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[0005] Rapid improvements in DNA synthesis technology promise to revolutionize
traditional methods employed in virology. One of the approaches traditionally used to
eliminate the functions of different regions of the viral genome makes extensive but laborious
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genomes of virus strains. However, viral genomes, especially of RNA viruses, are relatively
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The major drawback of an attenuated vaccine is that it has some significant frequency of
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[%82 @g@% % .”Eégﬁ%né’é £1¥5§1HE%F ﬂ§§ﬁﬁ‘)‘@?§ -g\/(ﬁp %%g\y-i_SﬁV\éaggid coding
regionyr Aihthuklcotidd equintet LRV (¢) (SB@MNGY.E), ®V-AB (S8Q If) NO:2) and
PV-Slgkgﬁéi?Igpﬁépﬁ;v%g?.glé,gep[%g%gglilpgeo N 'mo%. ﬂg{gg#%g?eoﬁé&%et, 1988).
Numb%lésf'alibg@éj Eﬁé’%s%gl{/é&ﬁ% ’ke'f%(g)@) %%@Usﬁst%?i‘i%ﬁ%iﬁ E)ﬁ\’; %%ﬁ'd'(sé?xe'n@é eqh&htide 1
correspvhadsB3 Bivelestid:; 743Gn dimdP VM PuirisBadte 2 Ob theCorstmedd seljaange, the

areas.are outlined.b rimof infected Ils (C and
occurCE e Rym el 17 M Bt oat £ oA DY P ubBgAse leter
the oc@hitr&ice DY BRAAHRHucIRONE @l twéioPhiR! thideabidnbesa iddi@utdedy a lower
shown in panel G (I and J) M crophotographs of the
case lettRgeanstfthencqumenerositthica dffertaiquelcptidasun 8 thiee pequencqs|iy
indicaQlq @ny ipfdect ed focus produced by PV-AB2470-2954 (J)
54 22 B89 of infection. 6 WD 2008/ 121992
us [ ' ) )
[ t i ot eteatsS—t o Feguet FotH0
constiubls ®SEd Mith¥ studd) (BPOLESRp $edwBlKeEdicORIREESES! Rbndlhydr®NC to
genom ¢ RNA isolated frompurified virus particles of
H) Plaene iwherdtyres of podopydenpligbzed 5imses aige 4@ h (Cdad) or 72 h (G and H) of

. PV- AB2470- 2954 ( e 1 (B)..Si|.ver -.st ai ned -
incubjiye S TR Rt By Rl ) & B B D V-
SD, () PMAR)(F) BRWdABVAB24F @nd H) PV-AB*Y**>*. Cleared plaque areas are

outlined by a rim of infected cells (C and D). (H) No plaques are apparent with PV-AB**™""
2954

after subsequent crystal violet staining of the well shown in panel G. (I and J)
Microphotographs of the edge of an immunostained plaque produced by PV(M) (I) or an
infected focus produced by PV-AB**"">%? (J) after 48 h of infection.



2954 (lane 3) virus particles. The three | arger of the

four capsid proteins (VP I, VP2, and VP3) are shown,
waeleenseati ng the purity and rel ati ve anount SPOF/US1008/658952

preparations. (C) Developnent of a virus capture

n I r r r-al lin h h
(865 L 4 cPan dRapliteing S fo £ pes Bl PBRaRC bRty

(A) A@%b@é’éi'efe%tr&ﬁ{cﬁeé@@ﬂvlﬁ@n gé}ﬁﬁmghll\%ls%la@&?ﬁ;@m pRfed virus particles

| es contal%gp an unknown V|r9§ ncentrati on were
of PV@W (lpead1 ¥ BV-ARED Sby(laiI@tZécemddW AR S6-P(B)\pitves-stained

entrati aisstandard )
sDs- R0 47 R AN e T i e < (B Al onf PaRe ™
2951 (1yMe iviirus phriakies ( Phe Hhe: RARYBE the Furldpdifl pRscivé (Valsl A, and VP3)
extracted virion RNA were spectrophotonetrical |
are shgwandqmqnstatingrigic pHBtyrandtselativg arpeynts ef @@Jsmrepag’céwaﬁe(c)
Develggﬁﬁ%(taclf%%@rs &%‘%ﬁl%%ﬁ?é %sl'neﬁ é&l?&lr\}\le Icte gf;lg%]ﬁ'ﬁe e@i%éﬁhtase
(CD18-APAfusldieproteire pilobe.Usiriis-dpe tifi @fanﬁ'aﬁhes\/w&m sobi® coat ELISA plates,
determ ned by plaque/infected-focus assay, .and t

and sagnples ¢qniainifg ag flrﬂquvl W CORFaLPR aveaﬁ‘sapmbeﬁ B)Alfoweéwér dgtection
| r
with dc’:_]g' oﬂ;@ge ggﬂ% r%o{zl&%?r%ﬂlo E%al@ulg!e\f}lu\rﬁal a%t&nd@@séuﬁé ﬁ@BpaQEd n
paralldhe]ﬂoklycpm arpouytes ef pnrrfm«i vatvmis (éE) e(@lTlmfangmn‘axr(rf purified virus and
nsla andard in V|t | ation

extra \Qngn %é]o% %/leé 'aA%)Fctrq Oﬁ%et]ﬁ?aé]é/éWf}%tl &%@g I]?BH@FSIOE particles or

genorfdEReh A DA BabA =2Ndirioh cdlEMERY. SIMdﬁiJnf eIrRACBRcdnations
translatlon capacities of codon-deoptim zed genones

were ¢aerpanatbyt BLIShPe Fhyinfectipus Bhoekheack vans was éfrt@mmogi@ph

of 5 i oni | abel.ed . transl at|
pla el M BREBR et R PR gt o
FFU/@hegleant band (*) is not known. (B) In vitro
translation in nondial yzed HeLa S10 extract w thout
[00%9] agdsiuid 9N /08, BXAYAROMSoBHIBR-dBGHtHRi-8d thd AN AR idubes.
t he presence of conpeting celTular nRNAS UNCOVErs a
The P¥efABqthenotype mrsteamingd a¢ thgdevel pégetmmedw@htid@om) Ansmedlard in
a,Western bl o rus

virro R0 BT Pt ST Pt iF B TRt ShPotlibe SloudF sl frhihodSids and
tRNAK e5hNed d@ffcranded th SEIs1 dtidwicaglitics Di@oddl-ddoptithi AR des

of the 2BC transl ation products are 3gx]pr essed bel ow

compgrgg fp ha R (3B vpre Shernagesaweradiograph ob 4ndlmqtbiosor-lehelis e
transl?ﬂonﬁﬂ*?!h}/c‘ﬁ I%S(ﬁtied Sh ¥ 'ly g‘Vt $88 %Jéa(;]% %gle uﬁ{quenglgf bfsér)'; a%%%r%ntfband

er replicons contirns trimen
(*)is ﬁ@ﬁﬂnw@he @BY) invizratttansiatidn iﬁ\ﬁohdﬁt’_r,&baﬂem S10 Axtr&e el the
of _dicistronic re Ilcons s P1 capsid coding
additigr gt EtpgeRouterdng bt 4 iﬁﬁﬁ%?re@we FrBPStipg cRllular

mRNAk‘ ﬁht{o%%ﬁsaedeg@c@ & §edtisladioh calgﬁitfe% 3¢ BaddndtoBfimEranal %&omes

| evel s of F-Luc expressi o relative to an I nter
Shown @yt mteﬁﬁalbu«ﬁ)poéﬂowmzc ogactinetrapséatioh fradatctsqACOF*, 2BC, and

P2) re{%xlhlbo llh{é)aﬁé %&gl%./gelz gé; %t]f%e%zm&gcgs{ (HS Eg ggﬁgga%%gﬁgn products

are ex?f@ﬁb%ﬂ%@‘dv@@adhﬂﬁ& d8)eRcchRigh SoE wt bgdibated for 7 h in
he presence of 2 nmM guani di ne-hydrochl oride to block

[(Fq:jﬁy e @k ARal s1:sr e \%l/@{rhﬁ’s@atfoﬁtlﬁm fdlélgt?(ﬁﬁé ARG replicons

conﬁm’rseth@ddftﬁntental effect of codon deoptlrmzatlon on PV translatlon (A) Schematic of

dicistronic replicons. Various P1 capsid coding sequences were inserted upstream of the
firefly luciferase gene (F-Luc). Determination of changing levels of F-Luc expression

relative to an internal control (R-Luc) allows for the quantification of ribosome transit



of codon deoptim zation. Wile the capsid coding
sequences of two viable virus constructs,

WEWRB2WID- 2954 and PV- AB 2954- 3386, al | ow bet REBTSHN8/058952
and 80% of wt translation, translation efficiency

el o 0%.i, s associated w the leth hen pes
througlBR ) CaPVi Fo8 i d PR oM AN Cot PR Bl m e Cols and
1ncub£%¥d AR Br tgélﬁl%s&fce %@w\@aﬂﬁﬁletm&&%ﬁm& tb B%cﬁ‘f@ﬁ&gﬁ)hcanon
of 6 assays Trom 3 independent éxperinents. [0031]
The r¢tatiperratedf tPaslation thrmhéhﬁjbhrqgamwtﬁ lazerofly mmmrtloalﬁbto the extent
nt the avera
of codfreParihi ioron T MR haie AERERRE 45 S A IE s egnstructs.
PV-ABEYYH.and Gadap Pait, Rias bétRR) covasd S@k ohatadsihin, translatlon
14, 795 annot at ed hunan genes. Under-represented codo

officigngy sloyi 2% iyrsgeaiatod wilb dhelsthalpipmotypes oscagdivgth the PV-AB PV-
AB247V &b Qﬁh‘ 991%% 0‘;;2“72%51?&%%0 Rﬁatlﬁelﬁ?%ﬁreﬁntsgﬁé g\?e?% ﬂ%bé/stsaﬁres from 3

indep&tdekt@épeﬁmeﬁt@. genes cI usters around 0.1. CPB is shown
for PV(M-w (labeled "WM") (-0.02), custom zed

(6031} heFigirdD! DeMkiiSnEaR®Bh PairBasMDhulitl a”®ViralfYRM. Mots
(-0.48), and PV(M-wt:PV-Mn chinera capsids

represeRt the ﬁvgggezwylgn-(pﬂlr p\:prmpﬁlxcpdpn (2w farigne plotted against its length.

cou EY RSP TORR o R g 0y S O e

codonngiirs §lidlé heghtive schass. REPB isyilatsed fob O@Zdus lﬁbQWlmsfPl constructs,
Char acteristics of codonsfpal r. deoptim zed poli

represepigd by spmgelsweith arggwiet Thed Jélalpféatmﬁ@afpthéau&qfélﬁma@enes
\/- /| 7 Ryt d
clustelr)shar qW®P: %ﬂ%qﬁ o %e %ﬁ K ("ligb%fédt Wz ) (SO ?}% UREi28

or der magni t ude arison to
syntheFiM(MlomuS widy 8V -Mak |(+@/ AN §¥SM[1H 604eE andl PEV (M)dvatrPV-Min

enm RS B0 XL BRrLACLES (81 (Si0u, L0, Lot v ELOUL Y

(-0.202' Witudds ﬁ\QSMﬂrP\d-@QPEﬂe%eZl%gul‘t’bf HR8& K \{oﬁ\%ﬁé Dbk PbBalanh
- AB2470- 2954 (see Fig. 3B) (PFUis " aque For m ng

codonriitbids. [ 0033] Figure 9. Asserrbl y of chineric viral
genomes. To "scan" through a target genone (red)
[(ﬂ]’ﬁﬁﬂ | Segnest Ehametesssiof edbnopaisguuptiaticdedlian One-step growth

) info.th nNENR I py)ggy rla n

Kinetipci/ S OBA4 P regtipeiorg Ve e o RE i o Tt BERAERd on he

order ¥ §t590'?@1&fr95f ﬂhﬁgmﬁﬁ@ 8 b ?Qﬂ&)fn to PMMYSIZ v, Léﬁ VlI%k&I'HI'OduCG
expressi on plasm ds containing the eight viral

a similarg@mbedofl \betl ‘p@élnles k@0t I8 byprem npfdals Higmebndys ercsalt dhEt lhl“eU/;pettlcle
ansfected into 55@&50
ratio it e G0 R irar 4 o R A S SR oI 2

Fig. 33?@71:@@4}%@@ Ho@hing @aighpol Il wll transcribe the
asmd tenplate, presumably in different nucl ear

(Sx3par FIRL 5, AWy Bf WihRAO8{rdi2kA8meECTo L{%%Q’@t?r{r&%%?%rget

resurt n the synthesis of viral nRNAs and
genordyf red) ssnatltshgmists efc anidificdoalsynthedizedend sgradungl o the wt genome

oteins (P PB2, PA, nucl eoproteins), the viral
(b1a01$i’5|°V8%?R 5:‘%%8%@]%1 eis | niti ated. Utimately, the
[@éﬁsc l.(il\ Jrhe},/!clrg -plasrm %%ll 18301 rsx?s%érll)for(tgg !qenlelration of

influenza A virus. Elght expression plasmids containing the eight viral cDNAs inserted

between the human pol I promoter and the pol II promoter are transfected into eukaryotic
cells. Because each plasmid contains two different promoters, both cellular pol I and pol 11

will transcribe the plasmid template, presumably in different nuclear compartments, which



indirectly (pol I transcription and viral replication)
derived fromthe cellular transcription and

W@ e@ss®p: on machi nery results in the interactPORNUSH008/058952
all synthesized nol ecul es (vRNPs and the structural

will r%ﬂﬁé%the&ugthﬁﬁﬁ@@ an%éﬁ F‘E‘g tﬁ%&fr‘geneﬁe%qfﬁm viral
polynl¥eHBRBMp Rk p%telns %ﬂ%p .PBA bat ﬁucl&lﬂﬁr&%nﬁ% ehOYiRe 'ireﬁ/l\fwtfforpéycle is

synt heS| zi n%e enza de novo Fi gure 11.
lnltlat%l Ubately, Benssemblynof§ @Lfﬂtaﬂ mqlgzuiﬁsrdaﬂecfd}oﬁmﬂ Hdmnscrlpﬁ@e) or

T R e T R
translﬁh‘(n'\ﬂladﬁin&? ‘kaBﬁlt@mRhE\mt@@étﬁiﬂ oftah%y@tfh@ﬂzddefﬁﬁlﬂeﬁﬂesf (VRIS and the
of PV(M-wt, the CPB custom zed synthetic viruses

structymgl myelnsd\IIAM\IA Mol M2, RS 2BVER) tosgenpigtavinfectippsaflyenza A virus.

(Reprfled T AR AL SRR RS b e SRR PR Bl

influedhedamaval). constructs hi ghli ght ed PV-M n755- 2111
(PV-M nXY) and PV-M n n2470 33s5 (PV-M nZ), were
[6035] heFiGhal ACPEIGVvERSY GéHEemE an@SIMh&RAVialatdBiu@t.e®he poliovirus
phenotype. [0036] Figure 12. On-Step growth curves

genongg &5l Qnpn Seadineafrarke qht,r@,erxq ‘éI'Udil Cﬁgstalcsﬁ mdpap scheguiie iof {he full-

length(z)f’\vf\gg usgéit%t 1\6\/' A d?%{ao%a, ga%tng\r/ fr%is c‘f'%/g('ﬁp WtheoéPB

custorhfzed E’ﬁiﬁlatc xtlhﬁegﬂ’veﬂa)t inVBM)ﬁ)I amtishe( PV (M)-w4:PVEMiid Ohin24a viruses.
hrs) wa measured by plaque _assay. Correspondi
Black§§)ﬁ§m0§ds to«[jV X W) ssguengey Gy XY - Mlg)syrp{yeth\ﬂeﬁqggc,l@%ﬁ hatched
to PV(N@ix PyheMil l%bﬁstgl%?schl I{l) hfY: M%ﬁs@ﬁ@ ]\g’qn& a(nl‘F)PV-MmZMO
spl ays t conver% c? of t he cal cu ate
3385 (Pééh/hnZ) mrqamrmr thargeanizied Hesfod markeilly achiaadkphdoytype.
multiplying the PFU mM by the respective viruses
(@036t f Fozurd 1 2cO Sty growel teseodichingsinsMrkdkscsagelding(@Similar
[0037] FI gure 13. 1 n Vfl VO tm)dul ation of translation by

A& At YIOR P& 2 A Ugashigtiptiet
monofé?&dof{l@eLqH@m %Dé ﬁlF?FUnatYﬁeV vé&l tfn%gh) ﬁ(ghﬁsthnlo 24 48 ES) was

ansl ation rst cistron ut epat’iti

e AL R R i

uc). This first C|stron|sthe|nternal contro
Min7 é%|13t 60 PVl p 24 (aﬁé’G’an@XYb fis U P VRN Z. T(H l%léléléworhe
cistron controlled by the PV(M | RES induces t
conveysighaf the %‘ﬁulé‘fed FPFNémi/ §t qagl Flfn@rP@é}E te martigley/mlTi; élsraébﬁeéi?fi by
I e
i SR PET o e K SO TR Shoclf iR RE2E p¥sdoiing
symbolespmath)ve RNA construct was transfected, in the
presence of 2nM guani di ne hydrochl oride, into HeLa R19
[€03AD 2%‘ﬂrél231.9%1%0@&%&6186%&&5}210n(b@|allt8raﬁ6ﬁi oB€PBI (8) The
hours the R-Luc and F-Luc were neasured. The

dicistIpn{c N A QORRrHFA Pisao WatELTY s i ot bpot GP oy en drgnslation. The
first CE %%ﬁﬂ&est §1!1t?stC gﬂu§ fl*?(g%) ntérﬁglelgi]oog: ﬁ:“tr}g'lteu -gﬂeiis%s? 1Snducmg

|nact|v tion pro e synt etic-vir
the tramkaheum gBHenilld bucitidrescqBt Lad)afThisdirgtecisicoml ie tleademap adrtrol used to

normat?{zg%hena})n(iiollflllt 8? 1tn|p8tnRI§I|At ell:hse stepoendgcrlsotf’o?l cggtrrgll O(J byg %e %TV(M)-Wt IRES

induces the translation of Firefly Luciferase (F-Luc). The region labeled “P1” in the
construct was replaced by the cDNA of each respective viruses P1. (B) Each respective RNA

construct was transfected, in the presence of 2mM guanidine hydrochloride, into HeLa R19



virions, as one mght expect if capsid proteins were

m sfol ded, the thermal stability of PVM nXY and
wWeWwokizBI2Nas tested. An equal nunber of parti cPEBHUSRINE058952

i ncubated at 50C and the remaining infectivity

antif ter giv eriods of ti V] paue
celts SR 6 b s FLafenGE-BF v e mgrmrbr Toe bl BABEHG wptges were
normad&éa @é%t aeztsquw&w&ﬁsﬁﬁ@@@too%)cr eased | oss of
viability at 50Cin conparlson tow PV(M. This was

[@3%# he; %@% 4. 'ﬁf@ehéalﬂ ﬁ{agﬁvatloﬂ %‘P(H‘ilg af #h%@ghﬂhﬁ_tzé bl?l%@? %funchanged

To rulc@nt thastargd doele Sathompdir bias umddaratioe slters th%@rm.ssmorphology of

. mutations in the enmsrelone the
viriongigs one npightigxpggtyt ChpSAqER RN or %ﬂ@?lﬂﬁg T grml Rbr bifiy of
PVMW&A%@M&W&W@QG& OA%%E an%fnl rﬁ%’@&s \Eérg %c%b&é%\at 50°C

Neutralizing antibody tit g vacci nation
and thgrrempinofg iefegtivity iahbSed gfteri giesn mémobtﬁmmlaqhaque assay. If the

Iete t.he. regi nen, ach inqculated b
capsidoy ¢ thgoRmiehRELPsq H]”eé%%i‘fs\gﬁ% IR e Youl exeget Wé‘/é%ﬁ%ﬂ loss of viability
at SOomh%BﬁYﬁsdﬁ' th Qvtml\/ﬂa Fithi Sl &Sn R h MM Pie fhedmal Mtlvanon kinetics
PV-M n @) d the 'serum conversion was neasured 10
of botH aysthetic @'rusmww idantical (aibeiwtaln contragt, Her§abont alrus ¢amass

numelg)ﬁ% I%}S}lgm?ns n &g%]fl%(pe Eeig&oﬁlkqsﬂc{) og Yol agg Cw%uc%hh Elltt{n%g Y, N Jendered
this vty lessilat NIl c@ﬁiph&aduv&wq(was measured via mcro-
neutralization assay. (*) No virus neutralization for
[6039K- V RERIOSS eﬂeﬁﬁlf?ﬁl@n%@d\d%?fotﬂ%%l@é vackih8tibR & Skoup of eight
tested 1. 8. [0U40] Flgure Ib. Tniluenza virus carrying
CD156 dglonce ag¢ven aé oy dhndorgdethiPtleaggeren, wi)cagh PReuIARN bR
virus are viable and produce snmall er plaques on NMDCK
intrapeitoneal Gigpgametiret dimes ke waekRR towvals (Bih 1K) PREICKBIE PVi-MisZ ()
di spl ay del ayed growth kinetics and final titers 3-5
and PValigh>oel( eWaid thd stxipecovBRHn WAOAddsufcdgwrdyd dfter the final
I nfl uenza virus carrying codon pair-deopti mzed PBl or
vaccidfioané hdﬁ%oste@hmtasros@ @QchNaFaR&t PBrifs thd amvctagemautralizing antibody
.. A PR8- HAM n/ NP Vi rus re Vi a d oduce .
titer FQAGEY pUpFyRR. e peieoByint BEbEL G BATOEr vip migro-
neutraizhibrt 308:. (EPNoAIBRERBlMtionRBr nRRR-vALdRBed WYMAIsNEM detected at
virus display delayed growth kinetics and final titers
the logbgesterdl:Bol d  bel ow wil d type A/PR8. [0042] Figure
18. Attenuation of A/ PR8-NP" in BALB/c nouse nodel .
g tadedpanaddrptienzadi N segment.

(A) ATTERESS 563s By %&%gggs%f'wlféaP@ﬂmsrs)éﬂ%@f%ﬁlwmpmd to

the AJPRESyURBH AYPRSINFETH Qhhs didBlayAlclayl GRovitR ikedkicOinEfig titers 3-5
vacci nated with A/ PR8-N n virus survived, where as

fold belemyw ogpctAMBREf ei ght) nmice infected with A PR8  were
alive 13 days post vaccination. (C) M ce vaccinated
[@G4iLh AFRR8e NPMnhlugnzausruacerryipg cubécmlgfdr feoptmo el HEblngeHA and

NP sciy WL 12& w&ggﬁénl ,\R}gﬁﬁpﬁﬂéﬁd m?Nﬁ{ME virus a?eE I}fdbi_e and produce
smaller plaques on MDCK cells as compared to the A/PR8 wild type. (B) A/PR§-PB]M™RE
and A/PR8-HAM"/NPM" virus display delayed growth kinetics and final titers about 10 fold
below wild type A/PRS.

