAATTCGCGGCCGCGATGGGCCCCATCAGTCCCATCGAGACCGTGCCGGTGAAGCTG
AAACCCGGGAT [SEQ ID NO: 42]

20
AS-Nef-pl7pZ2d4cpt linker
CAGTACCGAAGCTCGGGCACCCATGCAGTTCTTGAACTACTCCGG [SEQ ID NO:
43]

25
P17p24
S-plip2dopt
ATGGGTGCCCGAGCTTCGGTACTG [SEQ ID NO: 44]

- 30

AS-plip24opt (BamHI)
GATGGGGGATCCTCACAACACTCTGGCTTTGTGTCC [SEQ ID NO: 45]

PCR conditions for individual products and stitching

35 using VENT DNA polymerase (NEB):
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RT3-u: 1 GAATTCGCGGECCGCGATGGGCCCCAT CAGT CCCAT CGAGA g%?ﬁFWGAACEES%
AAACCCGGGAT [ SEQ | D NO 42] 20 AS- Nef - pl 7p24opt | i nkep2 2€dINary,
CAGTACCGAAGCTCGEGECACCCATGCAGT TCTTGAACTACTCCGG [ SEQ I D NO. 43] 25 P17p24
S-pl 7p24opt  ATGGEGTGCCCGAGCTTCGGTACTG [ SEQ | D NGO 44] 30
AS- pl 7p24opt (BamHl ) GATGGGGGATCCTCACAACACTCTGECTTTGIGICC [ SEQ | D NO.  45]
PCR condi tions for individual products and stitching 35 using VENT DNA
pol ymerase (NEB): -52 18 February, 2006 1 x [94C (30s)] 25 x [94C (30s)/55C
(30s)/72C (120 (PCR ﬁg%%ggﬁﬁ%}fr 180s (stitching) 5 1 x [72C (240s)] The
3000bp product from iItch was gel purified and cut with Notl and
BanHl whi ch wa5 PCR[ g4 Banel) saintb 5UCi gaved /iTafo Nop0sBaptk df geshed) gek
purified p7313ifb§ 10 gener te p73i -Tngr. Exanple 18: p73i-Tgnr (#fl) 15
Gene of interes The p? ?p%% portion of the codon optim sed gag, truncated
Nef and codon bpti m ged’d n@stdswat ed RT gene fromthe H V-1 dade B strain
HXB2 downstream of an lowa |l ength HCW pronoter + exonl, and upstream of a
rabbit (3-globin

The 3000bp product from the PCR stitch was gel purified

and cut with NotI and BamHI which was PCR cleaned and

ligated into NotI/BamHI digested gel purified p7313ie to
10 generate p73i-Tngr. ’

Example 18:

p73i-Tgnr (#£f1)

15 Gene of interest:
The pl7/p24 portion of the codon optimised gag, truncated
Nef and codon optimised inactivated RT gene from the
HIV-1 clade B strain HXBZ downstream of an Iowa length
HCMV prcmoter + excnl, and upstream cf a rabbit B-globin

20 poly-adenylation signal.

The order of the genes within the construct was achieved
by PCR amplification of pl7p24-trNef and RTw229k from the
plasmids p73I-GN2 and p731-RTw229k respectively. PCR

25 stitching was performed and the product gel purified and
NotI/BamHI cut prior to ligation with NotI/BamHI digested
p7313ie. Two sequence errors were spotted in the sequence
(pl7p24 and RT) which were subsequently repaired by
replacement with correct portions of the genes utilising

30 restriction sites within the polyprotein. (See figure

19).

Primers:
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20 pol y-adenyl ation signal. The order of the genes mﬁtgin t he cogﬁé uct was
achieved by PCR anplification of pl7p24-trNef and RT

pl asm ds p731-AG\2 and p731- RTw229k respectively. PCR 25 stitching was
performed and the product gel purified and Notl/BanH cut prior to
ligation with Notl/BanmH digested p7313ie. Two sequence errors were
spotted in the sequence (pl7p24 and RT) which were subsequently repaired
by repl acementpiWph4iecorNect pparti ons of the genes utilising 30 restriction
sites within the polyprotein. (See figure 19). Prinmers: -53 18 February,
2006 pl7p24-trNef PCR S-pl 7p24opt ATGGGTGCCCGAGCTTCGGTACTG [ SEQ | D NO.  46]
AS- Nef - CORTI i nkep 1 7£ATE6EGACT GATGGGECCCATGCAGTTCTTGAACTACTCCGG [ SEQ | D NO.