[0042]  Figure 18. Attenuation of A/PR8-NPM2 in BALB/c mouse model. (A)

A/PR8-NPM™ virys has reduced pathogenicity compared to wild type A/PRS virus as

10



[0043] The present invention relates to the production

of attenuated viruses that may be used as vaccines to
w@e@Baz9ngai nst viral infection and di sease. PCT/US2008/058952

Accordi ngly, the i nvention provides an attenuated

Vir whi ¢ i ses .vira no : :
deterrpiggd By wieHl s PR B0t vt o DA %ﬁ#@h@?ﬁ%&ﬁ&achated with
A/PRSINIM iRl sQRAFddORBeres LRE, BON AR, of M Bk tificted with A/PRS

substitutions introduce a plurality of synonynpus
were gdogoRglaynpest vhesinpeino meC aMddcoraceinathd mad APREHEP OF disus ot

T Y R G

wi | d-type am no aC|d sequences of the viral gene
product s PETAIEFD DESCRIPIAOIN GFSTHENNVENTION ar e
encoded by nore than one codon. See the genetic code
[o(m]rab I:E %resgrﬁrimbdﬂﬁbﬁ%lﬂes R A0 bR ForedTaAE Bcht R vikdsh that may
GCA, and GCG Three am no acids (Leu, Ser, and
be usedrag)vaacrléesén oovted apyingfi wrabiinfgasion and diseisms Acgprdingly riihg/invention
prov1%ers an élgt N?edt\hruts \éllrlllggl gmf) 1sge%sagr}qr%dlfai?n(§ﬁlrﬁ qudr?lg xl;?]lﬁalmngfnucleotlde
substietidAP bggindakdd inGhlTtiplcWhsatichiGn thitJhenoai] wtksirathe substitutions
synonynous codons that code for Leu. nonynous
mtrod@%%a ity OE@tnoag@aqudﬁnsamt cfzeReR h’é‘%f 3 ¢hagepat the order of
a
ex1st11{1é1§0éf§?§ Irfgr élﬁegﬁt 1}‘1? ac Vﬁh Q]%Q 8E§°d8g %gﬁ%ﬁl%%ml)'i gn both cases, the
original umhﬂmypc a@imeh actd’@qu&&e@f)f thhegel goad tprmiuets haneesnddne
rate and/ or accuracy of protein translation.

[6043Y er 38dsy amirdoRNAB ak@Encobied byameke/thus 86k esidanSeathe genetic code
found at relatively low |l evels, and the use of rare

in Tablg doRer nstanefalfpincrnenceded by GAhLIGE GhAr atdGEfd/ Hiree amino
acids Qfe%%%i)fnd AMYSie é&oagﬂﬁfﬁﬁ d?ff&%ﬁ’t%ﬁd&%d%ﬂe bﬂlgarcﬁg giglg] Wlleg have

a symonynous ess frequently use
uniqué codumb s t'Syrongmaus’™ @eond artricadals thadocodenh®sdniteamino laeidc Thus,

for ex?ﬁa@t pl %8 %gé/A 19(.-92 ] %&} 83/@1%) gﬁ%%%@ogﬂg)'dg@% thp§,?ode for
Leu. %1%0112}1"‘0%9 c&fd'ng ﬁfr %‘%8 ﬁlgl—-ﬁq: with e&l%ll' frﬁgﬁengg? gér']n%%@ éhﬁ%ﬁ@ﬁéﬁuemﬂy
used dadonﬁnra p&n@cl@r olrganishin areAchsegelr which thd evgihte tRNA iSeburdant, and
the use o? theser coc%ns enlglnces the rate and/or accuracy of protein translation. Conversely,
tRNAsS for the rarely used codons are found at relatively low levels, and the use of rare
codons is thought to reduce translation rate and/or accuracy. Thus, to replace a given codon

in a nucleic acid by a synonymous but less frequently used codon is to substitute a

“deoptimized” codon into the nucleic acid.
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t he g ﬂ}stdhﬁéBfﬁl@t i#9e3h Hodbh GREo ML taoﬁaﬁ’tlétﬁatt Qﬁﬁno‘ bcihas

not been

possi b

le to

sep

arate essenti al

Vi

ral

r é&ﬂwrb@tth@ EtrpastGobnan; fﬂ%f’ﬁcﬁ%é Aegetiide iygoayminghniop rey:

t Bied thicbisd nudiédtidSAVERoSnria iR Idinsssk eslachnher ei n may
afford a neans of engi neering non-pathogenic vira

vectors for plant transformation.

[0048] WMmjor viral

[GShogemnaddiflor) drgas dr@AdSh hM & plefdatdadgeths nadresticbon neighbor

causatlve a
of a glygn saden Ayvefq

w1tho§'ﬁr{ﬁﬁ§§1l F

productidrcéfengmoteif.var i cel | a zost er
par amyxovi r us),

f
B 6

uses

d&%

ents of many di seases.in
rredrie dubias i Rpladspagtutijizatign. di shangeofcadon pair bias,

ROk (GRS

uenza

vVirus),
munps (a paranmyxovi rus),

uen

humans and ot her

r@%mrbg Bsis and

neasl es (a
polionyelitis

[@0#@] | OV Vatsous RMbodiments of the present invention, the virus is a DNA, RNA,

double-stranded, or single-stranded virus. In further embodiments, the virus infects an
animal or a plant. In preferred embodiments, the animal is a human. A large number of
animal viruses are well known to cause diseases (see below). Certain medically important
viruses, such as those causing rabies, severe acute respiratory syndrome (SARS), and avian

flu, can also spread to humans from their normal non-human hosts.

[0047]

ongoing to develop viral vectors for producing transgenic plants. The advantages of such

Viruses also constitute a major group of plant pathogens, and research is

vectors include the ease of transforming plants, the ability to transform mature plants which
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rabi es (Lyssavirus), cold sores (Herpes Sinplex Virus
[HSV] Type 1), and genital herpes (HSV Type 2). Prior

W@ 008hz1991t r oduct i on of vacci nati on prograns fRET/US2008/058952
children, many of these were conmmon chil dhood

. ases worldwi de, and are still .a significan
ObVla%ﬁ}? fho rrﬁgengffﬁ@nageéqaaiﬁeﬂﬁ gt 0P & Enelgiglormed & and
high 16%&@@{%%@&69 of ﬁﬁ&gﬁ%eﬁ@ffﬁorﬁ 8l RSP SBRS B8 VU8l

acqui red i mrunodeficiency syndroma (AIDS) caused by
Howemenrane ¢fhtirg mdedusaxivan@gemfrtU@e VEHbN)is theie it dneneidieee possible to

resp irator ndr.o AR cau ed b ARS .
separfi FBRAH PIrd! AUOALR RO R B ES B e3P Rnprtaghins vigus. The
SAVH bty dlmea hé@hpﬂnay bffoi%)a mwfskweﬁ iR @R Mo 3Gt Ho gb MY Rfral

(Marburg virus), dengue fever (Flavivirus serotypes),
VeCtOl‘Mcgltplmﬂtlt@néf‘?é@m itis(a flavivirus), infectious

nononucl eosi s (Epstein-Barr virus, EBV), hepatitis

[§048pat Majer €irgl pathogdiS\in hulesyat i t is B vir us, HBV), and

yell ow fever (flavivirus). Certain types of cancer can

[@049p b&irat patbegbnbyravthe vasstivdapens)od malny disahdeh am@&mmsamd other
i ons by | | omavi rus re benig

i nf man_ papi
animalio BT DRB A BRRGOE B 45 S m e BBRr g i B SoBiTon L0ld (caused
by hufn@f! ?lﬁﬁowﬁﬁgs KED@S infRicR A GRMRnz4 @s) &1151&@6}( REaBYAaS¥kter

in AIDS patients, I's caused by Kaposi

VlruS)smembafse(a@g@wxavw) thempe &vparasy {KSitv) pol[lcﬁﬂﬁﬂl]tls Bedmyges, PV),

rabieq i Y R S (oot Vi P PR ey herpes

(HSVelry ?aPﬁOIWottHé)iﬂrohudtioln'w vhOEn 08 trr&Bhmns fokRAiIARA! many of these
fpe ive approach to counter viral diseases has been

were fcqmmolaélelidhapd discasts wablwedes ang are stk asignififeatthieshta ealth in
some g&‘rje% 111 ccf{m?rlfésq %]1{1&? ﬁL &Ils%g] &% Enocldoﬁfn?or% s Sfibus %?Jea??'lﬁ‘ch as
'seases (e g., chickéenpox, neasles, ~ ~hunps, yeel ["ow

acquufee\ﬁ@m)uno@efﬁoﬁﬂhfcy ¥endrame I(AHBS)aj’aaseaN@l Hadahie Iminanedesiciency Virus
pr.essing need to develog vacci nes for many
(HIV)@W@PG aﬁuredlesmiaé@w&dmmﬁ ESARGECTUSThPHEARS carenaiing ayian flu

| iAN ki
(SN Yfibtog STHANAGER AP RARIGBARRO LI AR AER G hagie fover
(Marbuirg vises), danguafeiveh(Fravirensrssmtypene W fcsSNs;ly shemphilstesga flavivirus),
) bel o is available. This approach i.s WO . )
mfectm%%%%%% VTR RO D) ﬁ%ﬁBP? ﬁ@&tlﬁﬁpeYlﬁuwCV;
hepatkiQ BAHRIHBV)! £iR1 @B 6 (HQVIQfI’US?AV%ﬁEfﬂ t98M4&IF@Rcer can also be
attenuated virus vaccines for polionyelitis, the

caused byvonsesolFdy exanthlé, afthoeghzaost [utif@@lqns Amhuman wepitlamaipeus (HPV)

are begflgﬁle Elg’g/t lgacsl cﬁ’g%i\ﬁg%@fi Irtrqtiéeg 3%501%['68 el cg{‘/w?ag rggtéc%r ang ?(aposﬁé%arcoma
(KS), hﬁﬁrﬁ@ﬁ%&l&ﬁ&n APDR\Wafiie Sy cauBeS by Blafosit kabstasasbited
sense virus (e.g., Parvoviruses) a double stranded

herperas {KBHY)( e. g. Reovi ruses), a single stranded +
sense RNA vi rys (e.g. Picornaviruses, Togaviruses), a
[8050y| e Bstauandauses teridrusithis endeardNAc o machirerg of the host cell to

reprodish B SRAGHATD PG iR Rire BaPartdef The ANEltbive

approfRet to Q¥ifiteSESAl disehiscd hekobeh hStdcaimdsh 6BMBfBS at risk of infection in
transcribing virus (e.g. Hepadnaviruses). In certain

order froprovidairesisience i e anent & Ob$0m¢1@SiﬂS@%@r& chigkgenees gasles,
mum]ptsIr]felf’o'wr fé%latl) dﬁ:fPe% e ¥ACCH]%F gnP \Qvallg é lelX\l)vE\lfleé thellylL Q%Peégng need to

I nc
develop vaccines for many other viral dlseases The SAVE (Synthetic Attenuated Virus

Engineering) approach to making vaccines described herein is in principle applicable to all

viruses for which a reverse genetics system (see below) is available. This approach is
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H5N1 subtype of influenza A virus), severe acute
respiratory syndrone (SARS) coronavirus, Human

wo pavsnidesf i ci ency Virus (HV), Hepatitis B Vi rRGI/U5B0§/058952
Hepatltls C Virus (HCQV), |nfect|ous bronchitis virus,

Vi ru Mar bur g vi ru ver, Vi
exemlzel}fo Cif b focglé@&??\ﬁ%%&lﬁ Pliga 04 oV BE Eenbonteguatcd viru
VélCCl@%Ieﬁdhoﬁ@%ﬁtlé/ 'tﬁéjegorﬂrggﬁ/lold)/fﬁﬂdl iMydeyer virus, Ebola
(ebol aV|rus) chi ckenpox (varicell a-zoster V|rus)
r r
U7, S SASCATNEAE) by BB RO SN IR i o
bca dsEN@omsaisgch@dnedlrudee ripepeivinusss, Pervipesesdi amﬂlgx stvarrdad “plus”

V T 1), o n| ta e 0052
sense @%ﬁf%al?aémw FY & OBFIG Sﬁ ‘Eﬁt'ﬁy% V‘ér?lé.%ge %}Pﬁ%s) a
singleSBAHERCL sdrfe REQHVRE @D Plcbﬁlarvﬁ{l&rs TQaViri k), AN sra081
protel n encodi ng sequéences from whi ch new Sequences,

“minustiparise RAWYy vives (g é)rthoniyegmmes dthuhtediusey)ea sleglicwaranded + sense
Par ent es, and s are sual "wld type"

RN SBOSREp O R TR eBRGHFF HE oSSl e B ofug e Rfie

transc¥iBlrgdtus (¢. ngé!ﬂ'hldﬁzEMhised)S I estalie ot Bmitefpt @hBbdanEME 6f the present
highly attenuated virus. However, parent viruses also

inveniigfs [thaderumis pelicyirus HRY¥). thigayirys, mrﬂelaln@dwms indpding adan fu (c.g.

H5N lg%g‘lc){pg %? {enqﬁlgﬁ%a A(;r %Illlgg Q%fe' ascu%: re%q%%ltorg S¥ {)r%g '(S’ﬁgg% coronavirus,

Humahhﬁirmﬁfodeﬂic&ﬁ(ﬂyd&hﬁﬁ(HIUD FdpagtiuBtViews (HBY yelepatitlsahvaus{HCV),

) wildt ﬁlg or natural l'y occurring viruses that have

infectipup éfqne iS ViTHs PPiaBIieS, Matbyig vVAeS dlengublr et Urus Shisvivigs

serotyégﬁéwegﬁl;hl@@geﬁle $ful rEﬁJ'sféﬁﬁB%‘tvﬂﬂE ?EB"OB &Qll&@f@ve? 99’8@ Ebola

lons. [n one ment, such a pare
(cbolaveysle nln:lekempbf( évasictlilppostervartusly, aieaslsmdaqtamrmxoahout miifhps (a

am no r I n anat her .enbgdi ngnt
Paramaéi"élﬁts @a%ﬁa&saa Pan pylamaviFys, P‘?Sééls%iff‘émwssomated

herpemgtHerEQs SIS RELIGIV THEVEY, or géhlﬁé‘?her@&o&m Type 2).
nbodi nent, the parent sequence differs froma

e A

to refqrad vouli gonemty pred frof{cbbrmoding seé[LR\i(;M ftom windh wom saqaemopp,e;vhich

2 (Lansing), poliovirus ty Leon), nonoval ent oral .
may bﬁd‘lg‘?r&?? qﬁggﬁwﬁa@fiﬁée é%md TS gl%%es R4 YRguentes wsual?y wild
type’” Bt FitiurallP oé:&ﬁqtn%g) sﬂgg%@s Hpﬁsﬁtesbb Cartd Y Whith it fs oPMred to

14 WO 2008/ 121 52008/ 058952 AB havi ng t
obtaingemord lugblequt,temaeeds\etusf éiqvwvmn PSEQ ViDishO:IZ0 ingtude rnutants

speci g%l}@%%ﬁ%%él ﬁge¥ g&'ﬁg? gai)?ba% o%ﬁéﬁ%%g%gilso%r%eg\e/weg desirable

propefiiés ARZESAm3 BB Barthievingeenet atwardidat] R bieraffi Melude mutants of
genone in which portions of the genone, are

wild typmest nature by oGqurng Yituskethet krvs delcfipns, Aertpra amion acid

substifitd Eg&{ ﬂh@thk %Yil O (SIH & ?s%ﬁlgﬁh%%ﬁgﬁ 195 tlF YIO In one
TR TRLAR B R FRant O Bl T

I'n"vari ous e

embodilh&natstldﬂzupztreﬁi sl'e@mdm@’ dfffd:$s frsrnat ﬂhltl[falrhsdilbﬁeﬂ@\ﬂbbu&o z(riﬂlﬁ&()amds or
derived from HRVZ2, man. rhi novi rus 10 Huma
fewery ﬁl&ib@r@@bpé@neqm%aaremﬁeﬁww diferes fromp daigtyrgl; lfﬂiw rbus'lbout

20 amhfy ol TR B rlﬁ\ﬁr'ef Mﬁ)tﬁeﬁ emBHFRR Y, I?l‘lé&?a\fét{tlééq ace R from a

I novirus 16; Human rhi novirus Human r hi novi r us
natural oldteibpabauh il O @uminwscids ok; feddeman

[0053]  The attenuated PV may be derived from poliovirus type 1 (Mahoney;
“PV(M)”), poliovirus type 2 (Lansing), poliovirus type 3 (Leon), monovalent oral poliovirus

vaccine (OPV) virus, or trivalent OPV virus. In certain embodiments, the poliovirus is PV-
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rhinovirus 1B; Human rhinovirus 2; Human rhinovirus
20: Hurman rhinovirus 21; Human rhinovirus 22; Human

WO hiogovioous 23; Human rhi novi rus 24; Human r hi POVD$2988/058952
25; Human rhinovirus 28; Human rhi novirus 29; Huwan

rhi novi rus 30; Human r.hi nov DQM ]
AB haysng ‘&ﬁﬁﬁﬁomﬁusﬁ%‘%ﬂnf’%@ tgorth mﬁ%‘iﬁ?ﬁ% wi e Pg&f | BT,

PV-ABMIIOYI pyisa FB70-Haman A g Ri-HoV pRug p38Y: 29441%@*«@1132%%% UBhe
39:; Humman r hi novi'r us 40: Huran r hi novi rus 41: Human '
nomendiatnrsvicfleess 4BV(M @ammﬁwhaph pertulms Of—ﬁhtmnncrrm: ro/$ubgigtuted with

45: H n, L hi OV|rus A4 U |rus
nueledes SbPPTAB R St proS TS Dhe i loBRes BftRns hobYTRE that are
substibitéd. Human rhanV|rus 53; Human rhi novirus 54; Human

rhi novirus 55; Human rhi novirus 56; Human rhinovirus

[6054] HUMRRarfdiis RO HiASenBS thel AR & NIHRRMLY & PRmdAMBHdvirus
rhinovirus 60; Human rhinovirus 61; Human rhi novirus

(HRVG anmrfmm HR YD \HR V4,6 Bymanurheno virias Ao Viumes o viFumnHlW; Human

us 6 i Nnovj rus. 66; man h|n Vi
ehino s e AR VL B WPl QU o VR Hruman
rhino¥iRisN@Y HixHan flinoHRIEEIS; Hun@\hind$irds319; Hmem rhitloRRYd T ASHuman

_74; Human rhinovirus 75; Human rhinovirus 76; Human
rhinovipisrd iFrumanzirinopspsds Hwnaothinaysruy 80; Hymamrhingyime il i dyman
rhlnoxﬁﬁls%nﬁﬂn{aﬁl @918{!_\%32389111#3 qﬁﬂo@ﬂ?ﬁ%@“ IF{}flllr?anSrﬁl om Human

novirus I NOVI rus uman rhi novirus

rhinod8is 28t Aathah hhinoviruslld; BRmandhmovitiy 309 Huhs r8inokti®@®l Human
rhinovirus 90; Human rhi novirus. 94: Human rhi novirus
rhinoggis 325 Hipap KRSV Semagrainovirys Ho iy romovipnig: Human

rhmoxéﬂé%s@%}j%l%ﬁﬁn%ﬁmoﬁﬂﬁ% 'Ffé‘x'n{bﬂ‘fhﬁl%mkhl : THIER r’ﬁgio()ﬁ% 4 H¥uman

novi rus 27; Human ;
rhinovifﬁsrﬂéyHlunmn8lil®dwﬁlsn44aHﬂlni‘dﬂ\thﬁ@ﬁl;rusl-{tﬁ“fﬁumanhhnmwmy% 3hman

i novj.rus. 37;+ Human, r hi hovj 6253. Finl a
thino G5 o BT B0 A9 HUATIE O DBET G hireuB T Hapman
rhlnoxﬁhis "SQV HuHan #hinbUHPRS 4" MuRRYirhigvithes Sﬁm‘ﬁm hioVRYd $é)$uman
8; Human rhi novi rus 9864 Finland Sép1996; Human

rhlnowmsrﬁdvﬂumwhlnwmmﬂ% Humovhmosirg2d9; Hmean rhinomovs ¢Q dHuman
r hi OV|rus 7425 Finl and >1995:
rhino iy P RS e R sl g BE H R hO Ry 6 fuman
rhinoViki¥®3; Hlnhfaﬁ\fmhusln?s% BRA rhinbl ReV6 T, BRinlad; rhidekRis 68; Human
r hi novi r us 79: Human rhi novirus 83; Human r hi novi r us

rhinoggs 7Hb1vm@nrgmmmblsﬂma@g@mwu@z dbenpgsdg®yirus 74; Human

rhmox{l]m ché‘m %ﬁ’%lZVlﬁbsn}@ @@%Qﬁ%ﬁglmm%ﬁ%l rﬁfs; Z]% q{urnan

|nOV|rus I novi rus
rhinO\SﬁjSZB9 %malnluhmbvmhu S0 \Hunus rfARiovidugr@&n Huihaohinoydu®82; Human
Human _rhinovirus 97; Hunman rh|nOV|rus 99: Ant wer
rhinoyigysigy Humen genggrus i frbimanithiggy irgss% sim hmowr%@zﬂuman

rhmoxh{Hﬁ% HﬂhﬁﬁthﬁH@ﬂ%@gﬁuﬁiaﬂ‘?ﬁmm %O@ﬁnna!ﬁ'%%wrus 96 Human

hi novi rus NY-003: Haman rhi novi rus NY-028: Human
rhmo‘nfusr%yHluu&n mmnowms 1M Masmanhrhmovirusuk/; Hﬁ{l@@&hmldum% Human

. r.hinavirus 060; n i novir -063; H
thinoYiflisrigy Hln RYPgEs Jaiaren oty S Kag s P sppman
rhlnoxflﬂisrB‘SVHhHﬁn?ﬁlﬁ@blmswlkﬁun{dﬂtrﬂﬁgamﬁmg FimlbAP8¢41994; Human

8162; Human enterovirus sp. ex Anmbl yomma

rhlnoy;mgrﬂlé@ findand-Rapd A9 ¥ Hiluvpan nhug)vg'ps 4 gdunagggnnovirus 42; Human

rhinovirus 48; Human rhinovirus 9864 Finland Sep1996; Human rhinovirus 5; Human
rhinovirus 52; Human rhinovirus 6; Human rhinovirus 7425 Finland Dec1995; Human
rhinovirus 69; Human rhinovirus 5928 Finland May1995; Human rhinovirus 70; Human

rhinovirus 72; Human rhinovirus 79; Human rhinovirus 83; Human rhinovirus 84; Human
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rhinovirus UC. [0055] In other enbodinents, the
attenuated influenza virus is derived frominfluenza

W@ 2008821892 i nfl uenza virus B, or influenza vir uBCTZUSI008/058952
further enbodi ments, the influenza vi rus A belongs to

rhlnoxatljl_t% @?7 Eiféﬁﬁf X]P&@%gt Iglu%lilgtr\%goe\f_gé %%WH ]intp_}lj_}ll " Human

rhmoMﬂstsl ey} Sdpt 308 il Vhindvi i No2; Mﬂ&hlﬂ&w@ 93; Human
HI2N2, HL2N4, HI2N5, H12NG,” HI2NS, H12N9

rhlnomm &z’ Hun@NBhinoHIBNS; AHLSND rhineviNG, 98:0% KBImaHIBNDyirus 263

NI L N I L T
rhino NN - dﬂgl\ﬁumbﬁ MlinoHINN Y 193 [NSHHIH&MIII(H?IN@ NY‘[@K@ Hna NS,

H3N9, HAN1, HAN2, H4N3, HAN4, HANS5, HANG, HAN7, HANB,
rhinovigyed\ Y 106 R Humamphingsng N Ye9Ra; Humpshipsnms NYA9RE, Hpsno,

rino IR 8D o R R e ol PR, TR o

8162;HAMan driBdbyirkHNlex Mati2yomr bidicritihidh, Hdidn, rhiddMous 419 bir Human
. HON8, HON9 and unidentified subtypes. [0056] In
rhinoyigpst¥fer enbodi ments, the influenza virus B belongs to
but is not limted to subtype Influenza B virus

[QESAAi chn pthgbrromhiments. ihe aiéenzatcs inflyanga ViR dary sl @) influenza
) g/ 217/ )
virus 1\5? Irnlﬁlsldg%av&s Pg ﬁ%%%eﬁlﬁﬁl ?f ulénfﬁg% e'\gxll‘t!rogisrll&ﬁg 4Re ﬁﬂuenza virus
A bel§risAb abeisabliRREb6, subtypt BHOXE, BININIYEI10N2, HION3, HION4, HI0NS,

B/ Al abanma/ 2/ 2005), Influenza B virus

HION BHAP%%)‘B&& 9, HIANL EALNZ 11 N3 4111N4, HIING, HIINS,
HllN?%ﬁbrgzifg :zlfgl%(gg& %12&3@%@6 giyil}gs&dgﬂzm HI3N2, HI3N3,
H13N6E§HABN9J<HI%5 201@13\)@’ HIGNRUHh S8 B11ANYSI16N3, HINT, HIN2, HIN3,

HINS BN Elﬁﬁfﬁ%ﬁg@ﬁ@?ﬁ b Qb S0 RN IS, Hane, HaNT, N,

HzN%ﬁwlaH‘SN/zﬁH@&@@iaNh NENSNZANG AN H{NY AN, HAND, HAN3,
or/1/1986), 1nfluenza B virus (B/Ann’  Arbor/1994),

H4N4, HfNGe HANGBHYNT UHANB/ AN RSN B/HBE, 2004, HAME, IHpdY iz 5l5B77,

sy HoD, R ARGy B33, O MR JHBE HOR oD, r

H7N2( B7ARI, BEoNa/ ﬂﬁ&@oﬁ)’N7lmN&e{mm9 BigNZ, lHS8N4 HS8NS5, HON1, HON2,
B/Ari zona/ 12/ 2003 Influenza B viru

(
HON3( HON4, g/ HINSODIN/. HINND. o2 2l vmfi@}ﬁlﬁed subtypes.
(B/ Ari zona/ 135/ 2005) I nfluenza B virus 16 WO
60568/ 121 88the PETHABRE0S/ 5 BFBRNzA BivdrB bolnagslia/bR0B It limited to

S NI

virus 'ﬁ[th/QWI@() DA GIRRARZ B virdk (BI&KZ@/SB 0011 §,Usfluenza B virus
B/ Ari zona/ 148/ 2005), Influenza B virus
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vari ous enbodi nents, the attenuated virus belongs to
[0070] Ad & oatiouls dadodinents tHeauichyataddnal Uelongh & 8@ (@divRirddac virus
. strains %{pes and i sol ates for exanple but not
family pid 3lbielates cqngrrapraitre foies padisalate. ¢ [0059] In various

enbodi ments, the attenuated virus belongs to the ,
(0@ besn edrtpapembedipents athi Synoahoss Fodoalsabsdutgans atter codon bias,
St al. e . 1.S t e I 0
codorf YIS 0T AR, SGLALER, ARG Bl By B secondr

struct@RPOPG rimicseotitid CorabriteOuatcadtemt, trafs ednofgteshift §ikg, translation
Reoviridae virus fam |y and all rel ated genera, o
pauscgitesy fdfi:sp,re&e}lﬁ%%r ADRENR JFFERANA repgeniioD sercn e @y any combination

thereo@,ciy tﬁ@&&%ﬁ{eo $22%don substitutions may be engineered in multiple locations
distributed throughout the genome, or in the multiple locations restricted to a portion of the

genome. In further embodiments, the portion of the genome is the capsid coding region.
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[0061] In various enbodi nents, the attenuated virus
bel ongs to the Papillomaviridae virus famly and all
WO 2l0atiz9yenera, strains, types and isol ates. PODE23008/058952
vari ous enbodi nents, the attenuated virus belongs to
.and all related.

Po V|r|da Vi.ruys
By o S PGOBET: T 7y TeG the ebility to

induc& H‘?Rﬁédm@tlﬁmuhg BospbhsR @ﬁ Qﬁnié'l ﬁé‘sst ﬁ%tﬁ@ﬁﬁfefeﬁreﬁ R&ibodiments, the
Retroviridae virus famly and all related genera,

virulegeq @i the yires/gss nahigvers ési wtlésypel:or exanpl e but not
limted to Human | mmunodi fcency Virus. [0064] In
(683 ouPoliovieus, rhimosirus,andanflaenwt vidusvi r us bel ongs to
the Filoviridae virus famly and all related genera,
(60741 NPolibyiABSa aRELbeSOL tAt PicorlBaSTantily, Ved érﬁ)alEnon enveloped
enbodi nents, the attenuated virus_bel ongs to the

virus with ajnedsstrnded(Hwerss K ¥ Amengmeaat7 alkp in ngtheldCigenes et al
198 I)Z;{@g'}%ﬂ eht\ff’ qﬁ% g&g)ﬂlg ;}Rﬁ geg'v%sll a%%ﬁ‘i%mlhﬁ éﬁ%{)&lﬁg 3 smgle polyprotein

ment s, rus ongs t
that afBrtdhaasgaxdo wif autdeaialytld: clgsvdgariénts givds asd torfell abmﬂleg&n&ash

functigi)gul AT, bt SHUAEE I KOGt BRFOIS EBDRelor the synthesi
of (-) RSO RNAY iahiif@BnedfAry, YSr tﬁl@g}ﬂtﬂesm Iﬁ'vd (I+') ShHRB AR Rerve as

strains, types and’isol ates. n vari ous
mRNAnﬂ@pkicamsntt@npltm@r aerangdied dastmsré fb@fttmmg%dattlontuhte progeny virions

e 00T Pas Ao LB e B B3 T wca o

addre@rgéﬂgﬂaﬂﬁﬁktsﬁmnst dT@pahli ARs ateeh MiatdiScslTBl B PPoduRtidM6S attenuated
Nidovirales virus famly and all rel ated genera,

syntheficraruses. RY/ pryides @ng ebihgtieast lr{lmw@} andbastymdsissood molecular
mode q?ro CV anttlthraff‘gttraletgégg eI% p\é{rt%)l[ﬁ T e}egigrgg é%letlgp gystern exists

CIVI ae VI rus

wherebly rVaiahﬁlCIle/ peg camnble s;sﬂheatze& in ﬁz%b@z]cohfpld:ﬁpts@hthenc methods and
enbodl ments, the s nonym)us codon substitutions alter

then copwste bntaénfGCWdﬁﬂw (Feahednsy). daidPEnyoTeia eREypRIPR Rt model
is avafi Q9 D%‘ﬂg %%@3\} viich ré%g R p%ﬁ&%? g t¥st1ng

str u ture, ot cont ent ent,
attenutiamef gmihenc PiVadmgink fig p&wtoesly desaibet &a€Celbmet a;haﬁ@ﬁ%)
sites, the presence or absence m croRNA recognition

[(ﬁE?GqJenRﬁ&m@[ruéﬁ@)&r@ﬂﬁ@hﬁﬁﬂobﬂl’bftﬁd’ﬁb@tﬁﬁvnﬂsﬁaﬁﬁl@ zgﬁmmlated to
The codon substitutions may be engineered in nultip

PV. Hypa Rbinevirgses (HR M) pesdhe Hmh%léﬁﬁvet%mgé‘ﬁwm@m iC‘hld Cand as
such thgfatgl&stp'oﬁélﬁl 6 1:?] RAbted soggss('ifr ﬂlﬁésg atnodn PR 0 10(&% aé&l‘?
genone. | urther e

I nents, rot Ion O
(Hendiendf29)i 9n tthditicapsthd comdiongolde @:'IRV] is a’ﬁ@) MO 128DBY b2 A8O&nus

PCT/ U 2008/ 058952 07 referr di ments of
infectiops s RALSEf BT ST A A ﬁﬁc\?wm%ses a single-
strand'eﬂ 9Hﬁﬁv@sdﬁﬁ@m VYR, WIBWRnbERRABGR: s l R Rprétai i ?&?%Btem

I'n ot her preferred émbodi nents, the virulence o
The RNA irstratslegedribtougk e friternal 1mtiadom yeehani@dudhg Polntewil Ridpsome
Entry rSli]tle Tﬁ{\%g)%g pro ﬁge Istlrrllfcl‘ayrgl protems "that form the capsid, as well as non-structural
proteins such as the two viral proteases, 2A and 3C, and the RNA-dependent polymerase
(Jang et al., 1989; Pelletier et al., 1988). Also like PV, HRV has a non-enveloped icosahedral
capsid, formed by 60 copies of the four capsid proteins VP1-4 (Savolainen et al., 2003). The
replication cycle of HRV is also identical to that of poliovirus. The close similarity to PV,

combined with the significant, almost ubiquitous impact on human health, makes HRV an
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[0074] Poliovirus, a nenber of the Picornavirus

famly, is a small non-enveloped virus with a single
warmanzive (+) sense RNA genone of 7.5 kb in | ePQi/bS2008/058952

(Kitanura et al. 1981). Upon cell entry, the genomc

RNA serves as encodi si ngl tein
eXtrefP#Q@“%i‘FP‘éerc E@?c’gRgeWat%tadPg(FgﬁtﬁﬁP}l% %V@’%‘%@Sé% nts
immuliMEs,.rise to full conplenment of functional

poliovirus proteins. The same genom c RNA serves as a

a
o AP AR RSt Re et T S Rhcppfu ane
againgiHRé hasbafemeieadoped?lﬂlhls septtlycate tothd retu;ulvaltydow misgeviomnce of

RNA destined fo S|dt|on|nto ons
federgl ORRI i 9B Ch P BB L AR e MR HOParR (HECURgY That i,

even BoABIL 3f18ds B¥ ﬁM@éeﬁmbYéasf 1438 thOabsaeldrs %%r@? 'ﬁ?érr@ks a clear
questions of optim zing design strategies for the

desufepfpod saft odcidéctiat netrubinedrussipatinet Howeverudesloping an anti-
rhino %\(@g(ﬁi? %%%gg%le@ c?ﬁgﬁDSt | cga]r %]egtrllltgﬁ?q?g 08 ‘;l‘i)O l“slgr% ypes OP HRV of
whichSdppedx@@h@ B 30 dlrdaditd Wﬁd&l}aﬁnd AfIEN@hSR r8@NATY.CAn SWEEBR vaccine
exi sts whereby viral nucleic acid can be synthesized
must ¢ngblg the sNBYNE BFINE todlcgoENAet dYEDY Bngle stiplpe anerdet teegnfer true
1rnrnuﬁ1 . ﬁﬁé §gV'Enat %rda@fl %‘é&c!n%&? héltjelrn o%‘?s eg Ef&%tl?ﬁ lsgl\ﬁQwrf qbtlhe
er nor €, conveéeni en i's avall abl é
develdoh¥ b of gn afifective \t\ﬂnnchnamb@ﬁs mad lounenpregicepilay of e SAVE
polio) for testing attenuation of synthetlc PV
desigypreisit HOulsk Ra/inexRenyive kxssi e d srahvzeet 0001 morg §gdiE-

atenup 3o AL RO LSS A AloB TETBGLS B Uiincy |

PI cor navi r us Y, nd are re ate
(FRHTOY LR, (ERVBaNE T%o“%%'%&%ﬁﬁ&énzé{ §r98 . b
e’ conmbn Co such they are responsi ]lle for
approRidiagelepb $0d GSatbi each |yBﬁSﬁi thd IS AngT h@hﬁb@din d:tnaﬁ £20039uTogether with

agent Hendl| 1999). In addition to the comon
approg@pa@ely 0pQ h@qpététhaﬁb@gq; viemnsceet thg A4S sgeapemy has been estimated
t
to exc'g@é 3%1%% aﬁ@ﬁl%hﬁ e%“F%ll ?‘g@a (gflaﬂal% '}B@@%g%g@,g@& to 500,000
peoplpdwmi dachlyeeas dns® ﬁﬂﬁenzamu&s infbasas gTémanetelhcb(ME’S Although the
sel f - processi r ot ei The RNA i s transl at
virus f%s%ifgﬂeaé‘?]arpﬂ?%?: E]gﬁg$ﬁPPP%g}e6ﬁteﬁﬁﬁf%Wu§ Y08 ‘ﬁ’&o%are highest in
childrbRh&S %@LOI’BIOQ@IS@ Peardotdp¥. BiftiRnld BEe pReRiD @Blfh%tate or recombine
structural proteins that formthe capsid, as well as
into eximemey daadly lﬁafms prieppéned dutoh thzpsgredten flwamzy ﬁp1d¢:rmc of 1918, in
.ot e nd t e dent  pol ynerase
whictC i EREER oS Dol BT I R Gydsdp 1h BR G B R
epidem¥s mkﬁla}.{lahalsst@ynon envel oped i cosahedr al capS| d,
formed by 60 copies of the four capsid proteins VP1-4
[6078Y 0! #MRAZELir@kes are%ﬁ)@a%d 1nT(h§1reer t?ﬁés' A8 H0 @y&hﬁge‘ﬁfcny is
HRV is also identical to that of poliovirus. The ¢l osé
deterrginail bptwo glycopigins o dretsunfade off thi etl‘héowdgmdn @amtagglutmm (HA)

al nost , ubi t act .on man he
and nds g 0841 85 Ptk s angsly s ahE ettt
escap@hiimhé@l ini@ugia dA Hadgy theklyeemetadd MBvwa vV Straiad foefduahed
virus useful for inmunizatio Qﬂdl 0076] Despite decades

infectyfz viegginated mdpyidyharvhaeteis therghs saceiBatncf degi-tisk
glroupglr ng%dd?t?aﬁll g F#ﬁ\ﬁve y 1%%95 9«1% gélg tﬂg rI]{z ors’yA 1990 %t&ns with

those of birds and pigs, a reassortment of gene segrnents, known as genetic shift, leading to
new viruses (HIN1 to H2N2 or H3N2, etc.) (Steinhauer and Skehel, 2002). These novel

viruses, to which the global population is immunologically naive, are the cause of pandemics
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federal regulators and the public for drugs that treat

a nostly non-serious infection. That is, even m nor
waee@s/1zfdPrct s are unacceptabl e. Thus, in the aPGEOISW0%/658952

a drug, there is a clear desire for a safe and

tar ks s b P e D5ag BRERIGS 2nod dig bRy of

mﬂueﬁ,@wwsetotg%aewﬁﬁ EheQdBrendPBead sf ﬂab YRSy PithéRMic ffian L&A
approxi mately 30 circulate w dely and i nfect humans

virus, ﬂnﬁ@{ﬂl @t¢phenstm apfl emdovadisy 2006) nmderyoes daalob@lar pecventing
influch Scfysten1to recogni ze every single serotype in
118% Pl nfer true i munity. The SAVE approach

@g@i gﬁg' re|n offers a practi.cal lution to th |

[ U QN BHPER Yo ICH RicriB U da G atEnHeSd g (cold

adaptéH1 “FR&1RF M C4ARA dva¥edRfiryk D ?h§@bﬁlcaﬁl@t§bgﬂﬂe BiQR@&RY vabdine is

uld be i nexpensive to design and synthesize 100 or
restrlcmﬂrfe heAlE- chaldream adelestenthiandedulsd excluding pregnant females), ages 5 -
onbi na ul d const.i e acc

0. TR SRUI i e iRy H8ed i BB i afipguenza

Furththiod$ @ic SRUSAE] FRIMISOXHIYEHaS ke pdRsiBliey 8erbasioaawhicl @lisual for a
in the U S. A (Thonmpson et al., 2003). Together with

live vipprigeilwiios|of EoTcenh ness prrompnkyadmomsteradieadtivpisd infBignza

virus %)Jkl% e 6§C0a n]%lgg ngﬂ%gtggngfglnmﬁf Bﬁﬂ%%sgg be tle%'s gé%ﬁ%% :d%a%%loped for in

preveﬁtﬁtglmm idakk 861y 0> 609cHA) epafltien (Slﬁloﬁ&ﬁhetyle a200dy.e These
to influenza virus infections (Kanps_et al,, 2006).
facts yderpgigrihe pred 5 parel strieades tgigseaals %ﬂ‘tﬁﬁ‘é%lﬂaﬁl Yacgijes-
roups, the rates of serious conplications are highest
[9080] ¢ hiReyexse gemetios of pinesnaxieysess years of age.
I nfluenza has the potential to nutate or reconbi ne
(0081 eXervenepsnctenghingrdlyrasrs esxbappenddppwacimg to Hscovering

the Sl of g s P e B THeo hRa s tesieslih (7 hh s g ieriAgg goncti
appro8@R6l by claay BdHetic£ PTIH 1§, hifdaHEHFRAL r%}eﬁ%@dsﬁppfo@@ﬂé]seek to
I nfl uenza viruses are divided into three types B

deterrglng thg, quﬁMDQQ;fm gone Py icicidgéing thei gq:ggtlcblg,asts\mf a phenotyf)lc trait,
strate ey 8&15% 8%? Veis'se%_ﬂétlcg b%%qlfv%ﬁleanolfsolg 4 §e %}&f speg%tqv ﬁ'%lrséo%gr its

nagg neurant ni

functllh $e @rNe@ﬂig%altlﬁg tlmmsslbwqihﬁhytypdrsagegeratdaaiyrex@msmgﬁ Bf thictvyt or
cape |mmoral immunity, Altering the

mutat@fi 9%"(% r%ﬂtl@?% &eram iBRe ¢anierd ogw%smte% EDieEeragactics” systems
refer ﬂ{)gfl@g\talﬂg 1%5&91&(?% lﬂ&g?wﬁﬂg%ﬂr‘%}lg %hg;?})a{tjlgrslto? I@%{tleg%ﬁ&%es made

ear § vacci nation o
of RNad dlBtleﬁJ)r; thewirs genarhdsuenzalawid fose sirgas or éphainéectddeccHif
t hose of birds and.

th
COHV@?%%?@BM‘E&@% 3égﬁ%ew%mﬁ?%ersqémﬁlpégsegwé@&:‘%gmfﬁé as
desne'dezﬁﬁi' 120erte, uf8W Via"tHe RNA HldhcHRdHBNA 1afo 1'1'1@8%0%9&1{3&1 barticles.

St ei nhauer and” Skehel, 2002). Thése novel viruses,
This mmmlmmmevlgisgﬁmaIexp@fpclllyatmpin, iindadtnting tﬁm‘ttmgvemﬁl ge;aetlcs system

t 0ps8/ 12 .
devel e s BT S8 Vit Res BT TR feiniEe Wi Bl TR, iral
reverse lch&d sPgem 2 M Basddussial histttaMBhbhethat #8R8 Nirallf®omic RNA is

history of influenza virus, together with the current
infectio aden srntfprichinghp suipsdtcsganmabamed b lprmdereai2h, 1958). The
.ephe nd rati ; - -
dlscoverti%I gf %g%%%éaé%é%%&ee %’?’(ftgg %B\Feé&gngnﬁ th{o%cu?ag Ql%}ling techniques in the
1970’s enabled scientists to generate and manipulate cDNA copies of RNA viral genomes.
Most commonly, the entire cDNA copy of the genome is cloned immediately downstream of

a phage T7 RNA polymerase promoter that allows the in vitro synthesis of genome RNA,
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i nfluenza virus disease. [0079] Currently, two
i nfl uenza vaccines are in use: a live, attenuated
woawsiizel col d adapted; "FluMst") and an i naRC1/us10e8/058952
virus. The appl ication of the attenuated vaccine is
. trlcte heal t hy chil dren, adolescen and a
which i B G GI5R 4R P> DG HEIcBAIoR g BUS /a0 b et Feala g gk0)
Alterﬂaﬁs&ryl fhb Qe b@@qﬁﬁsﬁm mRY 86 baRRYctd AR @x Fe&sif the T7 RNA
hi ghést risks of influenza. Furthernore, the
polymerase my theepitoplasi. skhiy$ystesn prasbet used rﬁtusgrlbus virat pathogens including
which is usual for a live virus.
bO“”ﬁfg%Lg?Sgn of the second, nore comonly adn1n|stered
t.ed |nflg@nza Vi rus vacci ne,_| npl.ex.

[ loleghlar yizgloghand spugseeenstichof i e'é?af%‘E‘H ve

t han hoped for.in _preventing death in the elderly (> )
({83} e afnilicara pispu ke thepiqosnardiysesnt ¥tangdHRV oig @15)RN1¥NE§S@ but is
otherW/RE hﬁrel’ﬁ@&ﬁ% %ﬁ&’ fitd Hﬁfepe%? TlrofIPlBV.n Ay &l t%gtr tgttﬁ% @oc‘rngé;’iruses
generate I nf Uénza virus vacci nes. It verse
influegenistairtimuobtrgidodunafurthsesrd, ﬁlﬁBﬂ:}lzd?mnetstse)f g@hebdpasmte gene
nerally re S 1o experi| al  a oac t
Segm%ut%@ag@g?ﬁ?&l g?e({ﬂ@ %&ﬁ@tlglaﬂﬂﬁ U fht 5@5 B sttty bgause of
the minll§ s@RRIbARzAioh S&id Rt} Qectaﬁ% ﬁh&ﬁkhﬁ@pi@feﬁﬁg segments, the
genetic approaches of classical geRetics
reverSMg@nﬁms syssemay nilogaecrwtpl@sthap fﬁvrcPéé hisvatheless, @ remmegermﬁtrn@
unct i qn of . a. gene C|dat| :
systery E%% ke erdeéie BRTHST | “SH%ar nag{“r %hagg éeg@ Bgi lrr 1999; Garcia-
Sastrd @MeakBc 0898 { HEFMRAR Gt 41, WOOH Iﬁﬂrtjb§é7t| Al eokay mgnﬁﬁl@' c68€K999).
to discover its function by investigating the
Each gfothe cighbeplssaongie & germssast feem igycpatpe dbasimah Blhis geusrsgrgenctics
systeng 18 eﬁ%hl% Ssggonglgﬁ} Sﬁt fAis u S‘ﬁleeﬁztggggétﬂa{%gé t'agsr%@%&r g%%lrn’ E)%cause the

longeithﬁdlﬁi\daaﬂ peeils Isd:gnyen@ts lb@qhzm 3B santhiads qa @y 8 dyngebiet ked manipulate.
pul ati on of viral genones nmade of RNA. Briefly

Fuﬂh%fh@@xﬂﬂﬁf%rpntgg@ﬁ% ﬁ%éneéli%cap?slcafr@aleﬁ@aﬁﬁﬂomb@r@ S&pplb/rbdrﬁnxmg
dlfferétﬁ é)?a%fn?@s Cﬁiuls 1iEQINSIF tad, i ool glrbe Ey J\%n ‘Jn)?e feasible for
e reverse Lranscri pt ase, possi ified as

hﬁhwdmswnsdhmaﬁdPN@verted usually Vi a the RNA
i nternedi ate, back into infectious viral particles.
[0U843 PRORESS paradipng shiftay virdSegerbsgaticedtelited with g prbga:nt
fact, the first reverse %.netlcs system_devel oped fo
invenigry fisrichaimicRA\A e OT AR INTEGOUPYITLRERNDRICEN sl Trom synthetic

DNA §ﬁé5ﬂéf3%[? ](%%i'l% ot f rzﬁi)z)f :r gsea{c?l Vgﬁlgﬁttﬂlﬁ& dr? XL%&&F& 6% or all

Istori’ca hat na vira
virusegéoronhich BNfvers genefi@cystomss mllabwcam bt epithabidedtsolely from their

sui t abl e mmal.i an cel | Al exand 1958)
genor@%%wew@qm}a&%ra@é PEQTy %%:W}pgsffcgg %Qe%lh@%wsrsaﬁ%ﬁﬂ%mg and

modif9ingMRELCHSES 16 Rt AGikgehitigues in the 1970's enabl ed
SC|ent|sts to generate and mani pul ate cDNA copi es of

copg/w h rhog:s'ggno%sm oW?{:log;eggm Iy, the entire cDNA

me 1s c nmedi at el y downstr eam of

a t hat al |
RS P R P 3ol She BB P e
de noWTH@Q@;QSK&&%S@EnOﬂMU 6}b: Iﬂlftehe)@ the ansielofditémiaeed PV
cells for generation of virus (van der Wert, et al.

descripodgrein, ppqode feactly dhesemeruotsiyres DA trpe(si rusay beEby using
altern&ﬁ@e%ﬁg&&&{ls cr&igns(,: %Ijlostls %ﬁ&%?&k,qgclﬁmﬁg Igdd%'\g\as, codon pair bias,