47] 10 RTw229k_S- W G[SEQ LD NO 48] 15 RT3-1:1
GAATTCGGATCCTTFA?EM m CHACCTG  CTCGTTGCCGC [ SEQ
I D NO 49] 5PCR conditions for individual products and stitching 20 using
VENT DNA poly e.(NEB):.1 x [94C (30s) ] 25 x [94C (30s)/55C (30s)/72C
(120s (PCR) oﬁ%%@%f"f%‘?hw(%) 25 1 x [72C (240s)] The 3000bp. product was
gel purified apmrcataet¢T®OtEC@OETGCAGTTCTTGAACTACTCCGG [SEQ ID NO:

47]

10 RTw229k

S-coRT
ATGGGCCCCATCAGTCCCATCGAG [SEQ ID NO: 48]

15 RT3-1:1
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGACCTG

CTCGTTGCCGC [SEQ ID NO: 49]

PCR conditions for individual products and stitching

20  using VENT DNA polymerase (NEB):

1 x [94°C (30s)]
25 x [94°C (30s)/55°C (30s)/72°C (120s {PCR) or 180s
(stitching)

25 1 x [72°C (240s}]

The 3000bp .product was gel purified and cut with NotI and
BamHI which was PCR cleaned and ligated into NotI/BamHI
digested gel purified p7313ie to generate p73i~-Tngr.

30 Sequencing revealed that pl7p24 was not fully optimised a
700bp fragment was subseguently AgeI/MunI cut from the
coding region and replaced with MunI/Age fragment from
p731i-Tgrn#3 containing the correct coding sequence. The
polyprotein also contained a single point mutation

35 (G2609A) resulting in an aminc acid substitution of Thr
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BanH which was PCR cl eaned and ligated into Notl/Band _ di gest el
purified p7313ie to generate p73i-Tngr. 30 Sequencin pl 7p24
was not fully optimsed a 700bp fragnent was subsequently Agel/Minl cut
fromthe coding region and replaced with Minl/Age fragnment from

p73i - Tgrn#3 containing the correct codi ng sequence. The polyprotein also
contained a single point mutation 35 (&609A) resulting in an amno acid
substitution tof Oha i%4tH8 FeEbponryon 2006the pdhyprnoteenRT Poetion of the

pol ypr ot ei n. d""Bﬁ% rrurg ation. eg@&g eg)% h%jﬁ// (8 edf B&{%ﬂa <P ggsti OP%QINatShe

construct an ean up rermve ence,

repl aced by IctcgmtmwarttiaIPCB Apad Banﬂ—ﬁodtW@dttp@rmmomtecﬁ RT from
p73i-Tgnr. Exanple 19: Pre aratlon %ﬂ%ﬁ m d- coa lJ/‘urry' for
‘gene gun' WEHTF dYECL 0V 25T Kbt S y ng pl), eg. 100

ug, and gdm zd T/ BaiHl cddBfestegd POrton (cPDvRiErﬂ:emﬁ)p’iE\H"ngsnspended in
0. O5M sperm di ne, eg. 100 ul, (Signma). The DNA was precipitated on to the
gold particles by addition of 1M 15 CaCl2, eg. 100ul (American

Phar maceut i caxdigtders:; | nc. USA). The DNA/gol d conpl ex was incubated
for 10 m nutes at roomterrperature washed 3 tines in absol ute ethanol,

eg. 3 x 1 ni P’(ﬁﬁ@ﬁ*@t&ﬂ W%rﬂ%@swm%ﬁﬂlarg%%v@W(ﬁﬁﬁ) 9 pl es were

resuspended 'gﬂ} 520 containing 0.05nmg/ m of
pol yvi nyl pyrroli done ( I grra) and split into three equal aliquots in
1.5 M dDcrof uge t ubes, (Eppendorf) The aliquots were for analysis of

(8 ot oot Wil By o RLANE L, Sldher) [Tt (o A, (o Him
gold partlcles, eg. 50 mg, (PowderJect), were suspended
in 0.05M spermidine, eg. 100 ul, (Sigma). The DNA was
precipitated on to the gold particles by addition of 1M