RNA secondary structure, and/or dinucleotide content, are altered. The presented data show

that these coding-independent changes produce highly attenuated viruses, often due to poor
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pol ynerase in the cytoplasm This system can be used

for various viral pathogens including both PV and
WORS/120082] Mol ecul ar virol ogy and reverse gePEl/US208/658952

i nfluenza virus [0083] Influenza virus, |like the

i cornavirus s, PV.and HRV, is an RNA vijrus, but
translgfqpf rteingn P tyeeling 4 %lﬂae%ﬁytfﬁnﬁmog@ ﬁfﬂlﬁ?somwy prgfein

transI SR b e—e«aty deBetahBictiod qaap@yénrdé%aéFed foR bldeRARy I safcdy, ra[hf&m and
stran virus. Furthernore i nfluenza conS|sts Of
cheaplepradutieg atamsated sgrenst whichayi wigful formedng V@CE@MTmS rnethod

dubbfp A ESRrEE ARsRSed Uit BRAR el dnicREE RIR i variety of

viruscs Rerce HPRP V6 RR AVIAEILthGRITS a SRAMRDASd fhhfew KRS € These viruses
1q%:netlcs systemis nore conplex than for PV.
inclu

b\érarmmtég@tedato reipayisus, jélyengzacdrussSARE pnk athepepnaviruses,

V. RS ARG R Bror B 5 bl ORI s Hngnd Mfpgrus. West

Nile dr!@ﬁiemamseEBﬁ’L yelloRO R er Yibist j:lﬁSl‘O@iI’uﬂ:IS othet 888 poNevin®n suchtas
al ., 1999) Each of the elg gene segnments i s
echovg%ﬁﬁSegog%cm BSES- SBR AP ER WS w%m% vEuy, @pthggiruses, such as

foot- agﬁ Ii&‘?c%itl‘r‘ RiscHbShk) %&%ﬁ%n%}loﬁ a§ Akl @ﬂ?usfeéa KoWiruses, such

AVE Strategy escri ereiln, ecause t
as rnehxiesg\aﬁls mnohpy vitug Iresgpﬁawryssggwyma virss, flegisirtsea lsucﬂl dshengunavirus,

as nth e and at e. ther, th
yellowyFNEEFERY Shd T eagRHrCs S B8 bk A EEoRbSHEH
Weste?h—rﬁ?ﬂd)ﬁﬁbérr%ﬁ%'eﬁﬂahtﬁ WidigRpatitRI Bemidand PHHRe diarrhea virus, and
application of SAVE nethods are possibly even nore

cbolafissi bl e for influenza virus than for PV. [0084] A
recent paradigmshift in viral reverse genetics
[@OSGYr r B«bth/\kddbntahé c@dc&]sp}mt deoptimnézation s thiPA& tapstlevidingl region are

nt hesi.s S Vi fLus genone b asse
shows B NGy HrticRy TsRCoPY dHResed BT PASY pshlier Bironmited to any
partlcgﬁp%)olecﬁﬁk ﬁle@l‘z‘a{h'lé?ﬂ gRERNMy inPARus atteflfBh Vid\RbstRBén OF syﬁbﬁyrnous

viruses for which a reverse genetlcs systen1|s
codongy Melvameéese,aapriemsl}ts\ tmsmg.@m@ tg briedrynflerstand Hwi ynderlying

moleciip A RE SR ar SoRah Aif PRy Pt 4-BP Ly b AT Fiftagcipgyetionuated
virusedD o amagalt Beigenaeis E@@&ieu@n mReipiestidredaChilicks that codon
[ 0085] novo synthesis of viral genones [0086]

deept@@ﬁﬁmneandwaé@upem grnpiipHeasion can tpsuly 1 welficdeng frapsldfion. High
T
throu%%ﬁﬁ%&%ﬁfoﬁ? fof 'tﬁei (%111:1&? %&%Fa%&oHQSd Q&\é 1n gﬁ%fge BM%?S 4&31%,3V

, exe e synt enua
cmmﬂdﬁ@@hiMﬁﬂb&ﬁgé@ﬂmnﬁﬂcode exact |y the sanme proteins as
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clone sregefinee-apiily, ardddivgr a fngesdgeahef synthetic DNA of known sequence for

the relatively low price of about $1.50 per base. Thus, purchase of synthesized viral genomes
from commercial suppliers is a convenient and cost-effective option, and prices continue to
decrease rapidly. Furthermore, new methods of synthesizing and assembling very large DNA

molecules at extremely low costs are emerging (Tian et al., 2004). The Church lab has
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cheaply produci ng attenuated viruses, which are useful
for maki ng vaccines. This nethod, dubbed "SAVE"
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applicable to a w de variety of viruses other than PV
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for instance,

“frequent” codons. As used herein, a “rare” codon is one of at least two synonymous codons
encoding a particular amino acid that is present in an mRNA at a significantly lower

frequency than the most frequently used codon for that amino acid. Thus, the rare codon may
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Val GTG 1091853.00 28.22 0.46
Val GTA 273515.00 7.07 0.12
Val GTT 426252.00 11.02 0.18
Val GTC 562086.00 14.53 0.24
Ala GCG 286975.00 7.42 0.11
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Ser TCC 684663.00 17.70 0.22
Arg CGG 443753.00 11.47 0.20
Arg CGA 239573.00 6.19 0.11
Arg CGT 176691.00 4.57 0.08
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[0096]

“codon bias.”

The propensity for highly expressed genes to use frequent codons is called

A gene for a ribosomal protein might use only the 20 to 25 most frequent of
the 61 codons, and have a high codon bias (a codon bias close to 1), while a poorly expressed
gene might use all 61 codons, and have little or no codon bias (a codon bias close to 0). It is
thought that the frequently used codons are codons where larger amounts of the cognate
tRNA are expressed, and that use of these codons allows translation to proceed more rapidly,

or more accurately, or both. The PV capsid protein is very actively translated, and has a high

codon bias.
[0097] Codon pair bias
[0098] A distinct feature of coding sequences is their codon pair bias. This may be

illustrated by considering the amino acid pair Ala-Glu, which can be encoded by 8 different
codon pairs. If no factors other than the frequency of each individual codon (as shown in
Table 2) are responsible for the frequency of the codon pair, the expected frequency of each
of the 8 encodings can be calculated by multiplying the frequencies of the two relevant
codons. For example, by this calculation the codon pair GCA-GAA would be expected to
occur at a frequency of 0.097 out of all Ala-Glu coding pairs (0.23 x 0.42; based on the
frequencies in Table 2). In order to relate the expected (hypothetical) frequency of each
codon pair to the actually observed frequency in the human genome the Consensus CDS
(CCDS) database of consistently annotated human coding regions, containing a total of

14,795 human genes, was used. This set of genes is the most comprehensive representation
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expresse use o
result twitntbe abseml:dtfoeqpemnye(ﬁdthmnerer(é@DI Idyta se rwitinwbich the amino acid
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this se{cgg@ 1o FERNIP& dn Hipdsted %@@ncf‘og@sﬂ%q%mﬁeﬁ@@ H€9Pin the first

cod |ng sequences is their codon pair bi as. hi s may be
calculatld)ruls&m&th@d(a@ysac@ﬁ@pﬁe F m@ytthe agtrrlrrodent pair fraquencws as observed
can b
in a s £ pltS Hef R ApRARHCT B R urlinth b Bl MhgpoBP tehoprronces
of cachndtiy piain thes@nnd Ak Wbyl the ndidbéreof)l sgfhiéhymous coding pairs in
esponsi ble for the frequency of the codon pair, the
the seésqsg@ﬁ @ throrsggentipo agid paic Talle 31 ohsciyeg cawrniys Iraauapey and

obser\‘r;eg{ eg@gﬁ{:c? galﬁé(s hteI cel“n\fa'l&g sdt %? 3 f7f le@Slf 8)%%'(181’? paQ (rs, %Qseed oWQhe set of

14,795 human genes, are provided herewith as Supplemental Table 1.

Table 3 - Codon Pair Scores Exemplified by the Amino Acid Pair Ala-Glu

amino acid pair codon pair expected observed obs/exp ratio
frequency frequency
AE GCAGAA 0.098 0.163 1.65
AE GCAGAG 0.132 0.198 1.51
AE GCCGAA 0.171 0.031 0.18
AE GCCGAG 0.229 0.142 0.62
AE GCGGAA 0.046 0.027 0.57
AE GCGGAG 0.062 0.089 1.44
AE GCTGAA 0.112 0.145 1.29
AE GCTGAG 0.150 0.206 1.37
Total 1.000 1.000

[0099] If the ratio of observed frequency/expected frequency of the codon pair is
greater than one the codon pair is said to be overrepresented. If the ratio is smaller than one,

it is said to be underrepresented. In the example the codon pair GCA-GAA is
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(Buctingt o2l it T BF- BB BReS 2-of OB kb P i lroTepdon

pair bldlRoSI8thc e al kMddL G e bh nlereEtr@fJéHB@tﬁE uBdicr@bpresentation of CG in
synonynous coding pairs in he set coding for the

the mgameliangemonee dnfl {haiothef Mabhe tQBf;lo ik eha/facﬂcmeq amedyt)ld/or

n obs cted val ues.
accur%cgﬁ}g lfl %Xtéo Ci& I8 516%(&% P tgs Baeﬁerﬁc ,cﬁlYeél IOB ésstéo& Ii]lgﬁtefi Iji% any
partic§@f mfcculhf méSRanAraidg oddh Paipbyi ded herewi th as
Suppl emental Table 1. Table 3 - Codon Pair Scores
(202! Ayl e ulid hiRe AMYWIAG] Ddbabiir ﬁa@’ta@eylr@(‘%&@uﬁqhg score
pai r codon pair expected observed obs/ exp ratio
for cath eqflommpay ifi reqdieg cyquUARCGEAGEA] 0vO3Be Ontirg 3enpttes! thaEoding
GCAGAG 0.132 0.198 1.51 AE GCCGAA 0.171 0.031 0.18

sequefife. GROGRRARD kb, Qofih pai bias is determincd by CP5 =" 7 =

[0103] Accordingly, similar codon pair bias for a coding sequence can be obtained,
for example, by minimized codon pair scores over a subsequence or moderately diminished

codon pair scores over the full length of the coding sequence.
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AE GCGGAA 0.046 0.027 0.57 AE GCGGAG 0.062 0.089 1.44

AE GCTGAA 0.112 0.145 1.29 AE GCTGAG 0. 150 0.206 1.37
wWaoi0al229n00 1. 000 [0099] If the ratio of 0bsePUEUS2008/058952

frequency/ expected frequency of the codon pair is

ter..tha e the  codo air is said to be
IE0s1 ¢ epres aledd c?en%efwfi%@ @Qxaﬁo@elﬂ%@ COARR PHFS R&ATtHRE e ysed. it
would %t%@'egpéc@bdk%ﬁat%ﬂgﬁftﬁﬁ@ £S9R V%E egke chbfod o8 a 8260t @0l diE or a rare
codon pair GCA-GAA is 49 2008/ 121992

codonA@il fos2 (ieg1as 8edm pajy wion kigra's entcb ¢ fftcts Thicrsiforewmanyepichious

) codin ai,r - i s.nmor.e than 5-fold. )

invest 3ok AREE T B e i Do G SRS "Show

experi@dnyativhl O iV REgatAITE cHAI Saibils hACREs bdsePbR SQitrRebntal work
while other pairs are over-represented. For instance,

was thersudyorfdvipait pls (1886GAM foand counterpiyitEatyciiat coéam evor-
repres%ﬁt%%itcgﬁoqle alrtsi%P@ie)((lgEO?vneg t\w&é ﬁ%&%%%résﬂln%ould not be

reprodubsqbbjzhlsV@in}d)groW’((]héng el Goldaranp20013, LICAA (WAcallys ywith
& Asnd u) are about two-fold
resul%xﬁéprt%berl@ge g the Ereﬁf‘é}t FratiuEe RGO By O demfigheyperimental

ev1det@e§8r@ﬁﬁcﬂ@ﬁah'r5lgof90cﬁ) ﬁMrt‘thathe frequency of pairs of

am no aci nor w th the f requency of indivi dual

[%E.T%C(eﬁgm B?rﬁﬁ%? gﬁélﬁ cf)t{kggfl {1%[@ &P e?&ﬁrg%p r%en?_
sequet@dpsuch CHHE)entif0bPdill régicioof BW 1lhvbllvﬁ% ategnddi (E)O@méﬁrfsdtd n

prokaryotic cells (see Greve et al 1989) but has
Separaﬁlﬁé@comﬁteé@ﬁhpq% caqiqn BHashand Roey ﬁ?@?@cpaérﬁ%s igto the genome. The

ratlonhlré%lnﬂgﬂl E%thé %ﬁ%e??%g‘hsgge {h%Fff ggél?su%stlt\(lﬁ{)ﬁ[ Flj%htgpa sgngll effect, then

statistic is certaln
all substiig@ns Mewdeeshould acdta ladmgo nfftct. $ndpad.fit mmscm,t thaf balthy,
sone | rs of tR

deoptirRiz} SN Tt andraRiPHS) chrer B S Eb s Eor Rabie

virusek! %@%EESSGWM B r Ol inRRé E§aﬂ1ﬁ1‘é§ éﬁ@imﬁ&?ﬁda}(a sugloBG fhat
di fferent codons are usual read by di fferent t RNAs,

1nefﬁ@@tddmn§iatlmslsnh¢gmw0b @nebhas@d fqrae@wmgjthe pubilitngf & oges éth poor

f G
codonﬂﬂ%r S (rédptagaélr E@at h‘(rietsp?%wy Lﬂreeﬁ%tr%éﬁhlainsm ghe (P la indicate that

the la d;eme rsﬁwﬁﬁ&ﬁmtoe@ymlyﬁﬁ)ub a@/@t@u@@mordahs e diviralcdeaeit @&ults in
encod Al ad u and the CG

% GCOGAA,
severly tilugsdivarasess Tyspre fz:%ﬂr pyedusimeaiterysicssdrsechasheen

h ran et al., 1995;
dubbeggg%?ogsy‘ﬁﬁé{% @@ef%%)tf?lvmf‘ﬁﬁ%%%ﬁ}eﬁ%@f fects of codon
BLc. PR e rus e OB ot ffopfidied by changes
in cod&ﬁlf'ﬁﬁii'bha%l’hs GRMAFRodeBiat. NHORENEY it RAkipB@ed MatlRdjidting cbBéh pair
ci enc speed and/or accuracy of translation. It

y

bias ig @@%ﬁ&s@@@@tagm thecnade rttenypiiag ojvams thyowgt codon bias
gener!llhgllehﬁ?es e?mﬁﬂ%}lon o@*cbhl%gdnad’odgﬁ)g, G Lda{he %&B?& t§r5]fthe nucleotide

underrying codon palrr Dl as.
sequence is reduced. In contrast, codon pair bias reduction or minimization can be
accomplished while maintaining far greater sequence diversity, and consequently greater
control over nucleic acid secondary structure, annealing temperature, and other physical and
biochemical properties. The work disclosed herein includes attenuated codon pair bias-
reduced or -minimized sequences in which codons are shuffled, but the codon usage profile is

unchanged.
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[0102] As discussed nore fully bel ow, codon pair bias
takes into account the score for each codon pair in a
w@omsng9sequence averaged over the entire | enge¢ir/us20081€58952

coding k CPSa sequence. According to the invention,
n bias.is deter nedb CPB = 1= - |
l‘fﬁ%s] iaﬁtﬁaauﬁmca rfiop Pn%do@o%ayr%a%aﬁ o5 e Kgpwto one of
ordind§ gkmgnwm@n Gt QM8 uce Isleeiueeazsw@ EowlYmeasurements,
m ni m zed codon pair scores over a subsequence or
and rerdud@irlathehy iditest anigtabsd Theounksant gpplicasion d@@omt@tesﬁltﬁé tfedttenuated

virusq a8 l@@ﬁ@f&@@%‘é% DRl & e s B S élgggons
0 3 SeRine Sifeenud Vi FagneerpaAYER ol ol s Irfare

codon for a frequent codon, .or a rare codon pair fo
[}109} e q&ME emplons precificall desieted\remptsh seffw e end modem methods
[
of nucl 08 Bo S e A REEHbI A ro- LR R B rThs EQRAR PR Firuscs
This seréfegy pmazmdlmtan@lﬁﬁmﬁt&néﬂmmsﬁprgdudutgwacﬁmemgaMSp aaniousinasglically
t hat . was _based op. experi nental wor was the study of
imporfanfyyifusss fof Whleaegé)am%%a%ame SewEft eri nt ui ti vel .

that certain qver-_ represented codon pairs cause
(&4 18her Tivosgitactys pRlio VasGBGR AN lwrlgat%ﬁ@lm vacsie le\@tdew@bped by

Jonas S MG R (RO SRR Rt P SRR R Py loped by

Alberb®dbany.respletisyel ¥, hevpbeneantilabdssiht ﬂw(l@é&’sb éhdwall, ax@lgbddeffort to

cradicfe ROaBRCHGR, Sé}'}ngg%?g soeddsriba e %@q%@ggg&?éonr(%HO) has

succefedGh Ql%ﬁgsaﬁﬁg gd)l'fb fr&ln%@st Bpthre%oﬁﬁ’cﬁbé"ﬂl e (dkdg Q‘B@ WEmber of
sequences, as the entire capsid region of PV,

annuai dwaghascd gasgs b@mb;bem 08DicedBonmsthe hundredspitheushyds to less that two

C.0 ate both or. and poor codon pair )
thousqytR B BeFwdR e in FREM D eERE BRGEvF A SecPRubgding
the wiRIX RS bMBBIOPV & thAaS cdnfre@AER SHBAEMtiHEh, QR ERRBhDBlidved to be a

smal |l effect, then all substitutions toget her shoul d

rare Cggbaruebraalisad’ g@ccem¢é@tvedlmhe adve haentrepattsd dgronghseu chalk.n 997;
Kew %%? pﬁd(ﬁ] éﬁgm ? on Eb ' 1§ Pact ag?cglltgl a@tl%eelgv %n}&gsa vaccine strains

Separatery' efea e otY

are usddi saus s&tlihd leﬁ@than dettamlating ntugidny &Hﬁ{e%;a p@srs&hlhﬂylthkﬁ fthis strain
ata suggest that _inefficient translation is th
will f*“ﬁ’ﬁftd? Wit SHE S FRVEBIONROgercd Frgioth Brgat &biheicpinpiste %fa@ncate@l of

poho.m"ﬂlﬁhﬁl%%HCFBQQ Qelindsd @ Be&gﬁgﬁ@ vR@ife BicBibat the ﬁ&{%ﬁﬁ%l'ho\ge

e precise nechani sm data indicate t
reverdi@r gehs clabieg stapst oftitsteifionts af paionaradivation, aebthis prowides one
lts i

rationg2 s R e glcue héfRmnge aeisror e SRV e BV glowever, PV

was s@EHENPANERIYICHRB St 1088 R&BPNt rﬂ&&@ eokiYer deo¥IBh IS AVE.
At t enuat ed \/ i rus Engineering). [0106] According to the

[dl't:l‘iﬁ”t '15?1?111 éélngte%&%ﬁgtﬁ&ﬁl&éﬁd F]] n§ &P 'vaagg&omé are
COdOﬂ alr Ias as we as C

preseﬂvlech,&merhe eifficwnzcy&)f mmt:mdramhlaﬁomdj syrsttmagicatlg deducpdby deoptimizing

codon bias, codon pair bias, and other parameters such as RNA secondary structure and CpG

dinucleotide content, C+G content, translation frameshift sites, translation pause sites, or any

combination thereof. This deoptimization may involve hundreds or thousands of changes,

cach with a small effect. Generally, deoptimization is performed to a point at which the virus

can still be grown in some cell lines (including lines specifically engineered to be permissive
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bias is particularly advantageous. For exanple,
attenuating a virus through codon bias generally

WO e@8i1z®92 el i m nati on of conmon codons, and soOPETIES2008/058952
conplexity of the nucleotide sequence is reduced. In
contrast, don alr hias red%ctlon or nj mzation

for a RARACYE Vitys L GHEY P ERGRE VIFHS VTt AR APAGNY 4RI @5 pan. Such

avirulSRAHRREE ré b)‘(&'ﬂ@l’lttdéndlﬁﬁ‘tgs FRRARGUEANEY oI RA a8Eine SRBE fHRY encode
over nucleic acid secondary structure, annealing

exactlydhgpsanze pro@insan dheoﬁdﬂe WIrpmstﬂaﬂ andradcoringbshprnv el exactly the same

. [0 ertles di.scl .per in | oel udes

immufff PR 85 hed ik YBAP WRs 7F FRIELAN SO AT PRy affors e

prosp& GbteMzasning thlie6dl of adanatian;ehahdlfif frdidedtht chhRits @sladign
usage profile is unchanged. 51 WD 2008/ 121992

synthgeTyiyserobay 4 domgimipgh o 7] royglly pregicteie axteetn Regignpeynthesis, and

produgt (8{ #{;1 \{Eﬁj géﬁﬂ@gﬁsac%ﬁ Ahp1R tlr? a pfglekrlaﬁlg %}P’Qfﬁglgseo)%%g tl?ef genome sequence

is knolmld mhechpiaa ruporeess a&\&ma@epﬁm hhdmaémutlermﬁtvsccmeanldpotenual

reduced lethality in test .animals. The instant

emerggReiFs. ctthsHMerS bR SftPaaied YiRses 4R 6XRRCFE D Apervirtyplly e gotential
[ [
R i R S R G e
chang@SﬁnVEbve{i OTBQ]m@M(\tEneyrbb gyreera heapplicddd toya deki rgm@cbf Vlruses
qgﬂ Er softwgég nodem net hods |, of nuclelg p

requlr&% LEnQvisler aldbe XiFhRcpEmE SCUSRES it RIS RNFHST %Yétem orany
partichilev@gnomes of viruses. This strategy provides an

efficient method of producing vaccines against various

cakkiVal akfeRR%k By F%quéfﬁl%&)d% &\, efficacious

vacllnes are sou ective polio
[%@%f{l gﬁfzosne QF%(t%g(fgso-rgﬁg gf ?0%‘[1]0 ce\(;lﬁ\%g% 28115( ﬁlg &Q/?§ I& lcro B (fjabove
then conppindsi wigh CRGevahics &y ata@dar\eqﬁalso d exorl dpegehyrallpbbdesisidered
Sabj n, .respectively, have been avail abl e _sine the
to be gapsieligical Frdisthic eonloyBa. Vs Fompounds adihdad (@ valugs of greater
|
than a@@l prﬂ%%ly lté)nvlé%ué??g Hﬂl ;ﬁﬁﬁ%gﬁw%vhgg% g%feugtjﬂgr W5ddbration.
[(?lr 1%?' ¢ %'Islﬁ grgen%gr,lglg rgnééeoe?fnﬁ agsdgxaﬁlggsé ghet craI ? Zci C dlng k1gee%on of
polioviedugrdl MaaondyT@VIMD) W e - @fgld@h@d&)@r}d&lﬁ@cﬂaﬁg& 1hf$§1ﬁonyrnous
two thousand in 2005, occurrlng mainly. in India and
codon; ypagg. gBirg @PsidiaeRoe Pomaﬁ%?é ae@t s thisdaf @liewgus prbiswicHeactiyely

transl%%%t ?ﬁo%’\én'kt)% rhi‘(% %ﬁ) r}ﬁ‘éﬁ{ ﬁ es'} g%ﬁ)vy b dsh s dulfidn

ieved ent . out breaks. of
replaceacoi afehd krgosepbspibld Imrhiww ef ﬁe@mnﬂy pesd mdlo(l@ﬁh gas Gynatymous

al ., 1997; Kew et al 2002 zu et al .2004)..
codonp v gEqpteda A3 aeptigk appiber Yigs @?&ﬁ%ﬁ%ﬁ%@ bvige teargest
possitié hahD& ofRYForaRfls @A LHaRELWIIE ﬂlﬁﬁﬁlﬂlﬁ@fhe%ngmal codon bias.

attenuating mitations, there is a possibil t hat

See Fighi lsarst 2. al'lms, RVHID tsearerus ltamngte,sseamdllmhelrsame\cced@lsm the wt, but

i shu R e oSy s FrfiB o d G St P Alefhares

made t®ineRARASr b cROUSNPAIAbIa® by tHeMEFEh dgprolcsddr@ €56d sintde 1.
stages of its efforts at polio eradication, and this

Despifsr Wi e teotigechanges inrilg @aps@rchm ISEIGH] %¥ 9 BAopreduced virus
with clﬂgfa%erlst(i)& 1}1&1 gtl%@haﬁ%tf}o%{]w?f ﬁ¥§a§t Vlable V\ﬁ%g Was rep ¥Vered

from PV-AB carrying 680 silent mutations. See Example 2.
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was selected primarily because it is an excell ent
nodel system for devel opi ng SAVE. [0111] During

WO 2008020992), essential nucleic acid signals in PEEUSI0S058952
genone are preserved, but the efficiency of protein

slation.is systematically. red d eaptim zi
R0 B 8 Rl g Vi GOV A B Y RSB e SE
nucle@flcRNA S8 GO WSIEMHE WIS 1RNGh&RF9 Hd PR 18Rt Fd€instance, a

content; C+G content, translation frameshift sites,
nucleetrdgrebhagd wnldbrlsthakfor egme gatasirophicdorrioharpréwated reesappuch as

preverhesafiRin BB Tohe BHhof dEERE” Rl PR R0 Sutain

impor€é@© Righ M tel cdibnksSin RE IRNOA 'Ridh O the CFOE Nt iskinoWhitedl nbREch elements
virus can still be grown in sone cell |ines

exist ippide thediapgjd cpdiag regherti Fhis & Suppetryl hyelbe demewgstigdon that the entire
: Y ssi v : CT/ :
capsi SRMETLLR A pYGERI R heRE g oA S datd o L it
genorde Wihifethe agil, padugbiof bourssvirdyahicla\chiindt & forviadKaplaanad
excel |l ent candi dates for either a killed or live
RacanyigHe, 1988%i nce they encode exactly the same proteins
as the fully virulent virus and accordi ngly provoke
(@At t | Foraddresadmestipnsragnecrpiag plahwsiaggity pbcqrigin sg-engineered
. Pl Lrus.. ln. It . WE D .
viruse h%l%-sgg%lg pt(Se 8?% ocrag%liilg%lcﬁﬂu%]vﬁautsmgﬁe\%%ﬁ% sgﬁc%ﬁed%fo%é wild type
virus. afdedixaaiplonand Rigt 31 cotporgimviuge Subdiencdapaatity (ihcluding non-
design synthetic viruses that are deoptim zed to

a :
overlqp@g@meg@g@t&ﬂreywe@ab )‘(‘fbé]ﬁtsmaﬁégb‘éﬁl}edﬁﬁmﬁ% iplgo’dua%wable (with
one eﬂeﬁgwg}#gﬁcggiﬂé algippidsi-cls ‘?éve'a%d%?l?heﬁl\&aa% s! for @;[((aﬁno%eq,’

of weeks once the genome’sequencé is
segmaniti effpooasodonpoastanse v dindraffes. IRyrant Bmapmpbaduet (Fogs. 3€C-H). It is

. vacci.nes I.n potential  ener cies. Furthernore, the
particl Ty gV it 1B EsnelPl 14K (b GOFBETS $40 §R P98t 1o figo sub-
segmd¥®d, 86thi dHlwhiltPart QUSE butlsRok\ Eng g? NEResBECAUS ﬁJlQButttﬁg hypothesis that

extrenely | arge nunbers o eterious nucl eotide

inviabglhtaingdee forjusslone dharphi igstaed, ovhinraynt enage ebagdel ynust be
. licapble to a wide range of viruses, requiring only
Commﬁﬁ%%iggg%&gpopwg'viral genonme sequence and a reverse
enet i system for. a articul ar. viruys. 12]. . .
[% 19; g@?@ﬁ%%ﬁ ?’EFRPBW% é‘i%‘?ﬁi“ﬁ&rfws%’&olélfgit%é%b ﬁ%i sqgment 1s

fairly QMEILUSE $ts iR Gust PR th@PV GeRbmE ONIELInvEBIL S/ 1t85h0ta@bla at present
nmet hod as descri bed above, then conpounds with CSG

whethgabies thie §egmbairean be subdividedinto whdtagmeots tpgmearellylcgussesickness

consi dere to. be .good cl.i ni cal andi dat e, co unds,.
and G AABSENEE 1t Dindis 10R R EeaeatS e SRR e RS Es St g bienty
deletcBiPRS aﬁhgatp@kybw tlatlo® eafidétif spg.om si ng and wort hy

of further consideration. [0114] As a neans of

[GNS) NeSERPosH ERIBHBILRDairal ek GRS b 1R, translation of
region of "poliovirus type-'l honey [PV(M] was

the proeimsrgered bedity PivakBngaschsiod eSeei Exasyphohymbbig. 5S.cbuiond, all the

) sage. The .capsid region,c ri.ses. abput a third.of .
sick VITHER fiapofdieq SAPY Pioksiy Pty Ay By TSfApR s st Chfsp dn the
sickerWHFudSs, Cotsigasnt RVEBbr tri@Ndtive RinsahY cdiWoe ARQRkRERS TeMBIation

to replacenment of the |argest possible nunber of

was improyedpsPitiallydel W dyshign igacHoRsethet woraswymernentc wébrscess tRNAs
and atifio at%{é(g?ﬁlgs I'S%gsctoﬁsei‘s:t?%trvg@ls%he q‘gtgtol? %’cogﬁi{igﬁ\' of 1%}/6_ cso%)onx\@glng

crea
limiting.
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possi bl e nunber of synonynobus codon changes while

mai ntai ning the original codon bias. See Figs. 1 and
WQ@2008h2992 PV-SD i s a virus having essential | y PEEUSHNE058952

codons as the mﬁ but in shuffled position while

di exact the. s ote| . In PV-SD, no
l@?@@ B RSt o T e oD oo b ot fapHg incfficient
transl@cid’i‘ls p@ﬁt’loh@@f &hﬂfdf doPEMP-R LN & ereI8SedFRs PN ecerglﬂmnus of firefly
splte 934 nucleotlde changes in the capsid-coding
luciferagginomdicPyrosp reppastep combtruetd See Exemplei & anddharfaclinghésstinsgen

constiyfS, Bsh80h SRR Sdhelly o PaRkah 38 Hicg®RerthiBith Fyped capsia

proteifil Adhin0 RSvas e ghdEhaMRInSlaBon BthWRa R0 Bloleddd#h deoptimized codons
PCT. U82008/058952 0115] A trivial explanation of the

was ppefy Btb VRS WOIsefin g spgBer Birgsyasuggpstingp eause- aﬂﬁ@ffect relationship.

e
Thus gl&]legéia%g gd%%gstﬁﬁﬁrﬂge g?ed? g)s agl% \évoe(io%g hal hﬁc}ilw AIBe aﬁ%eglg(flablhty
largelgz bektaaisebef podk rahsldtoon. smmhen; ateqsior aphdlatidatdeen in vitro and the viral

preC|ated reason, such . reventlng repllcatlon
SleneISﬁ ﬁ%enész srEwad pells arg alse, rffﬂf@éteg in H%f@\‘»‘é\?@? of ajipglsy gryew(pr one of the

least cfé‘Bﬁﬁat‘é&’ H%(?Htﬁlfnz d‘ﬂﬂls%@@tv h@gub- abiof¥ GBS iral Eaﬂtltsl%s needed to
NA, suc it is known that no suc

cause (elllsemnn mIC@WB.SlnCI'daSﬂddQI dbloet ipHIldl SedixagplediGble Ahi s

is supported by the denonstration that the entire

(€031 d Buedi gt gl. (HWi6d hawadcdielydieb@ibed st bidnitar 8k peiiidnigwith the

nor nal repllcatlon of the residual genonme within the

Sabindyq 2 vaogigghapof Eolisnereqshed sipid cppelBdonsadisns gel- synthesized a
}

comnl B SRELA A n el £y Billog L TR s
virus desctibédnharen @nd iheeeabcd” wirususessry differsegymedtyst goft atshnetlar degree

of detg PRGSO vt S5y 8 s SR PRET SRS host
organlsﬁﬁ%lpé}feﬁhét% |1 88VB& B URGH &Qﬁg sﬁﬁﬁﬂﬁﬁ‘t@ssth(e'vw HQ{ QQV'EO@
over | appi ng segments) proved lethal, while smal

predicgtalide lapd diht degrsits sropragnedy depersicat ((n/\uht: kxaah necleotlde sequence.
exception) but sick viruses. "Sickness" is reveal ed by
[0drly addenlattehovatiexbyrpéaptimizagedbs pair asr codon bi as
cause poor titers (Fig. 3B) and small plaques (Figs.
[B22H) . Alctoriding tpalid ineentidin| yodoRpalribedsi cae bt AAErel Mdependently of
general, large,. lethal segments can be divided into
codont e T %é@ﬁ@ntﬂsa DIBiSth I isEReRF O nIcyeSt 590 ik bias can be
altered G E'nﬂjl% ﬁ% dlrgagéfegfrgr?%@n‘cit 6%%%%0318%% phu goaptyol?l%{sr?tglg éeﬁnéa P@&ons that
appeammﬂhapanentmqyetmh,a\nmeh cal’ubdi obearyiag titetjudnety iim thethost drganism, are

phenatype. [0117] Th r is an _.except.i onal from
used 156%% flichi stﬁ%n%‘l% PRl oL efe i hessmplgﬁtrfgvn;hﬁawse the
same pé’&onh L& ds@@ hysi tH@%)éu@ntt Rgud¥e %ﬂ@ﬁrﬁsa%@ S ESthe ?fﬂ_t@lﬁ lcbdiihy region
I's not known at present whether or not this
being fcmasgdmcd re@aimemctm@d Vasdieds thetencadddfanagerenit sequeace).
cause ,si ckness nact i va

h
Never G oeF R GaShrRR U A  chat el Saaied yator followed by

codong @it @hdbda thd GiteYamideheldes iPthe paRANGRueRRSBUtRINDI@ying a different
translation franeshift site. [0118] Since poor codon

nuclegfidgdriplgt. ukdaplly thargyesieemgnt effcodens rgsiltsimaadaanagi that are less

frequenrt %%lnq ttﬂ Iﬂlre%ft sequence. In practice, rearranging codons often results in a less

frequent codon pair at one location and a more frequent pair at a second location. By
judicious rearrangement of codons, the codon pair usage bias over a given length of coding

sequence can be reduced relative to the parent sequence. Alternatively, the codons could be
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the proteins encoded by virus PV-AB was tested. See
Exanple 5 and Fig. 5. Indeed, all the sick viruses

Wa e@as2ved capsid protein poorly (Fig. 5B). PCT/US2008/058952
Tr ansl ation was |less effici ent in the sicker viruses,

I St ent oor tr nsI t he cause of

rea“afl% O BUA BEO\e.I‘\fucer? ‘??é‘F%‘ie §u?%ff&381a P@%%@ﬁlﬁﬁéfq 5%
frequitdk il @¥BbS théh ﬁﬁﬁ@f;ar@ﬁ%eaﬁ@&ewere suppl emented with
excess tRNAs and amno acids (Fig. 5A), consistent

0T, SO o ST RSP Py

cach pasr ceogtd theftquehcyhet the codteoptin mob&niv@hd@motblmdm@s

causi.ng ,ineffi t translatio ortio
sequepes S i Bogiya %ﬁ@fl CirgPET B o0 PR P81 s5akergR as disclosed
hereid. 1T¢ &4l Ye algﬁ%é:dlﬁt@ﬁ fhaf ohé']ca@l c‘iiéa{-'fé ﬁfaﬁ? Hiff’er&ﬁ R&fucBEes that have the same
construct. See anp e and . t hese fusion
codoncpmmsltiayy CAEQ, qodamphiabias narobe altmedf @raageatdleqrdmgr extent, depending

on g Y e oy et o B BiF TR iR nte can be

altere@ b9k &omgWhd bntie @@dihgﬁ&ﬁen@eosp&smcwﬁg eﬁ@br maRGuBRFuences. As
worse in the sicker viruses, ]g gesti ng

used f@a@@ cafen pFif leigs lﬁéwsltl@teqhgmrﬁhe emgihpf atCﬁémaé@(ale@gfg §eert though

only 201 Sloeﬁ ?ﬁt\l}:é] ggcﬁ{elﬁ%ym%( ggr glélfa)}é:(g g%%alsl%er]co%igg 85 }/s é%g sé’drgdjﬁl the

contektrodrsd@i usape ofthe hbgtrorgdnlin, oot pain Sia@tvahlﬁ caebfadsipned to wild
vitro and the viral,K sickness seen.in cultured cells
type viabscqueiees and BEtagtVir SPaifcaess: oHeortngie: tha yentisye g viryp can be
i
attenug{éﬂ b% fﬁ%@ﬁﬁ é’ﬁlﬁtﬁé f tﬁ@%@%\l}??{%ﬁin rstéff%lné% 5%@2 gle S so ato
reduce&ms@ouiu&&dﬁa in mce was increased by about 100-f ol d
See Exanple 4, Table 4. [0120] Buns et al. (2006) have
[012agnt [AccodiRrtb biedinsaitdng tddoh pairdigseds b qenitBativictplofidie
Sabin type 2 vacci ne stral n of PV and reached sinil|ar
deterraipRe 1ge) N PRI HSAE T4l hosts yicREMRZ BRDsOIEHRPPRPYF 91% values
[ i
ey SRR (SRRt Bt oo bn b
changhemeiodompalir blae waluéﬁbmrbe deiterogncartBatweliate adddopemézet]virabpdtein

. yet got a simlar de of . debilitation usin .
coding Sequiae G ROEnt BGHRCISE st Tigm which s ARy AaTyeysqmg in a
Varlet&gﬂﬁlpEyGtes ty s DS V11 18 B MHafiMRork Qlas@ AR N8 Ratural (i yirulent)

wever, their result substantiates the View t hat SAVE
1solat¢ssof dpﬁf@dmtomalbdsseyleldrd@lff@rhmvahme of elswwlits ceton motbigy, gas tqlatlve

ent 0 exact nucl eot uence. 121
changGy PEDIFE puf Bisd M E5 B Po R i SE AR Gine Gtad tevels of
attenupfd2 2A cARGAEH 11 ih@ntibe ptdWdR atteiliatodRRePRIdmEhés Fdiaking
be altered I ndependently of codon usage. For exanple,

such, wﬁelalrpfﬁlétaéﬁwaéqﬁic‘@msw%mué waal ggmomgs By which opeebmOprapTptein
encodpr#ga\%{cfe%ﬂd? ?e%lg}l(%eg 'ilgxqe (fddlgﬁ Xir %}/ats%c[ug&:iég g{(') gﬁ{orna rf% %{Fﬁ&ts that

encoda r@n@@[ sihgle phecipdr. enzt pSigpitesice all vhpaholhe pb@pﬁﬁ‘telﬂ ahy b&ghutated
guency in the host organism_are used in th
toa d%ﬁlrte degres éyirdnesecodpipair §iag; Fndeileniia nosaen idhe muraﬁect ffguence can

be pro'ii%dfgal if S tredoRtThan? @ﬁﬁ%ﬁsﬁﬁ? anfsotﬂaqr&% p%’eﬁggcri]e%%ﬁlﬂple

e parent sequence, codon usage over t
proteicg@nngar eguonthe bedangpationiss @I@aib@fthepmtms ennudh@’ungbr(ca‘s
does fhe encoded am no aC| g uence
snnultaneous y, or select only one or a few of the oteln encoding sequeces for modification.
The reduction in codon pair bias is determined over the length of a protein encoding

sequences, and is at least about 0.05, or at least about 0.1, or at least about 0.15, or at least
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Nevert hel ess, certain codons appear in new contexts,

that is, preceded by and/or followed by codons that
wepwsdzidohe sane amino acid as in the parent SRUUESE$/058952

but enploying a different nucleotide triplet.

woutg B U BALC20GRTEN 0 SR ookl 2,0 G290

codonsﬁa‘?tutﬁﬁ‘sc %aseh%n%@&ﬁ beﬁ?usa"g@ af ﬂférhg)ktn BarLRAY¥%t A OLY Less, or about
results in a | ess frequent codon pair at one l|ocafion

-0.1 onlvds, ®r pbows -6.0 2 quisns, opabout a).2 ar ssendbéwcBBios rhess By about -0.4 or

judicious rearrangenment of codons, the codon pair

usage bias over a given length of coding sequence can

relative to the parent se nce. .
l&%ir n &W\?léqe;ﬁppﬁlﬁet bchoen B PR I5et B0 ey uisegIPpsetogpother
sequeRGe V8809 8F6)15e%%§-§1e 5%%15@@&ﬁQn&ocaﬁ%etaﬂeﬁﬁ%% ¢Acode a protein

sequence t hat makes use of codon palrs whi ch are nore
or polfypengide N\thlcrhwcqnlteenmwortnhmn ammq dred plrangert anslendyoetnbgye an altered

on pair bias consi derin
COdOHe%%TZb% ggﬁ OpairPmF ﬁasteérr%le ‘%ae" ﬁ% CO@SE%”&%?P ag}:%w@}' ffg same
codont Bagdgrofilig besoayn bidtreduded FRUGA cR@Iding seq@RehY Bk pdtent protein
protein coding sequences of the host, and then
encodge SSAWENSENd htsh)éO@d@l@dn@mgnhtsﬁheQowerroftCﬁéorswublﬁ& ghanges, but
I C
need JE R " S Rrtcnkly. Ebdon RRCABPRETRUER iR bufilfaf@tn
codonC3d@dis ma:loﬂnigl s@@uenéd: shy, th@&dgaﬂd,paisrnotﬁdaﬁataﬂ Oerdn aketrﬁple:dprowded
.to a ﬁ@eater or |l esser extent, dep endlng]ﬁ on th
herein, fe.gynhsricsisn 8B VaMacaa Habgerdonregegue 1§Ja<i>trch51i1%€§i ipthe
proce?s &%@he}g‘u UGN aﬁqﬁask}ﬁlml Ee%lrs%guegﬁf rv@l?e%di 1&th that sequence
entiTe coding sequence, or by re ng one or nmor
is subslobsknptrencesnutded sapedcherei RV -Min&door PéiMind).abd C(I)cbn usage

eval uat e ver the | engt f ~a .codi ng,sequence, .even
profi€ gt SORRYEAPHOPDT B T heTd Sebites o Feisbs Brafilc of
the or%‘?ﬂ%ﬁ‘ ‘dﬁﬁluﬁl@&iqﬁofeﬁi Eli qRGRE BrowvED fhes COhEXS 1nQBdon usage
codon usage of the host organism a codon pair bias
profily haveemimaimabeffess of govteal taor badd. d t ype viral sequences
and rmutant viral sequences. According to the
[0¥26¢nt Sonilardy, vtiis nsted dmt. by itsatft @nughed noylepedwostiqnenealtd encode

f the
o rotgi ol SR th S DETRBRGROGHITHHHS 1 o gy unlikely o

produf€ & Qe Wh b BBniRURNIH AL inCBHGN pARbfs.PCBSschSerfily, codon pair
quantitative property determ ned from codon paif
bias alisragyensofan dehevignizad eomdin mytlgotiddssqhiences dlafwe paer fusihas

o e TR B D A A o

meantCBBmMBEVds thiiRFedba o KidNard @otiftedy 1 O nidd@thah @lsaall effect on
deopt|n1zed viral protein coding sequence to a

codorr Py it Fog@q%r@nl@eaxdlmhw |hé1ﬁ7111, thq epdge ppiy btes T pelioygeg mutant

recod%cﬁ{eergé){h{n%r%}f{%ﬁ% eéafélgﬁ é&ns%gg M’éﬁ? e]cl;e%se\@ ferIBszlld type

(PV-IyM) Lbesiily abous @l Gt e@ls@ﬁoﬂéwatﬁ liethht stich 4 peseini eﬁb@dmg sequence have
di fferent val use of absol ute codon pair bias,
greatly diminished seayapGelveTHte ot e santrary; westaptil S%ﬁwénef*s@iéwrlsyy is

malntmE@n{ &ldBY ?Qltr bl ggogiltﬂﬁ%({@eaht cI65hE &l chGYE! Mofggver the significant

tenuatio Accor , e I nvention provi
reducad)ﬁ mmodde gaiv bras sbrimahld witiduo derabedmsciofigare soddns suggests that

insteaﬁﬂ?%m%:xgﬂitzg]%é %{ls%mtgggrlege{régzgao&s?a@ iﬂli P%EA\Q, rita\!voﬂg I’tl)g rt?esgeﬁcial to

rearrange nonpreferred codons with a sufficient number of preferred codons in order to more

less.

effectively reduce codon pair bias.
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encodi ng nucl eoti de sequences have codon pair bias

reduced by nutation. In viruses that encode only a
wareghzopr otein (i.e., a polyprotein), all or PErUSWH8/058952

the pol yprotein can be nutated to a desired degree to

d bi d all t f th
(L <52 bR i B % BB e et o
the prMﬂeﬁﬁéncG@lﬂé b bietc-acfOwhath¥t &1usr 4 f?@ﬁloﬁ eRAb At laYe B REPHRIlcsired
multiple “proteins, one can reduce the codon pair bias
reducmn @ﬁ dodof pain élapr bt @i ernbtwbmdntr@ teegentims a protein encoding
few

sequeite® i RMER R 1Pt ek Bes ot SRy Rloofag e aP ey MBouc 200

nucledtRRY, Qirl a@abthb6 A0 RRichtifdsadr dtIeMLARuITORAMSRIdS, e at least
| ength of a protein encodlng sequences, and is at

aboutllﬂg(gtlucé%@les 0.05, or at |least about 0.1, or at |east

about 0.15, or at |east 56 WD 2008/ 121992

[msa USZ@@@?/C@%Q aboveati@umn@“@rem’f vis ¢re avgtenahwteiroﬁ:@oding

rus

sequefife Snfiip oRtrap o GEBFESatEr SRl BflieiRaud from which
new s@%uehb@ Ragh, m&Ae A6 9ekk attéhdRdOhrel RESed. OAc@b&iﬁ%ly, a parent

-0.1 or | ess, or about -0.15 or fess or about -0.2 or
virus F@S@ a‘ 11(56’@9f oL ‘nagirgty (P@S‘gm IPT@DWQPS orgsejatgor vhiayy or a mutant
specifﬁﬁ%ﬁé %%)ea td o\{y'séllectgc? oggﬁgjﬁﬂtoﬁ?&"%r ]g&gaoecpc"i’és{ralg‘ll ??o&%ﬁ&&o "

uence varl a

d b | d )
[ivEifa e%e%l%rd%?@ﬁ S S RS D B RPERE SRl e P Bpseion from
nucledWice7 531 AAcladdé 33'89)"@@&/ @npwa 28edighday ertRyaudd ﬂh@rl gest possible
codon pair bias. A's in sone cases, one may S

numbegifaars weﬁedﬁp@nnapahmeém@ﬂt PY-Ming (SEQeD NQdoar th@éggest possible
nurnbgtre og{freeﬁ?%ﬁtp 1?368 99&)&1 alp r%%wr d]%}\& 1 }8 éﬁ]té@dllﬁnlgagsgqug% %reservmg the

codonmﬁa@mh@weldlﬂylﬁb hngh |Sb@ Eksmplbe' piaets, bt desightud fegidnchd @s the
changes, but need not be adhered to. Alternativel )
same é‘lfjd’é‘ﬁ ax the darqnbpeauaneey batihey anpeain gyibfacnt erfgrn JdiciBy -Max virus

exhlb&&fj&{é éﬂ%@%&%w&ﬁ' kﬁeﬁ&dalnﬂ%ﬂﬁﬁg B?nﬂ‘f&ted & %gégﬁaﬁﬁg?g?ﬁnciaf to wild

I'S note In certaln e rovi
type s g(That peovdb Sku@tlcsoéfre Ryt Mbn)lseel\/fena ccﬁddtﬂ’pmr&ﬂﬁdmimda@ms relative

.profile is not  change n.the ess ene ating a )
to Wﬂ@ RS HPRSHT togli% e qunﬂ%}%arl%wé ﬁ*@il &ﬁ%\&ftr%f wﬁﬁ% ts?flsgereted with
PV- Mu'i‘ aﬁna%@mev%re ot kﬁ}éla%mlhm Qirfd candut ?écsderé@qsm&nng of