15 cCcaClz, eg. 100ul (American Pharmaceutical Partners, Inc.,
USA). The DNA/gold complex was incubated for 10 minutes
at room temperature, washed 3 times in absolute ethanol,
eg. 3 x 1 ml, (previously dried on molecular sieve 3A
(BDH} ). Samples were resuspended in absolute ethanol

20 containing 0.05mg/ml of polyvinylpyrrolidone ( PVP,
Sigma), and split into three equal aliquots in 1.5 ml
microfuge tubes, (Eppendorf). The aliquots were for
analysis of (a) ‘gold slurry’, (b) eluate- plasmid
eluted from (a) and (¢} for preparation of gold/ plasmid

25 coated Tefzel cartridges for the ‘gene gun’, (see Example
3 below). For preparation of samples (a) and {(b), the
tubes cdntaining plasmid DNA / ‘gold slurry’ in ethanol /
PVP were spun for 2 minutes at top speed in an Eppendorf
5418 microfuge, the supernatant was removed and the ‘gold

30 slurry’ dried for 10 minutes at room temperature. Sample
(a) was resuspended to 0.5 - 1.0 ug / ul of plasmid DNA
in TE pH 8.0, assuming approx. 50 % coating. For elution,
sample (b} was resuspended to 0.5 - 1.0 ug / ul of
plasmid DNA in TE pH 8.0 and incubated at 37°C for 30

35 minutes, shaking vigorously, and then spun for 2 minutes
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25 coated Tefzel cartridges for the "gene gun', (see Exanple 3 helow). For
preparation of sanples (a) and (b), the tubes contai + 40 /
"gold slurry' in ethanol / PVP were spun for 2 mnutes at top speed in an
Eppendorf 5418 m crofuge, the supernatant was renoved and the gold 30
slurry' dried for 10 mnutes at roomtenperature. Sanple (a) was
resuspended to 0.5 - 1.0 ug / ul of plasmd DNA in TE pH 8.0, assum ng
approx. 50 @6caattng sﬁeedehuthnnEppsadpké 6b) swad cresugpendadthe 0.5 - 1.0

/ | f | 0 d bated at 37C f 3 t
ahaki ng vi gor otePSTRARANEneRLBRGR" | 87 2 TR B s SP8e S5 FRdhAtiar §0 Q00K Rl

top speed in asx&ppepdnr EchédB8tphetiohugeuand Whe dsupemnatanby el uate, was
renmoved and stored at -20C. The exac%.ENg.concentratl Qn eIuteg %?s

det ermi ned by SEPEttPBPROCBREFFFcIfalhi Fehi PBn s Hg®a " BBREYARNt

(Phar maci a 5Bi ot eghymaExanpliet20ny Preparations of Cartridges for

I mmuni sation 10 Preparation of cartridges for the Accell gene transfer

devi ce was as previously described (Ei senbraun et al DNA and Cell Biol ogy,
1993 Vol 12 Nog nd930797;, Pertner et al). Briefly, plasm d DNA was
coated onto 2 mgold particles (DeCGussa Corp., South Plainfield, NJ.,
USA) 15 and | oBxkepiaratuonef of| Canbrhdoeanfen M3 iwmpueieabiey cut into
1.27 cmlengths to serve as cartridges and stored desiccated at 4C until

use. In a _typical vaccinatign, each carfrid e c nta ed 0.5 | d coated
Weh A"t ol e B Oy Bt 2 F T BGAIS 30T Bhablsp cRoteL | B RESBAREE fo H v

antigens fol |l oyP0-ONa¥agsi Pa&vOBusly descrlbed (Eisenbraun et al DNA
and Cell Biology, 1993 Vol 12 No 9 pp 791-797; Pertner et
al). Briefly, plasmid DNA was coated onto 2 pum gold
particles (DeGussa Corp., South Plainfield, N.J., USA)
15 and loaded intc Tefzel tubing, which was subsequently cut
into 1.27 cm lengths to serve as cartridges and stored
desiccated at 4°C until use. In a typical vaccination,

each cartridge contained 0.5 mg gold coated with a total

of 0.5 pg DNA/cartridge.
20
Example 21:

Immune Response to HIV antigens following DNA vaccination

utilising the gene gun.

25 Mice (n=3/group) were vaccinated with antigens encoded by
nucleic acid and located in two vectors. P7077 utilises
the HCMV IE promoter including Intron A and exon 1 (femv
promoter). P73I delivers the same antigen, but contains
the HCMV IE promoter (icmv promoter} that is devoid of

30 Intron A, but includes exon 1.

Plasmid was delivered to the shaved target site of
abdominal skin of F1 (C3H x Balb/c) mice. Mice were
given a primary immunisation of 2 x 0.5 pg DNA on day 0,

35 Dboosted with 2 x 0.5 pg DNA on day 35 and cellular
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utilising the gene gun. 25 Mce (n=3/group) were vaccgi_nated vvitE @Eti gens
encoded by nucleic acid and |located in tw vectors. 1 t he
HCW | E pronoter including Intron A and exon 1 (fcmv pronoter). P731
delivers the sane antigen, but contains the HCW I|IE pronoter (icnmv
pronoter) that is devoid of 30 Intron A, but includes exon 1. Plasm d was
delivered to the shaved target site of abdom nal skin of F1 (C3H x Bal b/ c)
mce. Mce watespiseiverprdeeytedmemiday i dh wing xI N 5- pgammd on day O,
35 boost ed V\/iEt.ﬂ%gt_O.S pg DNA on day 35 and cellular -56 18 February,
2006 response were detected on day 40 using IFN - gamma Elispot. P73 -
enpty vector 5 P7077 - enpty vector P7077 GRN - (f CW pronoter) Gag,

RT, Nef  P731 - (i OW pronoter) Gag, RT, Nef  P731 GR3N - (CW
pronoter) Opth nﬁgé Gag, qO‘timseéEPt)Fé'r,"ﬁ%&iOﬁo P7077 GN - (f CW

pronoter) §ag.e Netg77P731 GN .= (i LW prammier) Gag, Nef Cytotoxic T Cell

Responses 15 The cytotoxic T cell response was assessed by CD8+ T

cell-restricteedP7TENY EIRMSPOT assay @V gptammoytesGagol RBctlat 5 days | ater.

Mce were killed bg cervical dislocation and spleens were collected into
n

i ce-col d PBS®* BpPénocyt®% viere tEadddl FACHMY bHtRPhat e BNFf ered 20
saline (PBS) [fo d sis of |1 1 . in buffer
consi sting of 1%2%/?%2%1%&/10 vl ﬁ%@ﬁﬂl&g&lﬁl é%ﬁéAjgml%@Le&r%’vm washes in
PBS to renove ©Qatimtakdt8Tpatieér the single cell suspension was

10 e P7077 GN - (f CMV promoter)Gag, Nef

e P731 GN - (i CMV promoter) Gag, Nef
Cytotoxic T Cell Responses

15 The cytotoxic T cell response was assessed by CD8+ T

cell-restricted IFN-y ELISPOT assay of splenocytes
collected 5 days later. Mice were killed by cervical
dislocation and spleens were collected into ice-cold PBS.
Splenocytes were teased out into phosphate buffered

20 saline (PBS) followed by lysis of red blood cells (1
minute in buffer consisting of 155mM NH4C1l, 10 mM KHCOs,
0.1mM EDTA). After two washes in PBS to remove
particulate matter the single cell suspension was
aliquoted into ELISPOT plates previously coated with

25 capture IFN-y antibody and stimulated with CD8-restricted
cognate peptide {Gag, Nef or RT). After overnight
culture, IFN-y producing cells were visualised by
application of anti-murine IFN-y-biotin labelled antibody
(Pharmingen) followed by streptavidin -conjugated

30 alkaline phosphatase and quantitated using image

analysis.

The result of this experiment are shown in figures 20,
21, and 22,
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aliquoted into ELI SPOT plates previously coated with ture S y

anti body and stinulated with CD8-restricted cognate ég%£§§%3¥%hgr&§bt or
RT). After overnight «culture, IFN-y producing cells were visualised by
application of anti-nurine IFN-y-biotin |abelled antibody (Pharm ngen)

foll owed by streptavidin -conjugated 30 al kaline phosphatase and
quantitated using image analysis. The result of this experinment are shown
in figures 20, 21, and 22. -57 18 February, 2006 Exanple 22:

| nunogeni ci ty;, Vaccipe Constructs 5 1. Cellul ar Assays The cel |l ul ar

I mune responggg%@%ggi%gé cytotoxic CD8 cells and helper C4 cells. A
sensi tive net mfnditogeheei ty SPECVaAceifdScandtohdtgel | s is the ELI spot assay
which can be used to quantify the nunber of cells capable of 10 secreting
interferon-y or IL-2. The ELI spot assay relies on the capture of cytokines
secreted fdom3 ndi WwellbhlarebssayBriefly, specialised microtitre plates are