M nXY or PV:MnZ), the codon usage prof

€. 0.
fragmente (PVH‘énésﬁl%‘g? d’ﬁéMlpzé‘?of i 8%)rpf thanchpisid regien lof BViMin into the ot

backefiRhERbie Y v o R Ry GBS it Run@FIES. s

result GGG tek PheCOHOthebis AGE del@feﬁﬁhi eodda \BaficiuiireRidbectvidetly
codon pair bias. [0126] Simlarly, it 1s noted that,

distrilyyed angledemongtrprothn ginzplisiiz ked elfertiveress ohreying thaeert ‘'of ghe
codon! Sﬂagrt cfeo?ﬁri%ﬁzeﬁ % 1{%%8% fhglﬁﬁ %léﬁfﬂltl&&? n?t{( Wﬁr&%{s@g‘% &%?Ilug genorne in

i‘ons Vo unl

order &egHie fiscodbh baid biis gdm tha: eaerrhll sdplege dnd tﬁ@@twnum?oﬂ oﬂlhéiSu‘al
Cbnsequentl codon ias alterations can

produgte Asyitey Bt v\éﬁﬁ Wf't‘ﬁ%lt%t’liled‘@ty@é GhENCHLN yiuges rﬁawsw%%
reducéd"e dje@ﬁirc 1HE9€1\£1’[}’3&¥ tfn@vﬁﬂgﬁﬂ?cle% rﬁﬁ;}%t Qﬁjof"f@\%? ﬁ)‘a'ugtlon 0 rPlrogeny

ence. I's al so notewort at Cmutat fons
virus.by thenBeres to increase codon bias are not Iikely to
have nore than a small effect on
[0130]  Virus with deoptimized codon pair bias are attenuated. As exemplified below,

(see Example 8, and Table 5), CD155tg mice survived challenge by intracerebral injection of

attenuated virus in amounts 1000-fold higher than would be lethal for wild type virus. These
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codon pair bias. For exanple, as disclosed herein, the
codon pair bias for a poliovirus nutant recoded to
woreoos219e2 t he use of nonpreferred codons (PV- ABJT/US2008/058952
decreased fromw ld type (PV-1(M) by only about
: Also ot ewor Is.that such a pro e|n encodi
ﬁndmgéaﬂaﬁ%séra B POYF i degPU I AP plc? 0 GHBRES (M PERLAS lthality of
a virud OF {figer 48 Vfa@ﬂi{y oBRSEANEhAbe BRLHEN Gthd KBEG oS! '1119fect1V1ty by
mai ntai ned i n codon pair bias nodified sequences of
choostrigethe degre dlogndompris b deoptiveizatiqmi Hurdantonce @degred arranges of

dogrofSfiSOaB i Bed l R TR i€ ko B gl S ERRR R afffpwation
propektfes, LldittPaPYgh&iceeehnCRRBEne@f dtRifmalBgrdctoBEbHpdLbias. For

beneficial to rearrange nonpreferred codons with a
examplgf $EQ IRAYO wurdadesst pylroafras asyerisdvifisa redogrmaerbigsopofmppet -0.2,

and PRl isagaE e B0 Rkl Ry FE e Ml BT 6T PRy

and PWuViatd Gr.,®ai> b€ vari ed dependi ng on the length of the
protein encodlng nucl eic acid, whether all or a

[mgn]|omkgﬂnhm@ﬁmuqu@qwd@ﬁgnthe desired reduction of
codon palr bias. In an enbodi nent of the invention, a

[PF32] el FheRERAHRGhavE %1‘39@1819& deScaPst el ﬁgo&t‘ﬁﬁ{s 8 éé%@ %Bgn that
of at | east about 100 nucl eotide, or at | east about
Optlrnmohe POA sguemtedor jeartiatlad @amd Iabpmleswbﬂm sioludtend¢agiely, coding for

I t bout 00 t
the eigghinn S B Ries Popslitac ot BhmatigaRe bra g fipe the

desired RN & RbconMhrky USrufure ﬁ&ﬁ@ﬁk‘quetﬂfe‘(C@héh AICNGE MY 2008? ayeRrnas
is used heréin to refer to viral genones and (ﬂfoteln

maxire bowiding adpuseroesng seaeiiigd sets of @QW@%@M@G%O Wwhiayh been
e .
devel od ﬁzﬁ b g r ?srsue glﬁfSZers] ?“ 8&1%‘,%1 \glg‘tr)]l%b grugaje ?%thte)}erl)ttGer 1sol%seful to
optlmalm;atnuéralrésmmoﬁ uﬁdss fogtechliclb @ity peSony. Tt&cﬂxadrﬁ tWhicalolvadpping
or a nmutant, specifically created or selected on the
genesigag pg desqgl}eéahatérmlﬂ&né@is\be@lceée I a Botsrgspey injadigmate reading

h
Frame B g e OB, L Bip e o B he A DR
polypeptaleg bting enﬂﬁiﬁ&)n dJIIffeFém Madingsraneged agmett fuwldinbcid dueenmon in
t he, l arges oss bl e nunb r of rarely used cod

Vn'useﬁ 4nd §art b(% NRSIQIR feshnodgsesal puRieserSugh s Wewing Gergfibiotic
Iemﬁﬁﬁé%h nunber of frequently used codon pairs (virus

X) (SEQ ID N0 5), while preserving the codon

0

ﬂwe eirlhé ﬁgs \@S’!é&ﬁ%%{‘g(gs&%?%"%éﬁ gﬁg&g&o ol%gy EQ?Be}e'nsbuﬂt as

descripad by fayaex aeﬂc(é’.OOb)ﬂndtRJelyarémnea al. (200&). d"thése fenis poindeity on

. The PV-Ma V|ru i bi ne-s h k|n tics
optimizing gSsjans dof Ny TaapuE @@ obe L“r‘??ﬁ Q%éw esgpndagy
structi¥ieb §nd &ﬁﬂOI%Fé/dtg) %m&ﬂ?%bnﬂﬁﬂﬂg b %bﬁt%& 'f&solélBglchoicthlty These

i ncreased Tor "a codon pair nHX|n1zed virus-rel ative
first- geoemmrdtomspea}alpmeawsd tparhdigius tautbe faty ¥1LRECAD toebdziilaground
cells PV-

desigthiiiieckh Tpd NortRprielidleg %aﬁeﬁl%ebprénw%s coul d
[&/)]éé 22%%‘%%?&1/15?@0' 812!35% oIf“H?l’f lgq%gggl%tgé @gedﬁe%fo manipulate

the coayn MMP blaB P aﬁ;hgod}Mg reBREK ahAUNL R AHC R aBﬁ“[)?’ to shuffle existing
[itated, but not "dead, virus. See Exanpl e and

codonl§|agd tc8evaT1ta|testhe resulting CPB, and then to reshuffle the sequence optlonally

locking in particularly “valuable” codon pairs. The algorithm also employs a for of

“simulated annealing” so as not to get stuck in local minima. Other parameters, such as the
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result substantiates the hypothesis that deleterious
codon changes are preferably widely distributed and

walerssnsdnt es the sinplicity and effecti venessP@rf/US2008/058952
varying the extent of the codon pair deoptim zed

seque that is substituted into a wl e parent .
free cQTEUST GUHBRE! RN GHAGPIOBH i pIpEe eef_afzﬂi opfec raf@wa prell, in
order IV oRY Gethdn SSAEHRA B dhRRNRLRRRUAH, BlloRfihh b W 1 to find

product. As seen with PV-AB viruses, the phenotype o
a sequRycMvith wiminmewn icgden paaslhibs, and in the duerd dhag wedh € seguence does not

.infectivit f the,viral, particles. rather than of
providey Stk Kl B koG {D et G nt FealShreniih Baygganbut o
minin®l 215ibJ¥ks Z 06 c6 @O Ra1E vRAIASq@hee 3ditlealabeProddSed using only a

exenplified below, (see Exanple 8, and Table 5),
subse@EINSG P Gthaicempigr iimenizethidduertge by i ntracer ebral
injection of attenuated virus in anmobunts 1000-fold

[®h3Gher Whedlrerwo nbicbdpforined wath thoaidwif b domppter,wisingsfor Thasgle, a

.58 WD 2008/.121992 PCT/ US2008/ 058952 .fi ndi.ngs
aradichE feRed O AT HBRE B SR BET D ZeHB R oAB X gaplp of the
procedird $halt _@ea‘iﬁlaﬁ%éﬂ co8ohsSirBadht fnya @hrtin@ sdquehido calWetrfiRkentbdBy the

viability of the virus can be bal anced with a
followiegisteps:on of infectivity by choosing the degree of

codon pair bias deoptim zation. Further, once a degree

[®k36} andeObEin wddypeesalgfenomdsequeace. bi as

deoptim zation is determ ned that provides desired

[@k37¢nud) Belnct ppotoperotdingssequaided toomatt foeaptrmneated design.be

designed to attain that degree of codon pair bias. For

[6233]D| 8) LEEQIdVE RK3vh O dvijcdasc@DNRY sdpuichisSyisieasiefsdng

wth a codon pair bias of about -0.2, and nutations
functignsst r i but ed over the regi on enconpassi ng the nutated

portions of PV-MnXY and PV-MnZ (i.e., PV755-3385)

(01398 1] 4nBgoctidebing! dodon destpilamion fefersingmifOABRP aTide in redesigned
t.inventors have devel oped several novel algorithns for
p“)mﬁ%ne design that optimze the DNA sequence for

rtic r desired operties whjle sinul.taneogus
Liel) ng% Bfrfomihangemany diiotanReke WdqnenEony ap Slcliate codon-

pair sREticular, algorithms for maximzing or mnimzing

the desired RNA secondary structure in the sequence

en [ I ks I,;

o 67 Bl e (R R e B o PRI TR S ERG E
simul@6d dyncahmy probedeme. devel oped. The fornmer issue arises

in designing viable viruses, while the latter is

[es] ul 7§ lspaptdsaBini\chins gt exc@SiviiseddndbrySttuesird &1d unwanted

_technol ogi cal reasons. The extent to which overl appi ng
restrigeRd¥c'can be desi gned that sinultaneously encode two

or nor nes, t I NQ: o f : :
been st eq FVRAGTeE BF LonERE) e hATHRCAR Y Bfarc regions
di f f er evith Wildtgpd enatncepadd/getptstape®).bei ng encoded in
different reading frames of a single nucleic acid is

[€1RA3ON i ByntNdsiAdTHS ARDGuchad chreespaiing toedrfsesign.
t echnol ogi cal purposes such as weaving in antibiotic

[0 B St BNCRaBENAS colBh3nd BiGsS Exppéss@@ner ati on of
design tools for synthetic biology has been built, as
if too attenuated, prepare subclone construct and goto 9;

if insufficiently attenuated, goto 2.

[0145]  Source code (PERL script) of a computer based simulated annealing routine is

provided.
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descri bed by Jayaraj et al. (2005) and Ri chardson et

al. (2006). These focus primarily on optim zing
waele®sguwot or nmanufacturability (i.e., oligonucPE€DUSOS058952

wi t hout | ocal secondary structures and end repeats)

of o timzin uences  for bi ol
l@ﬂ%ﬁ %ltemﬁﬂ gl o1 G ﬂtdezslgﬁapgweﬁem@salﬁ%gﬁ ea@h PRrieqkymino
acids aﬁbea&@ BHPMA b %r%h&&‘%ng?%édbn\ﬁaﬁ" wit¥at b eQfuireRiehd tha@hOB&Hdns be
desi gn rul e-checki ng, instead of supporting

swapried glue fromradsswhdeesingine protaiie eploding sEQued4d. As exenpl i fied
herein, a conputer-based al gorithmcan be used to
[0dsTi pu Il\Mleculnhmeclmhjmpaf virali stenohtiamychnosetagzatigi ofi.

The or,it s the abil to shuffle existing
atte“%ﬂ%%@%’éﬁ ¢ e P'EQHE‘ t“l‘\"él‘?%%ulti ng CPB, and then to
reshuffl e the sequence, optionally | ocki

[Q81 i ¢ disatepsyibed abensmng-in gksatsn dpiailiy theﬁi@fr@?egﬂoqu fymhetic,
attenﬂ{eﬁgboﬁgpih%\é e@cﬁﬁﬁgceg%ct% t(rflllb %@@gelﬁ%%ﬁe W‘lgglrpé Qs lﬁl@ Bavmg

st uc par anet
alterediSoddméoﬁ@or\&)e&ﬂ%ﬂdﬁﬁeﬁ@ﬁiaﬁ@'drU&i@%bt@&B b2 virlig e&s deoptimized

ener of . f ol di of RNA, may optjonal. under  t he
codong e PUIET iUy Fe® Eg%mfmoggnwf ﬁ%ﬂ‘ﬁ V“&‘F ar MRy Bynireqls of
nucle&f&%h@%&s%ltﬂ&%%%{ o' secppdary structures. The

al gorithm can be used to find a sequence with a

[ﬂ@ﬂjgﬁ?ggg %r&@ﬁtred LSy %%Qgst it/ll{bg rfé?a GrgL altehah"i’ttenéalﬂ@d"be%ause of

seq not Fovi € virus
poor t%ngkatlom hithis dimd e, Ebeptrs¢tehhstimpbftatd cemqemces Rirdt hthe reduced

ced but not nim z i ase rse, a
ﬁtneswgﬁ%ce\ﬂ freagh wiakije H]eetocsaaﬁ?bdeg Cé%atae %@8 Ttjpgys ypread over the

genor®8 VhiR, theHS eQURNAR Rf cHah& mﬁp%?ﬁre%ﬁﬂl%]t&%ﬂdtype and 50 the
sequence [ 0135] ether or not perforne he aid

virus Bfa good (stapmngpqmufgr either adive 91( arliet eacane. dcadind nf the reduced

ent | at ed. anneal i ni.m zatio
fimesy/ g is e B o AL R Esetmal e B PSRt s
methdaQﬁQékﬁJcﬁfgefﬁﬁégs with Airdinal fdkNeF reRIUSA S uEEPe B%hlicable to many other
repesented by the following steps: [0136] 1) Obtain

virusej | dt ype viral genome sequence. [0137] 2) Sel ect
protein codi ng sequences to target for attenuated
[@59] gn Thof g3 &) erméhasi@akthabﬂm pkaseninneomtion ny Imitlimi@d tOhity

partic 38 PO L B S FRBHO T L GhLF SHEhHTy SabpiHb STy gare aimed
at distiduliBaRStheetternafitd By pshestd IHL on@)m@Qﬁ%@leatfo@E‘ #B8Ave use of

shuf fl e of unl ocked codon positions and cal cul ate
high thrpgighput pzathods depean thiough the@enemes dlevarioas @mmet@d virus designs
| ncrease(? 0 adon- pai .. Sco tion

e 0

such as CRU?% g Iﬁ Jushiy ﬁ%ptmrl% L ul}og 1urf aliciﬁxiﬁuer)l% a%[da{o construct
chlmdf@sw pladigg d@@la@ﬁm@@OO%Wm%fémcﬂtaﬁywﬁisﬁﬂt@taWﬁco@mit See

wanted restriction site: .
Exarnple 11. The function of these chimeric viruses are then assayed. A finding that most
chimeras are slightly, but not drastically, less fit than wild type, as suggested by the
preliminary data disclosed herein, corroborates the “incremental loss of function” hypothesis,
wherein many deleterious mutations are distributed throughout the regions covered by the
chimeras. Conversely, a finding that most of the chimeras are similar or identical to wt,
whereas one or only a few chimeras are attenuated like the parental mutant, suggests that

there are relatively few positions in the sequence where mutation results in attenuation and

that attenuation at those positions is significant.
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if yes -> go to step (5) or correct the design by

replacing problematic regions wth w | dtype sequences
waeasgaovd step (8). [0143] 8. Synthesize DNA BELUSW0$058952

correspondi ng to virus design. [0144] 9. Create vira

ct an ss expressian: if too,.attenuated,
I‘Eﬁﬂiar SSghEIsAAT EXFERIP Ut e%emgaﬁsalrfgperfqrmegt Gicimtine how
codon eﬁ‘ﬁ%ﬁb&b@iﬁ Hédbtﬁh&ﬁfyﬂaatﬁ%et REA s@ab%my[aga 4Blndanse, 68d &pﬂﬁpomt the
(PERL script) a conputer based Sinul ated annealin
parametsys fhaeimpsir tmt@k@tldle df the @c-vixiagD8] vipal @@eome. An understanding of
PCT/ U 2008/.058952 . 46] Al.ternatively ne..can
the mefE T SR ATRAr R et SN Biey Bispp R DA e save

approdéh t@sa Bréadd@ngeomtiiuits eﬁndﬂdet%ﬁ@éi{laﬂﬂle McElRaam ﬂtﬁieﬂymg translatlon
wi thout a requirenent that the codons be swapped

1mpalﬁﬁ@mlseﬂf§l§méﬁ@ framashidting: otheran dadwisenge b@g}a%wctéanslate a different
readlr%har 1¢. tggl?ellrgtgxtg éa%]quTSﬁg] %15’1@ gﬁngx%@%h@%t?&%ttb% point where it

encoultegdart inrfpargdiftap codkinh oids {0 géﬁ)]meé?a:aﬂﬁmg thdAB rﬁlhtamesegmdnt from
[ reater detail in nmpl es, two synt het

. t
residug | h e S0 BOPPIRAY H%%§S‘EWCB‘&| ahg Igsz%}tCﬂalefJﬁleprgtngeband during in
vitro & ngfaﬁbﬂ%f %r&hﬁa‘(@l} QEMQ %9{1 n(EépéZ]?? b%!&) hl,ﬁh\é:/\a!/g?gy @thzsr gﬂlﬂs 2470

ias or altered co
fragmenn’ts timagoved PVOaewell msigs olsibity tdengitce pratedtiorc oftbn apvdl ipeotein, may

ot her virus uses deoptim zed codon. pairs. ch vir
reflech S8 SHeflFnhe A BRRCTRT CHilk FaoH e O St Pring bpipted. A
filter 0P a{fclﬁﬁm‘g'tthé/ infreductloB b Hambbie iRt GiePaRBP LR HAK AV B design
suggest that these viruses are attenuated because of

softwgreor translation. This finding, if correct, has
I mportant consequences. First, the reduced
[052hes More detagat mvedtigeaats ofitraunsatienat defette arnmntlucted using
defects at ndr ds of itions spre over t.he
Va“%?éﬁ UCTHITS! “}%a %nqtémﬁ@émno SPYeREe H%P@PHF“% gnd
lucifedsé H@agsedﬁﬁﬁlbﬂgrott&ny\”ak dEsepiBed ﬁ‘ln@xa%blé he virus is a
good arting point for either a live or killed

[%ﬁ%?{g%%déﬁﬁgpﬂﬂﬂ 4& ?Sh5?9ﬁ§ed fitness/virulence is

ditive e undreds of small defects

[6&45 r a%hli%t I tU fles a%rQ b gom% ho%\p ! Oh Iggc(illangms u {fer g i Vltraﬁ

reve

attenu@tie by S)AVTEJ $a&§e scEa&Dél.&Qi]on'Hla@ptghlzhﬁioﬂ @f tﬁﬁBh’&&pﬁ& dodlhgtreglon
t he resent |nvent|0n isS no

reVea]ﬁéWF@ﬁﬂ‘%rmﬁB@‘é igp thykiplogy @ﬁ Pb’rltsalfd é?Y IW .dﬁf@r%l%@mPEN /particle

o QREIAO A ORI SHAS1 50 A6y ST i, . i
any stomdoiimgthic ivfestidug ditfe oyrde befoal the cugdisbientruif grprbdhrcnug hdedtion
. thods ta scan thro s.of v
will I {6, A0St I 0B &8F- 3[;@@%% I heckeEniern! BipeBgs Rarisls: In the
case oT@/VLHIL 26h %qu}{ét%gﬁroaﬁgatbl@f 1098 E s\ & féﬁulr@d]f% tb&ult in one
construct chi meras pl aci hg overl appi ng 300- bp

infectpos tvon s afltueatde]imidokik avd Dasellni 26 la SehweadhareiifoghSée57). That
is, of 100 particles inoculated, only approximately one is likely to successfully complete all
steps at the level of receptor binding (step 1), followed by internalization and uncoating (step

2), initiation of genome translation (step 3), polyprotein translation (step 4), RNA replication

(step 5), and encapsidation of progeny (step 6).

[0155] In the infectious cycle of AB-type viruses described here, steps 1 and 2 should

be identical to a PV(M) infection as their capsids are identical. Likewise, identical 5’
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Exanpl e 11. The function of these chineric viruses are
then assayed. A finding that nost chineras are

W@ Rooghe1992 but not drastically, less fit than »ET/US2008/058952
type, as suggested by the prelimnary data discl osed

nontr%aﬁf%%r}s&%g%}%gf%f ¢ teﬁﬁﬂ@f weh ?ﬁé}n |03@é¥aﬂlala§0n complex (step

3). Vit @tw@at%l@t&ﬁls%ah rdrt Sthet hsRuehs t4t) it E@vefe%g H&Btated due to the
covered by t chi neras. Conversely, findi ng that

introdwreigan effa grha Immheeoﬁwbaptemgh synorymas cpdl@mtmcﬂaﬂ catpeidweglon (Figs.

5 and\%ﬂeftgsa t}gﬁé}ﬁlthaﬁul% rrﬁ:igea%%ct%\évg@? fﬁg{se caogiﬁrésr tip gransqgtlonai(
machlh@ﬂyaiahyd:S's}vﬁllﬁ%%fﬁ%hbd)s@ﬁ& dsNbyf the 1SAGBAESR 28h&H, @are aminoacyl-
nutation results in attenuation and that attenuation

tRNAgvilktpleslengrs 4o difbiys inte thy 4y site pre ghetribosampOAs poidexigggation to a
large ggg—l{ty?&q et%/bgﬁtﬁg ég‘ncekg'}t?o]n] dpf’%%alga T %ﬂﬁﬁlﬁgq)l QRﬁﬁagg%e%g%ﬁ%:e of an
mRNAQﬁiQﬂar@a'afe teeopt ammbmt@nleﬁgmem thRbitesifatanslatioh @hdtafsson et al.,

abundance, and to pinpoint the paranmeters that ippair .

2004); rAa{%q‘aéltVP]dne’E?FSStlY?eSt‘i‘lén% AGihs é@P&n@/maa caypg @Wtur&rﬂlssocwﬂon of
t

the r{HRAE6R LARMHCRSH0R o kA TRY Fsh 8 RS BecHrolell dgstined for

degraddien SAEh papersealehd tom lawsr patein ayrgkesof ratel ren s8RNA molecule per

) ot her, .concei vabl e hani sm under transl.ation
unit of " S hS Gt DaesEn B RO St Gh e s RSP T e
deoptfrﬁl%@ﬁﬁ%ep%'dé§rﬁlﬁleﬁ 3R ﬁ&@o%&bﬂh& @a88lhtiod, 88 Rchanistic

frame, generating a spurious, typically truncated
eXplammpm@Iv ibd @owlt: oFeotexapplait Mhéﬁ@ suggemdctb@ltrthe eensaryed

codo e PV ca
p051t1?R]§t ;;ﬁlre S?é% 0u1s rcg@qns-ﬁg 1Vér ﬁrb{—lA%at tlﬁ A
virus SRR VirRbibeal ilygbrt&cs Forthe gﬂﬁ)@r foldiay afth@ rn@ﬁc%hﬂpdl%t@tlde by
during in vitro translation of approximtely 42-44
introduEiag nSesssary ganggtjon ppﬁ&@Sa(ﬁmqhﬁfye@fl 591@35) Arserimghy, fgge-scale
[
aeraf OO o S PAEAAFEnc BB e B8 Pl e o
resulttifnen Oeedagd @ﬁmsfaiﬁecbcafpsldmbmfst event and this
possibility is also being investigated. A filter for

[@n58] di Wohdihe thddt cewbiddritdns @fsof Ayes HiefFVB s§d fs@9t tl8ar. If so, an
built into the SAVE de&ga'cl ¢% tware. 152] More
A4

altered| ghefioteng Wawe seveden eraec the|PM-SB) lgaeméfdtlgh theevt codons
were r%&qg&f B?t tHéll‘ g?mtl&?srthl% g?&ﬁ‘fﬁ'@éa‘ﬂ ﬁswérg Sétﬂﬁleﬂtgy %ﬂgec{] Othat i 18,

some pr I ng, oepr n

none d>ﬂme benpaﬁed pz&fsayﬁesaflodldl $t anthpapprepriste pastldlesf@,thlr@dcﬂ ta the
nple 12. [0153] Mol ecul ar biolo of poliovirus

proteip G%@PCWN P é£%8& BRCNgPEC Y Vi 428 Ol sABG RESD translated

andre‘ﬁﬁ&ﬁ@&‘hﬁﬂﬁd Q%\Jel/s ggp‘SB al attenuation by SAVE,

I'ar ge- scale odon zation of the PV capsid

ng t
B3 g B HicRRpso TR BGP P S hdo M lifey 10 [
desighsahayocrestp €ertifitons dﬁiﬁlﬁfaht-ﬂegay&e 8N Ackietts, i@k ab Eteblle aecondary
| ongst andi ng questi on. gen eral fallure at ¥
Struct%rtewré@ﬂqeﬁ@%tth@é nil%’flé’éiﬂg@d’ésr}lptf‘@ eyerags é‘f%liaéthlﬁém h other
]ﬁgunqu Sppent of a productive infection wll lead to
an abo t|ve i nfection and, therefore, to the dem se of

[6&%} ' n&t 3§ %sugleﬁ ok aﬁ Is?eps {)HOII to, Cand including, virus uncoating should be
unchanged when wt and the mutant viruses, described herein are compared. This is
supported by the observation that the eclipse period for all these isolates is similar (Fig. 3B).