ted ith - i i bodi i sol : i ced
animal's are | MUbAGHEOURE ATt SR e aabt feeb r OB el 8Os e
representi-ng kemaWis eqnd opebp¢O8Y4 orel ps otRi seng CDidye métiedi| soadetect

stimilated, o feLespe. cdolhassal han W1 L DL berLhe, lbgchepepnctie,
cell's. Cytokines usshi to ajhawctiefly t the heurdoat | of @81l hatcapaylafeer the cells
o an  ELIEA S Bidarae el BrTa 200 Gt | TR aty S ey STohe? ThEL fomber”
of spots equat®s e tdepturdest ofyieyk ke fesecreted from individual
cells. Briefly, specialised microtitre plates are coated
with anti-cytokine antibodies. Splencocytes isolated from
immunised animals are incubated overnight in the presence
15 of specific peptides representing known epitopes (CD8) or
proteins {(CD4). If cells are stimulated to release
cytokines they will bind to the antibodies on the surface
of the plate surrounding the locality of the individual
producing cells. Cytokines remain attached to the coating
20 antibody after the cells have been lysed and plates
washed. The assay is developed in a similar way to an
ELISA assay using a biotin/avidin amplification system.
The number of spots equates to the number of cytokine
producing cells.
25
CD8 responses to the following K2%-restricted murine
epitopes: Gag (AMQMLKETI), Nef (MTYKAAVDL) and RT
(YYDPSKDLI) and CD4 responses to Gag and RT proteins were
recorded for all 6 constructs. The results of these
30 assays were analysed statistically and constructs were
ranked according to their immunogenicity. The result is

shown in figure 23 of the figures.

2. Humoral Assays
35
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produci ng .cells. 25 CD8 responses to the follow ng K2d-restricte rine
epitopes: Gag (AMOMLKETI), Nef (MIYKAAVDL) and RT (&&%@ﬂﬁaﬁgﬂﬂ'&m
responses to Gag and RT proteins were recorded for all 6 constructs. The
results of these 30 assays were anal ysed statistically and constructs were
ranked according to their imunogenicity. The result is shown in figure 23
of the figures. 2. Hunoral Assays 35 -58 18 February, 2006 Bl ood sanpl es
wer e col | ect ed®Ifaord aremphlonly veerad wsdlSleatted fond dArdt Daydy posd bpoostaf rom t wo

experinments. Ser was separated and. stored frozen. until tibody titres
could be rreasat?rcggéiusﬂ?ansbs s‘goesﬁ fhfoco%LlfSrﬁ“ésts"é‘g/se.xfﬁW AN 'e?%?r% T est ed

for anti bodi esdparGgd Nafd antb R Brdafrl yuntEl Skt jdadest Wweres coailedl Wit h
t he rel evant %rotei n. Excess, rotei, hed of f befare diluted serum

sampl o5 were Ben@REREE] ML v e Rt Lo oo Mer PRI B d' ST

and anti - nbus e eatldds efdim a0y Bighilead S0 Gy apE ORIridatrer t ey ikF was mdosrd. The
pl ate was devel oped and read on, a pﬁlﬁgf{j‘le{re der. The results are shown in

figure 24. 3. PARSSSodFasatGP A danty IRV 3 PTREHeFFTTS R | si x

constructs i npric@wi rexRey iViiNe andditte REAESIUtE@R wonst daidlas gener at ed
no anti body responses toQ Ga% and limted antibody responses to Nef. The

reason for thit&Gudatgrligatheadretle| |Thee S50 S 4MIE OIS &6 $hesh 2ot

spl enocytes i sahated i rRemdd e ntane Mirt oM fddd 1S thatapdrhig G Hrigiei n
was bei ng expressed in vivo. The ranking for the generation of GagC specific
anti bodi el was added. The plate was developed and read on a plate

reader. The results are shown in figure 24.
3. Antibody Data

15 Antibody titres were measured for all six constructs in
four experiments. Construct p73i-GNR consistently
generated no antibody responses to Gag and limited
antibody responses to Nef. The reason for this is
unclear, as T-cell responses were observed from

20 splenocytes isolated from the same mice, indicating that

the Gag protein was being expressed in vivo.