The dramatic reduction in PFU/particle ratio is, therefore, likely to be a result of the reduced
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case of PV, it has been shown that approxi mately 100

virions are required to result in one infectious
we@r@at2iom cul tured cells (Joklik and Darnell, BOBUS2008/058952

Schwer dt and Fogh 1957). That is, of 100 particles

I nocul at.ed, roxi mately o is Jike to . .
transIgjf e R qf@%%%)@tl@ﬁ@daaepomg% éfs ! D5ngdiser Sl e pant viruses s
daﬁnﬁ§@@gﬁg%e¢w5ﬁyng (step 1), followed by internalization

nd uncoati ng step 2), initiation of genone

sl ' ;
[%5@“ ol s Bon PR theq A BSARRLA, IAAPEU Bl LEbEP
piconmwngm yof qsm@po 6/)1 O(IOQ]KEEc]kettle&SQ 1§ mﬁmtyc decbemnnqpkjjﬁstmfctural
AB- V|rus (gescrlbe here, st }sl |1?a]rdf oulg
alteratipny i Fepion g NRIERCTNRE Rt AT b fapho SEB&nEE The
forrna'tlgﬁ Bf i $5 O%arﬁélgﬁfﬂaﬁeﬁre hhﬁl%nfn'f&%bussma§%e 8 r%%gﬁélglgrjdg&%md the
CT/ US2008/ 058952 nontransl ated regi ons shoul
1nefﬁgg:cfymfmpbquals| igfepmyity (Hoghs S80d) Hafevar, icedns |vans owtants seem to

.. complex (step .3)..Viral polyprotein translatj.on, on
sidestfip At SRty o oo PRy B sur e Rl afc
obser‘l?eﬁloh@ﬁggdsﬂﬁg' mdu&hexqusaéntay BEERhistETRE! bOesSonRBRE foETEﬁe low
ynonynous codons in_the ca7p5| d region (Figs. 5 and
PFU/I@}”UCH?fatioilloﬁ@la%l{a@%&tﬂot h97epeat ed encounter of rare

codons by the translational nachinery causes stalling
[&60{ he Th pusertelategyrotye tlear ¢\adwlccjforr$aslsp@d;{entny1 |nteragtéons

am noacy] - .t R wll take |longer,to djf nt o.
betwegl v g”%?%}gt G5 ?‘%ﬁ%@éﬁ% thaiﬁieﬁ% ﬁPg get rsh teV ’08‘1‘7.€\1bupee‘Ot ¢
distinktaFIpaxtRFhtid 8f fHliovREs. PXs b eplieiterbRins @R pSliovirus are located
avai | abl e am noacyl -t RNA, dependence of an nRNA on

downsteeagn ofd}leor: tRRIRelypETIea ctlien etiticallgpensiton vacaehsfel aompletion of
P1 tra%glgtndcﬂ %(J)v%} %C?ﬁé }a?g chlslft~I 1ﬁ%{slazi‘loh ’thergfgpezll)oweél t}a%rsﬁagﬁ Xf llly
excessl ve S cause ure

replicati@s@o6icadsito Itheosfametehfbnt r ahis,| 1ﬁ&mmn111mWa&s<tofar@mldeh&aﬁﬁ\d&y of the
and result in a truncated protein destjined for

virus Wayriedhe essssapopdcgtiesda éhq osficelreguirgshfor eyplisamgnt of a
I
oS S PO RS0 U B o cn
innatepregrontgsp 88hidf cazlod aleptiraptionyiag édscnibafd.ﬂ&ﬁ*&na]ls élkely to effect
ned the rate of none. t.ran Iat ot he

det er e
transl%)&?éﬁes&qpe s&aga&watsre@ngedﬁaiﬁ igiiafg g st atluﬂarcan alko be a

poweS¥EIRh &atinktdcRasidagess wig9e8hEtkch RREwWA RS HRRGSHVE @he internal
positions of rare synonynous codons throughout the

ribosopal ghtry sipsindhe Sehue neeinastidgpatiippligviais (Bvitlus chzle 1893; 1985).
functional inportance for the proper folding of the
[0ed e nOnpthJ: o fi thesclrpnsiderbtiadun |1snlgreduet:edsha myany mutant

transl 0 ses (Sanchez et al
phenofyicy, .atfﬁ P‘ill ? Gigets %%ﬂnémeé’fap%‘?’é?l} Bfneaeslfv &eﬂ@nﬁ Gdlgation actually

rnamfgﬁ Mek‘e@ B Werﬁ%rmﬂ/ﬁﬁl%hé &N 9&i SRR, thhEsE a@ﬁ)’ﬂ% @s the
tes to r esul t in an increase of m sfol ded capsid

defectpnes;ﬂmlm 8n ifopk5&] chahet difsabotthesefecors i %iecealm abmestalllsseudies the

. a to the PV _caps S,.not
omni Y sty o Ut RaOEmstof ¥Espeits Sdeditiian iptbe spparent
virus f¥r B fea%hGited withWhb@ittibhen WiuCRe@nsion Wer Se. PTIES Bilay 86 an

but their positions throughout the capsid were
inherenppisfadtttyar hamgided wHhthe dfficulinsef eharederizing piows rrgpertics at
the snPéfg 1R8] f’ev%leﬁ{lgﬁ@alﬁ gnolgf sgcltryssageg clijcgf%pornoan Iﬂ%g éﬁgﬁl%’?ioﬁ 09 pell\ﬁlI tAhIOWGI‘
reado@d‘tﬁm@d SHoken fé@t\/@wiém syatBc i) RATA @ébhaﬁltﬁbIPVrrﬁﬂDpﬂoﬂﬂcﬂﬁinais @tkasured

in PFU) is taken at face value as an indicator of lower production on a per-cell basis, without
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and replicated at wild type levels (Fig. 3B). [0157]

Anot her possibility is that the | arge-scal e codon
wW@lkasn2mdons in the tested designs may creat ePCT/US2008/058952

fortui tous dom nant-negative RNA el enments, such as

.stabl e secon struc ure or S e
consi g B Ve PR 4 PG P ghe TORPET SRS R eItk Giter
produb@giviii§ isdbdaddeg. genonme. [0158] It is assunmed that al
steps prior to, and including, virus uncoating should

ungk, r -
L T BRG PRE AR, Mbaaian of urf]cRgs LIFARROn deoptjpized
virusds edicdtesthatathe imal tolfi @totmh @rc&hﬂcecpsﬁaermtelnd@ti parrodalfitinidseéseot
severql}z] a#ﬁat ed; g%l?er%;s elrrg{e eth’ié‘?%PB? as qe t%ﬁ%l{:ﬁﬁ}brgghgcle?in This is
reﬂecfeﬁ%ﬁ' ke Ria é/% g&ﬁ‘é@@f @ﬁEv%l%QQ&( ]b’)e]ags%gn that the virus has to go
CT/ Us2008/ transl ation capaC|ty of the
through_empta Rﬁ\lﬁserdplg@holmegcles toéujld wh elrtmmﬁdmtmplhdfar vihe proteant

| l
concof s, MB%%?F@EC?GP?M@PEQ&?Z% R seabRBrendispp in

establisBirigQ tbduddive MB@itn Bes Ak Bc éa/rl%rQﬂinEl@tléﬂ fatdO0he i 1ncorn1ng infecting
(Rueckert, 1985) is nmaminly determ ned é(y structural
Fpr

genomag is@pdcrdnas atrcsubieof thie kyras trapslaignmig tos P o@msrqtésenmh for
dlsablar%stgg cgli }a@t?v&aﬂle%h?l%es gﬁ#t Ii F:‘Ityr EB s AR TRY ng}o 4re, not

I Ous nay
synthésigedrat sm‘ﬁplrentt arbcahlltmtd pabethig d’ﬂ@(flfill hnlrdil by theflif oy dl@yiitkls enough.
infectivity l e, 2002). Howev e certain virus

Conscgyenht éh%%@rﬁ 'fteéter dogessios ,sheA:eHat? eliminatebairfpetiogpefore viral

rephc%&ml&id LS dnldekd Rrepeldicgfie 'Thﬁ@ el lfllie(ﬁhb&{ Fo(ft[ﬁa/du(:‘ﬁfve fAfection
servat 1 on suggesting that post - ent

eventsmscbduced amd theyatbef alaﬁpwmfd:dtlenﬁﬂmcﬁehﬁdl (H«bwever in the case where

PF article rati Dove and Rac e 199 0160

o codpgediatisit VA A bRV Han REa O OF Behds s LUt ploduce Rearly

1dent19a9 Sho8RLs oY ptddeRy %Ptthb AR tyPEt WREF c¥enf Hsta @ﬁgkteﬁftechﬁtaa fARGamental
uggest that these, and not pre-entry even

dlffer@t@ﬁmaymmé betoveeh eaﬂ}dtrmsula'ql@n (ﬁﬁwtbamcpmlne RYA gﬁnome) and late

Vi r y ot ej ns S
wansi R Rk Bre Rl e BB E b LR EhE BB Mgy cown
AlthoGigh thicabhy Ye depens ph@ﬁtﬁn&idﬁCﬁ sxﬁghtlbe%@ﬁwaaty iefpothnt if tHe case of

translation. Lowering the rate of P 1 translation

codon-groptimdged gcpomes Hoshgell shutefif verdy liely repuisiin @apyembundance of
free a&ﬁt?og%rﬂﬁl\fﬁ Sccl:lergggg %\geg% q:?é the;[ltﬂk)ﬁ%d e@feEtuJﬂl{le édbléﬁ 11¥1?hceodon
usagene GesBv lgyncn‘mj;l ol [omddr hase to&ohl’}ﬁtd’lﬁﬁh celrildr RM¢AsIforeanflation

est abl.i shnent of roductive infectjon, sug
resoures;t By dwin SctHpdt bf‘c@é}afoaorl%\mbéﬁrwaﬁmwvvl&% %\?é%&qlg?fia wivitro

translaﬁﬁlt slygt%lﬂ des&ﬁmth%reru? g—ﬂg nﬁ@;(}}sV#%A ﬁal‘fs@aﬁif?)ﬂ extracft that was not

deopti m zation, as d el n,
nucleasbftmted (bmcathss$ edritainedatel ubee n}d%l}siAs)jamdeiom ﬂlgqﬂemﬂntat wﬂh exogenous
ced I tiat

amin b G At SRUAET G SO G MRS i s 8 ifacipyghdifferen

capsmﬁd%%% rﬁ@tﬁntﬂu (AlEORSsel ddnbiSnd, Wirel §domet hPRSBMBIpeRIWvh cellular
site in the Sabin vaccine strains of poliovirus

mRNASH arkénvitenmant wherg o@plie9@s)limifad da poirest, e thgazidgionpl

translatl{]o%se%trca:lgtn 1811I vgzﬁlcﬁ‘ c?ogehmlls mklilA%rV?eclj’le %etn?odvetd '3%3 XYY tlﬂlﬂg a%d

amino acids were added, all PV RNAs translated equally well regardless of codon bias (Fig.
5A). These two different in vitro conditions may be analogous to in vivo translation during

the early and late phases in the PV-infected cell.
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phenotypes attributable to defects in genone

translation or early genone replication actually
worenesfizn2 t hensel ves by | owering PFU particl e PEE/USN8/058952

This woul d be the case as long as the defect results

i n increa i ce of abortiv ection. Since
l@fﬁ%@st Ogge ke ?1831 ﬁ re%fﬁh%tmﬁéeéﬁ? reﬁfl%ﬁﬁl@@ t%?és'eﬁlqe%the steps
durin% 18 phi ks iftetaedd a0 dRiikast valus GHOPEE/ a?tld'l@gllt'l%ta'ls%rlaﬂg@ly reflects
he "apparent virus titer is of ten equate with a
the virugdeapatitintol ayewiomgshost edientivioal rpgnonses,  Thid siggesys thet an

. inherent ¥itﬁpllftha fcar][.be.excuaﬁdtwitg tQF to have tak
PieorgVHYeRE A FELSFAER AL &M D A0 FUSSpieS e PR @ped) to have taken
the patthef @onghgesrﬁal berlo®¥that Las fgiakly reflfchtcdRERY $heddedl eﬁfectwely

on a |arge popul ation of cells. A lower readout of

responcheAg Hggiet shews sloping davn tgwtaﬁ@g rages oLy 3BV indty-om” >
(see FYJ -|6z §ea§£%g%ﬂbg@ @Oclgiﬁ o%ﬁ%glfsalt'ef (?fdaboirtﬂfe 15 '&1(51? ad @hgaed”‘fn th@FSver

specifpeihfaeality (Rigi 4D). Ritdroamtirusds A@a&ﬁﬂﬁhdﬁ&ﬂﬁ erhcate at the threshold of
PCT/ US2008/ 058952 consi deri nq t hat virus Eroduc

error ¢atasiroplt (Cragy ci7d-» ABY hrﬂolwﬂ‘ii Eleile KAk af the ipapold of

climirRHBHYE koLl E1Ps hitiviiaRUGEkos. | FHER et NERL platBI] ol
producti on o partic es per ce y co on- opt|n1zed

conscguangse®r thediatdaigesic q)hatotyﬂeeoﬁaqilaimUﬁmr dhe Icclllqiarmlhltmeaﬂ

procesiet Bepa DTnitE, aBekR e o gporsida BRio Beaeer dropligized
VlI'uS€I§ %?enncﬂ o8l ey hﬂderrﬁgé‘& %)res-ghi SP‘V ﬁasr l?é‘eh%ﬁ@)\@fii td Bbth 'i‘t?duce and
del ayed appear ance of be a sign t

inhibit al@pmsra@elmettab H93; Gltratmglal ntﬁ9é M%@pﬂt alc,alt9i96h Slrmlarly PV

C lar viru e'n
inerfGREE R ¢l Rl toh S Pee AL R ST BN P Bl Sl
plausibid tHSQSP R REthseré i @ldYratd df dartp ffRehd thansRELR btlﬂl HluOG aativiral

productive infection because the early translation

responsgs 81 1§ SR Wiak @b A yiup fisduqting of gearderes ind inkaigrancdby gefault) but
r.ot
then, g%e; tgﬁfzj\!vycﬁ%m s%tﬁleéég TE a ‘5&?}%&1 @5‘[ r?[pal Bf‘ﬁ]?}b\}t::’ r%‘l‘ﬂe‘% perbpe%ses This
scenafle spahbkiasrchsatit likélkeby optheteell nbseing 2ARsccanith f@GBR @)d aded
synt ized at suffjcjent anpunts taq pass t
cxplaigy E%P%eﬂﬁgrpgr:@mwat K the ndivdra] e %qE]@V%IkPV lefﬁewhls ficly to be an
all-or-%ﬂﬁ'@% HERbI¢nod. e rSteh LRIEEA s ?Hfﬁ@é%@ 11O B8 L&l Withifl a very
I'Tmhate the infection before v replication
close tombximahfanigel iraordet taloaswv produbgvaciefdctiomhus, t he
l'i kel i hood for productive infection events is reduced
[@GIed] t hettednatedfviadsoraictivie comipesitions) 1 s | ncreased.
However, in the case where a codon-deoptim zed virus
(6153 S UGE pRAehtinelingiaR bidVetds A8/a6@hd corhpisitioni forlmdwbihk a
produce nearly identical anpbunts of progeny to the
proteqme dmpyge resppse i a sebiect gamarising gay of theatterpatedndamendepribed
helrelnt df e%h%%&ceﬁﬁWc%%Pt&% @ﬁ?g early translat ' on (fr om

com n Iate transl ati on durlng

i,ve mhen transl atj on
Q%ﬂ B G tineffO%RS B aliReffiir ol M b LARRh R used to
elicit PRIMIRE AAmuhé rd¥p@it nbe s@g@& ok ed prévérRRLBj8afrd A bEddening
case of codon-deoptimn ze enonmes. Host cell shutoff

afflicte@ wjth| 4 \mer;ﬂsmsmd GISGaC.dh a@ne#ster%m@ﬁ sebjpqt in thederm of a
compg%}:['@}ﬁﬁ{:dtftl naﬁNAgr’anhé a gﬁ%a%gﬁ{c%ﬁﬁ%cggg\)eggﬁzeﬁg gﬁ%%r?a%gutlcally

[S) SU usage

accep’ta@l’egﬁ[’rlémm% wdl lameibehodetskilleelid theawt diiAscliidy, but are not limited
transl ation
to, one or more of 0.01-0.1M and preferably 0.05M phosphate buffer, phosphate-buffered

saline (PBS), or 0.9% saline. Such carriers also include aqueous or non-aqueous solutions,
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resources. This, in fact, nmay be anal ogous to
observations with the nodified in vitro translation

waymsamogescri bed herein (Fig. 5B). Using a tree®Usz008058952
extract that was not nucl ease-treated (and thus

cont ai ned ceIIuI r nmRNAs). and n t su ted w
suspeRsi e L ENUISIONS oA GRGOYS © lefsm e ‘afﬁ@gra C&#qeﬁ%?%ea%soluﬂons

emulsf¥tls &r @&%@ﬁs’l@rﬁ idlint BRd bHARSH RN IBARMKsOY neh-aguddus rs@l‘%nts are
capsi d design nutants. Under these conditions, viral

prOPYQ?elﬁ ahwssl, palyethytene ghyset, ecgitaliic oidd suchas olmﬂnAsand mnjacrtable organic

estersisic 4 qﬁ&i‘ﬁw %aé?n%elgf‘é%ﬁ%% Ii“glﬁd%%%‘f‘ hfof“ﬂ ?1“ Ringer’s

dextre3BARGRO L dECNAS W66, RITRYQLR Migeh’ @&ﬁﬁﬁ)&dtmweﬂ@nous
am no acids were added, all PV RNAs transl| ated equall% q
asc

vehichgg inclyde dhudanskautagnt sepleyislisra sleckplyte replanisharp such asvjaose

f c .
o Rl AR R S APPSR b i
such dshfor Bxampit egtiede, Csﬁbfose Gﬁan‘ﬂ@oE @&Bltdlz 1R, starch magnesium

PCT/ US2008/ 058952 [0163] One ke% flndln of the
stearafgs gelbyieseor GaNulpse deriyatives) Sodutm 63 DPIE andol@éwégmt gpgbonate. For
f

i B3 TG SR S FEL SR AR, o
compoésugonvis ipusferabpaont lytetl ovidvenaoorec Iﬂlmﬁdctane,l tbr ewmiplé, reatiers or partial

r on : h S su sts that, picornavjruses, are :
osters gg LGP R 24Pt B S G Ghe T HoweR P REP U Sgpbsarrier
such BNELiARPEA %bé thNANE t$ Pa!&ﬁﬁate ‘itﬁ?an@?atl e Pfere VPhathnaSeuiaRily

genones that can quickly replicate before the cell ‘can
accep@bfeeqatmar@ Fan furtbempemehrisasningreangaings offiowiliagyt pulltagecatowsh as

werid G Wb B ARDS o ler Bl BRE AP AR AR O RO 0GR

antim{cR§8&1L,| @ oRidarite bh @ EictdinigRgtite, Mﬁwe Enhadpethiefshélf life and/or
|nfect|V|ty (Fig. 4D). Picornaviruses apparently not
offectiyigngss 06 gici achiveingredigngs. t HicdHaNtEoBmosigpRyFane & ia stalldgien in the

o Dl PO L sy S0 P P P

after aindinigiratédn tdefsabgess. This ef fect may have prof ound
consequences for the pathogenic phenotype of a

[PI6TP BV Vatsous ERBog@hdntl ¥rth@iisiaki vatkine Ro@PESEES the attenuated
responsible for the increased rate of aborted

virus (lhﬁ@@tnpbwst@w@bﬂ@wr deopnihesis aed pigcessmeaital preteins in an
1nfectgc9 ?ﬁﬁ %f&? oéré%ﬁg%% grn‘ﬁ ﬁglgﬁltﬁts ggg&%ﬂg PGIP E(%IE%% c%ﬁ %E‘w‘clf Uﬁr}’l\{] ah&or (ii1)
exhlbﬁ@ﬁﬁ)St&@liﬂBﬂdW@f vidlon;spdQ80 infd@ivitk aly: et vials. ,In 1[19%) ernbodlrnents

Simlar] |nterfere wth the interferon pat hwa
the atfﬁg}u%@@ %45 ges RBUR S@ﬂ% g{“ h

gmune KR5peyse 1 g pst amrnal as the
corre Qh@nhpat a PVY with a reduced rate of early
Egeno translation still induces antiviral responses

gﬁ Tﬁﬁqﬁv&ﬁxgéﬁaggwlﬁl Uggglgie ﬁ&&tc ﬂng Epe%ﬁlﬁgﬁsgﬁaite% or

i nterferon

engme&[r@ltte iba psiyritsiesbsan dit@suacd el oradispotigié 1nai witd type host cell. Since
i nhibiting these processes. This scenario

the attpnyaed ydys £4H@O1 gIRY| N AYHH Ewﬂct fRe)dept celih dfri alhsghgelﬁ slspaydent on
e s R ARG IR P PS5 RPN 1 N OPAIRE oy
generdtonld vams f@lacane patdhctom. m’mmmnbmdlm\ﬂnts af thpimstaei modifidd cell

RNA synt heses |ikely .need to be within a.ve
line DB RS PARED SRGHOTHCIN TS WIoneresyPe ALt Gl e TS becn
altered ©fi8GEds8 e number of genes encoding rare tRNAS.
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[0164] Attenuated virus vacci ne conpositions [0165]
The present invention provides a vacci nhe conposition

WO 2008i12I992zi Ng a protective inmune response i NPEI/US2008/058952
subject conpri si ng any of the attenuated viruses

(BT o F Pretrian ppod B B B it €E b (Rmedh Lo, TCG

(Ser), %h&l euRtred). Vin'difer@ht ot dirfiMR S tone NwoVBeS1Ethvs&est thQe rare codons
elicit a prOteCtlve I mmune response in a SUbJ ect or to

are subttéutedtforasyswmrems fraqoentisedarsiinghe wfdl igpraredl Fartewample, all Leu

s- associ at ed di sea i dm ni ster ot )
codon i R FER R ThafieRaf T B o B RS T b Prsedp J oG e Pro
codon§ M HeSdhafiged tH MTGBREEUEL G S, SCCAPINATE, §rdlek bfd Pro codons may
Phar maceutical |y acceptable carriers are well known to

be replgrgd by $ha idprigfigdiarerredans; ol Lemdendad Psgeodons nigytbe changed to

1 e

CTA, 6['(%@?8 hC(_)éé(?,hrgﬁJyétb\%{lqg ap %n% Hgt 'eE_th%yf g?rgat%n éﬁhgpélé(vant
codon(%B%S)lestharOl % ,.3ad lthchaSgI@d'ltoCtHfE fair@ti(&ioak SOhus) tHeydeportion of

agueous or non-aqueous sol ut i ¥ VWO 2008/ 121992
Codonﬁeww%eﬂ@e%@% 28 181rs ﬁ%(vs 80 én)a 19%4 ofjthtetal aymberef
carriers include water, aIcohollc/aqueous sol uti ons,
emul si ons or suspensions, saline and buffered medi a.