The ranking for the generation of Gag specific antibodies

was:
25
BRNG>GRN>NRG>RGN>NGR>GNR

Analysis cellular immunclogy data

30 The objective was to rank the 6 constructs on the basis
of spot count data from 3 immunology experiments. Three

sets of responses were assessed:

CD8 responses to Gag, Nef and RT at Day 7 (7 days post

35 primary),
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was: 25 RNGGRN>NRGRGN>NGR>GNR Anal ysi s cel | ul ar inﬁg¥%l [0 da 0 The
objective was to rank the 6 constructs on the basis EREIALY,, ata
from 3 i nmunol ogy experinments. Three sets of responses were assessed: CD38
responses to Gag, Nef and RT at Day 7 (7 days post 35 primary), -59 18
February, 2006 CD4 responses to Gag and RT at Day 35 (7 days post boost),
CD8 responses to Gag, Nef and RT at Day 35 (7 days post boost). 5 Each
response (e.gCDE€DBespsporse tboGEagrnwasTnmadelDad 3Gsi{figdaylsi peat m xed

ef fect nodel jn _SAS version 8. The nodel included fixed effects of
construct, mh%?ﬁgF the particular antigen (Gag, Nef or RT) was present or
10 absent, andD®hethpbnkks2twaSapreselit aar &lsant Dalyn35addi tegs, phet CD3
responses, where g?ta were avail abl e from each individual nouse, subject
was i ncl uded 88°8%/random effect in the model. The nodel incl uded
interactidn terns to allow for a different effect of 15 construct for each
conbi nation of the antigen pres [ absent) and |L- resent /ahsent).
From t he nnde%?c?hﬁeﬁp?gg?eﬁ%egrngghjﬁ??@ﬁngﬁaﬁorégﬁing 5 885&&8% each
con?‘t r U(r:nt) andupfﬁf;?a(lmﬁea@nmﬁ_ﬁbdgéﬁﬁ/eg\,gmsa;elm eﬁt BR8t e(drsepar a}.el Yh‘eo;
each conbi nati on of antigen resent/absen and | L-2 esent sent),
Coget hor vi t HSe b, 1aF udFRaf ¢ ARG P RRGERCP ) RENAEFHER enPBERaer The
statisticall ypgigpnkfilgankntBagsgd (@8g} hRedi bterencrssapdesent or

10 absent, and whether IL-2 was present or absent. 1In

addition, for CD8 responses, where data were available

from each individual mouse, subject was included as a

random effect in the model. The model included

interaction terms to allow for a different effect of
}5 construct for each combination of the antigen

(present/absent) and 1L-2 (present/absent).

From the model, the difference in adjusted mean response
between each construct and p7313 (the control group} was

20 estimated separately for each combination of antigen
(present/absent) and IL-2Z (present/absent), together with
a p-value indicating whether the difference was
statistically significant. Based on the differences and
p-values in the presence of the antigen and the absence

25 of IL-2, constructs were ranked, by assigning a score of
6 to the construct with the largest difference, 5 to the
next largest, etc, but 0 to any constructs where the
difference was not statistiéally significant at the 5%

_ level.

30
The assumptions of the model - that the residuals were
normally distributed with constant wvariance, were
assessed using graphical methods and sensitivity
analyses, where first a log and second a sguare root

35 transformation of the response was modeled. The ranking
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p-values in the presence of the antigen and the absenﬁg ES of IL-&E
constructs were ranked, by assigning a score of 6 to & Svi t h
the largest difference, 5 to the next |argest, etc, but 0 to any
constructs where the difference was not statistically significant at the
5% level. 30 The assunptions of the nodel - that the residuals were

normal ly distributed with constant variance, were assessed using graphical
met hods and sembitheitynstnatysesaswheresénsstivel bg dadaseeoad arsqguare

root 35 transf@g$a%%%ﬂygé%%ggc§gsgﬁgs&o eg_rmdeled. The ranking -60 18 he

February, 2006 0 S Was no ensitive to departures from
assunptions of the nodel. Having cal cul ated the ranks for each response in

car oul ot odacr e 105 Ehfledehbe. =S rof | st hg T AR R Shble tRE Cotal

cal cul ated across &t |
ranki ngs aér ossxpdmei iB=nexpepanerd by, 10oot atanlankiogstioé Bosmstsusts for

each of 3-'sets of responses, conbjned,across 3 | nol ogy. experi ments. Day
7°(7 days post THPEEY 70y sOpbSt L ERA L TUROpT | ot y] TXBObLTS b ol o08
GRN518 3 GNRI1 724 128y IRGN2E823] 8 35 IR Sve 7o NRG2EADk Dngs across the 3

experiments.

10 Total rankings of constructs for each of 3 sets of
responses, combined across 3 immunology experiments.

Construct Day 7 (7 days post Day 35 (7 days post
primary) boost)

Ch8 Ch4 CD8
GRN 5 18 3
GNR 17 24 28
RGN 28 23 33
RNG 25 27 37
NRG 25 19 0
NGR 4 14 10

RNG has the highest ranking for both sets of responses at
Day 35, and the second highest ranking behind RGN at Day
15 7. RGN also receives high rankings for both sets of

responses at Day 35.
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NGR414 10 RNG has the highest ranking for both sets of responses_at Day
35, and the second hi ghest ranking behind RGN at Day 18 Febrpagy., 2006

recei ves high rankings for both sets of responses at Day 35. 18 February,
2006 CLAIMS 1. A nucl eotide sequence that encodes an HI V-1 gag protein or
fragnment containing a gag epitope thereof, an H V-1 Nef protein or a
fragnment thereof containing a net epitope, and an RT protein or a fragnent
containing an RT_epitope, operably linked to a heterol ogous pronoter. 2_ A
nucl eoti de sequ M3s claimed in claim| wherein the gag protein

conprises pl7. 3. A nucleotide sequence as clained in claim2 wherein the

gag protein ad itio;&al |y conprises p24. 4. A nucl eotide sequence as
clainmed in any dne o 'E’IcéPFHe?eqL@"Se easades ge HIYdgoagroteiter fragneidon

optim sed to reseithihigldagCaepe UsRES, 4 HAV-1INER boteif P IR RibnbERdr gENe
havi ng an RSCU val.ue. of 0.5. 5. A ucl eot i de sequence as clained I n any
precedi ng cl ai ntXINEPEE R qeh Epiepe, §‘Ba§@ﬁ§-epr813"'f Oy enticoptading an BRI iope,
optinmised to resmusble liskeditahl hetenspgess p@dmdstman gene. 6. A nucl eoti de
sequence as clainmed In any preceding clai mwherein the order of the
sequence is RT, gag, Nef or RT Net gag. 7. A nucleotide sequence sel ected
from the group ZonsiAhudeptite.sequén®@ 4s0daimedd claiel wherds ad@etelp 17, p24)
(codon opti rﬁsec%}n riQ% ﬁruncat e) Gag (pl7.p24), RT, Nef (truncate) Gag
(pl 7, p24) codon optt BYd, RT, Net (truncate) Gag (pl 7,p24) codon

optim sed, RT codon optim sed, Net truncate RT (codon optim sed), Gag

(pl7, p24) coden opti rrps Nef truncate .. .(codon I m sed), . Net
truncate, gag %17, &'ﬂ‘c?e&%gﬁS%T?Wféﬁweﬁ’%f’b%t”ﬁﬁ"g‘g%’&@ﬁd’é‘gtﬁ@ cl ai ned
in any precedi rgdiiprdiyncainprisisp2die  het er ol ogous pronoter is the pronoter
from HCW | E gene.

4, A nucleotide sequence as claimed in any one of claims 1 to 3 wherein the
gag sequence is codon optimised to resemble the codon usage in a highly
expressed human gene having an RSCU vailue of 0.5,

5. A nucleotide sequence as dlalmed in any preceding claim wherein the RT
sequence or fragment thereaf is codon optimised to resemble a highly expressed
human gene.

6. A nucleotide sequence as claimed In any preceding claim wherein the order
of the sequence is RT, gag, Nef or RT Nef gag.

7. A nucleotide sequence selected from the group consisting of;
* Gag (p17.p24), Nef truncate
» Gag (p17,p24) (codon optimised), Nef (truncate)
*  Gag (p17.p24), RT, Nef (truncate)
* Gag (p17,p24) codon optimised, RT, Nef (truncate)
« Gag (p17,p24) codon optimised, RT codon optimised, Nef truncaie
» RT (codon optimised), Gag (p17, p24) codon optimised, Nef truncate
* RT (codon optimised), Nef truncate, gag p17, p24 codon optimised

-8 A nucleotide sequence as claimed in any preceding claim wherein the
heterologous promoter is the promoter from HCMV |E gene.
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62 18 February, 2006 9. A nucl eotide sequence as clained in claimg8 wherein
the 5° of the pronoter conprises exon 1. 10. A nucl % as
clainmed in any preceding claimwherein the RT encodes a nmutation to
substantially inactivate any reverse transcriptase activity. 11. A

nucl eqti de sequence as clainmed in claim10 which the RT is nutated by

substituting tryptophan 229 for Lysine. 12. A vector conprising a
13. A vector

nucl eoti de sequegynce ed in any one of .clains | to 11.

as clainmed in claim ',-'&\l/l\%ﬂgﬁ sfagueé'cei\éfﬂ]a"‘?%%{"o‘?‘a.m‘ﬁlwhﬂqﬂ thg |5 ofctbe prompter
clainmed in clai #PTRg¢d eXdenis a replication defective adenovirus, 15. A
vector as clained In claim12 which is a double stranded DNA plasm d. 16. A

protei n encoded by a nucl eoti de sequence as clainmed In any of clains 1 to
11. 17. A phar nd@eut Aduiclepbdpssivencmas dajoredsin apy preveding Vil eviiensiy 8aaeT of

claiml to 11 : J .14 or 15 and a pharmaceutically
acceptabl e ex c%ﬁﬁ %ﬁ‘?‘f’ﬂ@iﬁ"g“%‘%@%ﬁy (i)rfa%g\ajtﬁ Fah Fveﬁqwsﬁ'ﬁ%‘?m'ﬂ'ﬁ- cal
conposition as clained in claim 17 adapted for Intra- nuscul ar or

I ntra-dernmal de{q ver ; i . osiLtion .as._glai in claim
17 or 18 wherein the#nggrg??dgrééﬁgéiag%l iﬁggﬁ 8'%"§ thcﬁftE%R&éﬁﬁﬁ'nfaq%BY very
devi ce conpri siSYgstiutingtryrterhani22gifordysipesi ti on of claim 17, 18 or 19. 63.
18 February, 2006 21. A nucleotide sequence of any of clains 1 to 11, a
vect or of claig112 to 15, or a conposition of any of clainms 17 to 19, for
use in medi ci ndZ 22 A \GSlorepPTRriping paviciegtidassrpuence as tlaimad iafang loaé o clainied1 11
or a vector offefpim12 to 15, or a conposition of any of clains 17 to 19

in the manufacture of a nedicanent for the treatnent of disease. 23. A
process for the production of a nucleotide as clainmed in any of clains | to

13. A vector as claimed in claim 12, which is a viral vecior.

14. A viral vector as claimed in ¢Jaim 13 which is a replication defective
adenovirus.

15. Avector as claimed in claim 12 which Is a double stranded DNA plasmid.

16. A protein encoded by a nucleotide sequence as claimed in any of claims 1 to
11.

17. A pharmaceutical composition comprising a nucleotide sequence of claim 1
to 11 or a vector of claim 12, 13, 14 or 15 and a pharmaceutically acceptable
excipient, difuent, carrier or adjuvant.

18. A pharmaceutical composition as claimed in claim 17 adapted for fntra-
muscular or Infra-dermal delivery.

19. A pharmaceutical composition as claimed in claim 17 or 18 wherein the
carrier is a gold bead.

| 20.  An intra-denmal delivery device comprising a pharmaceutical compasition of
claim 17, 18 or 19.

63.



11 conprising operably linking a nucl eotide sequence encFodi ng an_ H V A gag
pidFebruary.¢2000 ., ¢

or fragnent thereof and a second H V-1 Net

protein
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thereof to a heterol ogous pronoter sequence.

21. A nudleotide sequence of any of claims 1 to 11, a vector of ¢laim 12 fo 15, or
a composition of any of claims 17 to 19, for use in medicine.

22.  Use of a nucieotide sequence of any of claims 1 to 11 or a vector of claim 12
ta 15, or a composition of any of claims 17 to 19 in the manufacture of a medicament

for the treatment of disease.

23. A process for the production of a nucleotide as dalmed in any of claims 1 to
11 comprising operably linking a nucleotide sequence enceding an HIV-1 gag protein
or fragment thereof and a second HIV-1 Naf protein or fragment thereof to a

heterologous promoter sequence.
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