S I [ . .

[mirgl ;?r? %eg{ayggtﬂg)/(?(g&%% thg%l B étﬁté aear Hta&?éﬁldg ‘hhe acgpmd region
of theofinuy ewledrt a haghctat'erqfemhabﬂl@ tsmgammporeat elhStisutembadiments, the

ethyl oleate, Parenteral vehicles include sodium

Substlt}moat piganags thiopghout fengets: dn ﬁa@ﬁt GreRadimegiss thegsl limg@ver-
expre ggtmglfHaP&hg?%tﬂqultea&ﬁ $Ringer's and fixed oils.

ntravenous vehicles inc ude fluid and nutri ent

BERL S BB AL ML LSRN RSPy AR cenuatea

codo

rose
viruses @egpibid haeﬁl ﬂ&m@tﬁ@@wrﬁpnm(ao *dentiB@hd cbdoas in @uBiple locations
such as, for exanple, glucose, sucrose, mannito

withinsgjlesst epe nqna@ﬁb@@ry P iof thearabgename. Sthicky qedans an be replaced
[
by syfisH Hr%";g 864 (BF LA ARG SIROARNS (B on RAY MBLAACBANALEN of the
identified cxxhnlns, adgb) sabstitotinga bynongmpuacwdioarfor ¢uch aﬁﬁsaﬂentlﬁed codons.
delivery, an agent or conposition is preferably
[0 mqrul &l edtam Ebadiments of ik isstadtacdtheds, stbEy (apxanl) arc gulded by
esters or partial esters of C6 to C22 fatty aci ds

a compyerpated glgpEighm é@fsSynéfr?awaAtt?pweqi Valrs EnA@atrttgoﬁ%VE) that pemnts
o8 SeadH By Snb i IR G DL ogon it
andeMmppmaﬁH&omarpmedswmamewnthHdbnnwhnﬁm ﬂhmEWmammumb$nwkms

Xi. | subst a ces su as . wetting or .
amotly e‘ar@rvgm ﬁ%zaé Ehids a tﬁ%@? a&r OBty GOWRISe ey Vs,
deopt§1’ﬁ§&i @tond Ad EHPAREAR coadtt R&Hsc RN &lcdndA Eﬂr&)fut‘é a@ﬁ@

and chelatlng agents, which enhance the shelf

dinuckentidoeonteitt.fEetd icownets svaskapping cading fremich gtrse@htlentsse dlmlémtion,
nt co osi.t.i ons as is well known in the

ﬁanmgpﬁS%§%°f89nﬁF@?gﬁm?‘ ggbto provi de qui ck, sustained

active |ngr dient after

rel e se of th
lfgﬁéﬁj i ?'gt ognes IS5 B8P s ac[heei@e}]bw g4 Yacsis of DNA
contaﬁmqﬁé MRS mBfis Edont Qﬂ/%od%ﬁ?ﬁﬁ@&&éﬁﬁﬁﬁﬁﬁ&ﬂ anthe %‘ﬁes'[q)onding

attenuated virus (1) does not substantially alter t
regiorsgfrithb gsicancawdh greoyedssingd ONAvi Indlirthpr ombodiments, therentire genome

is substituted with the synthesized DNA. In still further embodiments, a portion of the genome
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infected cell; (ii) produces simlar amounts of

virions per infected cell as w virus; and/or (iii)
W@200h21982 subst antial ly | ower virion-specific PCT/US2008/058952

infectivity than wt virus. In further enbodinents,

t he ated vir induces subst anti al | Iar
is subj e e TR v At DRI St it SaDodinty, s BLmsRA g
genonfd 1s_\ﬂ'15 md[c%@lﬁl%]regbhs invention also provides a

nodi f host [T line speC|aIIy i sol ated or

ne
A 2“ Ffifhy, P LS Bt pfon 20 AR, SOt e Pprorcctive
irnrnuad: teepom’e @ida wirbjerg compriahg gdowisterimptorthd sybiedt d ptopbelactically or
ceI S absoé tely.dependent o

therapgﬁtéaﬂm of eﬁféYepiqse SEFIY 1 e Viing moﬁltwwgscrﬁjﬁwea@g 4his

inven¥&H ¥sdh@Ride8Y hetRfd HRpRY¥ntldra dulbfect E@ﬁ‘ﬁfe@&ﬂnﬁ@ @i c¥dWigh a
for vacci ne production. Various enbodi ments of the

virus-psyetiatetl dmdsefqoad)meﬂgl adndinisteripg tontht sultj ectgrmonh’ylawncwy effective

wher ei t he of, s
dose o7 B0 B i s Ecind SRR PichSe PR ime s OB} B melnds, the
subje®@ MEOBEAExpAdeE tb K oghic Wi 098Hd2U982a pathogenic virus means
PCT/ US20038/ 05895 169] In preferred enbodi ments,
contagtryeithy the airag sshdhatriefection qosbstiieddt.f or Leu), TOG (Ser),
and CCG (Pro). In different enbodi nents, one, two, or
[@275] t hiTée iofentidreBetheaprovislos o nethalrfer delinsng thetamdetf arslowing the

nonynmous frequent codo in the vir enone. For. .
ratc oS RNIBH " Fl S o Mt it Gt Rl B SR comiigine
admidiQer§nlf¥o tRé éubﬁ@:i a GREPGL SR BRENANGBEf hey IR itdnt Piine

codons nmay be changed to the Leu and Ser, or Leu
COmpegHigor™r o, or Ser and Pro codons may be repl aced by the
identified rare codons; or all Leu, Ser, and Pro

[@l5ébns Arwecbbercihaﬁgiadnﬂs@ringf’r McafCglivame @OE any of the various

res t.ivel in.a single S rt action
methaf ARF SIS i Khoiirtd st skiteq sl e rmardutie iy bl
perfo&&@nﬂﬁ@xirﬁpkhﬁtrﬁﬁérﬁo&@ﬁg Ntractidbeall hﬁra@éﬂtﬁ@f bﬁi‘l‘l
codons substituted may be about 2 % 40% 8% or
transn1gosalbt sulivataneeusly, tiandsisrmaliy, injtrdomsallyp ollra(;]uscrlﬂardse tera¢atly,
paren%mf g?gﬂ%@l f’agh Hﬁgaf%ﬁeicﬁg b,\ii%ltrréul Ip \A%qf;érag , 1n‘rgag%onalltyéper%ca};({q éelly, or
ep1duialﬂ§1n Snadge M ori cBMPBSition A ralsdrtic. adhﬂm@ﬁeftarm afvheadidtpsict as for

the substitutions are nmade throughout the virus. In

pulmengpyt dgkordpisaupateistivcry t Admigistering AU gt fopmgsh &rsesample, once, a
0171] This
phudhﬁ%ﬁﬁ?%g%%wﬁk?ﬂg}%ﬁ%@@gﬁ%iﬁg&%@?ﬁﬁgd%f synt hesi zi ng
i[lo d Ethgl%ngtaté)%o cC tt ae-le)qmn\l/ I rﬁtl{rgsf%son%egl%l élros g}th cha%rb%ag%‘on&fn%hed for
exarnlble aat ddoigistaning Ialpmn@try ldegsdf aoneciRef & ﬁgiyéo@,tfﬁlww&t)ﬁﬁdr@rmltable
of the viral genone, which codons can be repl aced,

periodsf{HRg i aBe erolﬂeﬁssubms}letst@ﬁ@@tlﬁtrﬁloas el/hs et fr}é%qbl% period

of tlm?%emgtahﬁﬁﬁlgtgatloﬁg oPAERaQind 1tﬂ§y rd gﬁ{;%)é E&t@ﬁn@&’@ﬁ% ¢ dfled in
C) substit ynonynous €o or eac he

the ari dedtsi dsudty eothesder [0@ iﬁ%}al ecketotradmhe Miadiroent sivedtion is not

e instant netho e ) ar ui ded by
hmlteg g6 & aWaléaéHC‘gi‘rg‘B?é‘?ﬁﬁP‘f‘tﬁ ot %ﬁﬂ‘t‘éﬁ‘éi’ Pga‘iﬁ‘ Hped
Vi rus Engl neering (SAVE) that permts
[0178] A “subject” means any animal or artificially modified animal. Animals

include, but are not limited to, humans, non-human primates, cows, horses, sheep, pigs, dogs,
cats, rabbits, ferrets, rodents such as mice, rats and guinea pigs, and birds. Artificially

modified animals include, but are not limited to, SCID mice with human immune systems,
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design of a viral genonme by varying specified pattern

sets of deoptim zed codon distribution and/or
waele@pt2rdzed codon-pair distribution within pre¢EUS™A8/058952

l[imts. The invention al so provides a net hod wherein,

attern.sets alternati or .addi ti onal
and st EdhinBioty Sare e s s PGSR CDISS. na
preferdQORhBIT RS, BedeRcaal & ﬁum%r%?&%%’(ﬁbdﬁﬁ&ﬂ§5%r?ds PG
di nucl eoti de content, C+G content, overl appi ng codi ng
domesticated pouktysipedies, iinhuding, é)udnsttlnmtﬁsﬂttpmhlckeﬁr,awétsm flucks, and
sites, or any conbination thereof. [0173] In other
enbodlnents step (c) is achieved by de novo synthesis

cont.ai ni.n pnous codons and/ or don
I‘E‘zﬁw A rRIREaD Ofe B an BB F Vs gitBi: hen
adrnrrﬁsﬁ@re@ 010 5y Wit ﬁ)rbnte he vRNIThReEHF 80BNV dlickidh Wila virus-associated
enbodi nents, the entire genonme is substituted wth
disordeheanduens hethé sdedDMAimmune rdsponse dhat iperteanthodihiest fsgm dccoming

. tion.of the,. e 68 WD ,20Q8/.121992 : .

infoc By 1856 o AUAST R BOuRTaP TR e theos binst s ser

reduciaihe like1h6bd 6f e suls) Bét%dde@@rlﬁhﬁg infedted viAEH tht @RuQfor 1d¥Sening the
genone is the capsid coding region. [0174] In

hkelﬂmduqf fsrdisarpes” pmestantthy subisst, |bzmt feghvivaesldaprpterilyl af opst ten-
fold. %Lrl & eg 1 n?éc?ﬁ%s' & o, c'h?r%erhﬁ beSoHiRE ?r?l’eeted ezrt%%b&tn%%,t a two-fold
a nisterin otesubjca

reduc@dsromhyé Bkéllhbaﬂ oy tl&rsubjfehtﬁfeaﬂrﬁlﬂgi iafected vatH the virvewdaklaeafit in the
of the vacci ne conpositjons descri bed hereln Th|s
subJeqt rlal@eﬁg RO "aIcBcE 0h Deepsang infastedyith dhe Yrusy Sest Rigferably, a
P L DB L P teb nfunc respanse that completly
prevetth ¢heswbjoecfrom berapimgliaeticd al Ithe efdser tpraventsdiosensof ofahy disorder
of . the |nstant vacci ne conpositions. In enbodi nents of
“1ﬂw§H@eﬁ6@9§3%ethods the subject has been exposed to a
&&éhogenlc virus. " sed" pat hogeni ¢ virus
[W8%hs ~ Asawechibsreips ¢ h hﬁwaelwqaus CgerorRa IF ARBRTPER of a vaceine
I
that, v%%lﬂ glgf @ regi tP g%ﬁﬁéh a]-fgﬁgérc]ismér?r{]ﬁ gfrggrsdler‘é\%atﬂr?srf tv{l}éc‘ﬁ\ﬂrlg t@iccg}e is
effectmepglde&s iothe SOf)Jeet ani 1l’nm$ur&9rsspohsﬁ thelt @lu%ahesubyecato experience a
virus-jnfected SUbh g r|S|l% adnrnlsteglq% to
reductiffy TSTI5RR OF FHIOR G Ay aBfOeHE PYBPIABS e IHPTCATTF
embo&r%n{snﬁetcﬁﬂEnc\é%@ S\ Bsor8QIRAR bk @ﬁ%ptohﬁjtg Blov&sicd! Sﬁl%ther preferred
herein, "adm nistering” means delivering using any of
embomh@nwaﬂm@umedneth@dsfﬁndhdwdmvmd@rgysﬁeﬁsnknomn to
those skilled in the art. Adm nistering can be
(@811 or Cedainfeorbodiacmd ef, aniyrdf rt]aqoiestiamdn&mlﬂimtion and therapeutic

i ntracerebrall |ntraven , orally, . 1 ”
methadp Sl OB 1 A DG RE R B o iect Tstiineradiygnt. An “adjuvant
shall thB4d AHSIRR duktabll R RRWREHW BAE |1ﬂﬁmu§18§érﬁﬁ{y| ofran antigen and boosting

parenterally, via inplant, intrathecal |

an immpne edsporphan i seljedt, NumemiseisljumaﬂSJ mplupmglp@etrcmllam ddjyvants,

suitabfiel WA pafr i and Bud AR R Gl e s s Thgey of

combl fjuvaitshaifasalgede latarRElY kno%drmarheieegknr& i HE Suitable
performed, for exanple, once, a plurality of tines,

adjuveprgfasmuelptsracisheased vagsines eyel sl aperatdieited to, Quil A, imiquimod,

resiquimod, and interleukin-12 delivered in purified protein or nucleic acid form. Adjuvants

geese.

suitable for use with protein immunization include, but are not limited to, alum, Freund’s

incomplete adjuvant (FIA), saponin, Quil A, and QS-21.
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[0177] Eliciting a protective imune response in a

subj ect can be acconplished, for exanple, by
w@eawsnewdering a primary dose of a vacci ne to BCT/US2008/058952

subject, followed after a suitable period of tinme by

or re subsequent . adm ni stratians. of the vaccine.
R0 257 P &V5RYGY B BOvIERE b SaR LR g
attenuta{%@ v‘ﬁ% oF IR iARMtbRaTh Vit @@mﬁﬁ&& Irtl'iE Neduht¥d Ons, %lﬁhhlln%eutlcally
he art, and is usually on the order of several
accepm@&@m@, srosphisatohad pin m@*n@thnﬁb@aten@hfor ﬁlerv@t: thereof. In further
limted, however,. to a articular
embog e ey GH NG b n R B oy B R e ork ety
one oPM¥rednfli@iza ¥rudletd. fN6icathhy ofeinfsirBsl BaproRired vRrE® i§ desirable to
i nclude, but are not limted to, humans, non-hunman

immupize ﬁé}pétsaga@@%nurﬁmr% §1ffegﬁt§é§5)latgq (gfsa pa@@t@ger Vigiat g he invention
t
it B S S 50U Y 9, Sl B R 1 s
can piionfeude infbrthatimnehatas udeifutifbedirdcoing $Cl dantihiseatvdnt df thm&BSnuated
i mmune systens, 69 WD 2008/121992 PCT/ US2008/ 058952
viruse§nd CDI 55t g transgeni c mce expressing the human

oliovirus receptor CD155. In a preferred enbodi nent,
[A483] suB)feeurs.gt is taherupdersiped and ecetaddut Feitionyin thi peBCiples
of 1nv?1qt?ont I%%‘F %ESCFO%&? gaéﬁoge%%({eytiéfz&lgcsﬁ(gﬁeg I%ﬁ ﬁl%l a dein'?i% 1stf1lilttEn&]e%tthat such

modifiddfidRy ardtd s mphMb@Wﬁﬂhﬁﬁﬂhb yccfpfefoé tHd pt@sedOﬁleentldil ame following
of a vacci ne en adninistered t

Examg@@?&g{er Hhstatetls \plving}on, hﬁté@?ﬁﬂé Aobpe gnstacd 18 hmlt the scope of the
mvenﬁ'&{ v@a@ %éteﬂle% debErtions SPGIRLRE a%@é%g? suct e{kd[ﬁ&s%s

in subj ect an i ne response t protects
employadh Jlrethb cbnscbmcbelc ofmenqnbmmﬁtqﬂdsﬁddbyrahi’fectwnrafélosircells with viral

afflicted with.the dis Protectin he subj )
constieti RO ChA LI PRG. 1B OB toe RSB obtained
from ﬁﬁﬁé}ﬂhﬂﬂlﬂll@fﬁﬁ{seﬁcmtﬂg Salifbrydi 4. (md) 88 @Bhgé}l &the (1994) All
kel'i hood of the disorder's onset in’'the su
refereacGSIrJeqlslpnch\berémlade ingprpbeatedoinytheit entgatytbytreﬁrenfc@ Iudo tlﬁ@r
i ﬁ nple, if a subject has a 1% chance of beconing
applca ?Iécted with a virus, a two-fold reduction in the

[‘u @E %BE %8 lggqgediles }l;l o O(EJ%tBub ecgjr)n%%r; eﬂg{}r%ﬁéﬁoglt #@@gpthcatlon are
prov1d‘e|af!1@9?e Qb J? @rfeoéﬁbﬁﬁcétanE{n%dhé% Pﬁbréa’@@mﬁ It IS ainfD Stthe disclosures of

preferably, a prophylactically effective dose"
these pulilicerensi ane héreby uigprpotatechini thery ﬁt@lrcfeesﬂ:zyns&raﬂ@aunto this

sopliciPE Bef ety BhetGRpi OF b ey Bttt IRUIOREEE cBbppgas an

acknodlil &dpeARAt thhtbublh EorSieRtSie pridPirk fethY prds@di§Rlenfisn used
herein, a "therapeutically effectlve dose" is any

anmount of a vaccine that, when adm nistered to a

subject afflicted with EX&iMBEHdr against which the

vaccine is effective, induces in the subject an

[0¥8Hine Ree@@meingw&canﬁdu segion hEpelibjiauses by akiarieg redonebias

a reduction, rem ssion or regression of the disorder

[@X88] or Gells, vixusps, pissmitls, amddiaetaréad  enbodi nment s,

recurrence of the disorder and/or its synptons is

[(DISH‘Y enteda R19 el eonopiyefserdre thairahed innPiulbsscot v@odified Eagle
ect is cured of the disorder and/or its syr&ptglrlr%v

rnedlurn (I%MEM) supplemented with 10% bovine calf serum (BCS) at 3
infectious cDNA constructs are based on PV1(M) ¢cDNA clone pT7PVM (Cao et al., 1993;
van der Werf et al., 1986). Dicistronic reporter plasmids were constructed using pHRPF-Luc

(Zhao and Wimmer, 2001). Escherichia coli DH5a was used for plasmid transformation and
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[0181] Certain enbodi nents of any of the instant

i mruni zation and therapeutic nethods further conprise
wa@ewsnewdering to the subject at | east one adjRUEOS20085058952

"adj uvant" shall nean any agent suitable for

propagg e g Resn crera of e paiedon of et i mRieyesnyic 5 PFU
per cegdhﬂféat@a elld \K)%le BelubgicB RN DVl ab e, Béis}%mto_@,unﬁﬁwnté@@dee

or use with both protein- and nucl el c acid-base
cytopsthisaiffves(CPAN dvaseppayeit aoffor af dessi hilang redf-mfeativs. Mtehthree rounds

1t 1. Kk Ki. || ' 1 S
or ro i R e Bl S Toee VB R ERE g a0 Dbl Fflihueacion

and theRGpatH@antDedntah BN virisYiva dsdddor Rdihkr phssd g Lo diRsis.
resi qui nod, and interleukin-12 delivered in purified
[PFS8] €1 T168inD 0E b Rithe@CédhsiPFePiachienviBdicRitohfbePolteF
use with protei’n i nmunization include, but are not

replidonsi t ed to, alum Freund' s inconplete adjuvant (FlA),
saponin, Qil A and QS 21. 70 WD 2008/ 121992
[(ABY] USZ003 0 588h2e cIDNAZZdgnidnes spaw@ng tlergeabmo bptwineh desleotides

a kjt for | ni.zati on of suhj ect wit n _attenuate
195 i 3436, a%m?chg}Jaﬁéeﬁ?ﬁ,iw.e S&ﬂ%@e%e? §Binstans Deemtec oty (hiue
HerorPBRRHUARSIES )V ipPNSSDANR RRVIRBE:E Gahdrited BE 6L AR tRe replacement

carrier, an applicator, and an instructional material
cassetfasriranntheusaderheclemhyg veetor by Pkl digestiadindansestiort imgo the pT7PVM

vectof g R Gol PR MR, PGl AT pEatomold - " anc

pPV-ABHEEtNaRronRaitd U if¥BXinRQ Mhef RloRtbn\beiENhél-E®RI fragment,
desirable to immuni ze a host agai nst a nunber of

respelivelye frept PR\ eV Bainés c@fally digester odlBY My veatey. ITpBV-AB**** and
\ Rywsentd [ ' j t..a
pPV-pfioan ¢ SRy B AR TR b g5
replace@thepegpétithe RapmdndbOhepPVoABtatori Replagfnibnt bOthe Nhel-EcoRI
directi ng the,adm nistration of the attenuated,,.. .
fragmgntqf Ry -AP0183] vorh bateisd 7PMM resutted BepRivrdét st ood Famally,
5 | i e\ BRATIRGHG :
rep I S B g B e b PR M oge
anothémrprotecdpP VahB> T T°1 and pP¥raiBd Chatrespectivelyrodi f i cat i ons
are to be included within the scope of the present
[0190¢Nt ICdshind BeditBirbtivird@ricEX@RPLES wihaklbédogiplishddust fidt e
) the i nvention, but should not be construed to limt
introdugiag ¢ sypt retationein nHRAI 1o RY pite-dlisotebiputagetesis| using
oligofERBHUR IR EPUEMARIC) TRLDRCT LN O LiTRe
lucifetasanpdnerct diog frafnchand tgeahte pdilivckmB. r Bhe capeidstgitnd ¢f pT7PVM,

lsyimer ase i nLLHeaction CR),..and i nol ogi cal
PPV-RBehnt qutd pﬁ’gﬁ@é "obt &t FCR P et Bonictediies RI-2A-
let(%Z/b!lbv@-QNI@RS}. ORI G cSas ek ERt70-aRe , {{IPRAN AN o ypy_
[igan et al. (1994). Al Treferences nentioned
AB whieragiplifed evitnR b2 p et latte'd/R 1A B-B AR I(ehot Rle2 A-RyWB(e)/8t ABe2A-

into t.his lication. [01 . | detai.ls for the .
RIC) st bR Rabf Bl Ve e u Mbestl Sl s S Affp gmiaue
EcoRBSif in pUMMcABRI @ rebiDEingyid L PV hRliBReais! | 8l piiLuc-AB> 2%,

i mmzq;oggggl y.preceding the clainms. The di scl osures of
pdiLuetfdd'e "publpddatcrOBs  ar e, Aidmabyuc ABoreppacivels- i n t hei r
entireties by reference into this
[0191] Oligonucleotides

[0192] The following oligonucleotides were used:

Fluc-mutRI(+), 5'-GCACTGATAATGAACTCCTCTGGATCTACTGG-3' (SEQ ID NO:6);
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application. However, the citation of a reference
herein shoul d not be construed as an acknow edgenent

W@ b@s/1319¢h reference is prior art to the presePCT/US2008/058952
i nvention. EXAMPLE 1 [0185] Re-engi neering of capsid

Fuc-pgiE ). $ioCRBIRG SRR AR TR EG v S favo:

RI- zAcpi\th(mprgQI ayers were numintained in Dul becco's nodified
Eagl e " nmedi um (DVEM suppl emrented with 10% bovi ne cal f
CAA@éMmQ(mC&A(BAYDAC@GT(FQTCAﬂCeT:TT%@CAQ%AAMT@GGﬁ'

CDNA cl one pT7PVM (Cao et al.
(SEQ?@&%@%%&)@&PX\%QMSM al., 1986). Dicistronic
CAAGAPATI(RITGA SN UST ME G& TROSTANG EA TS UG OARRAAGTAGG-3

Zhao and W rmer, 2001). Escherichia coli DH5a was

(SEQ&Q%O%rPWa%%nR&G)r%nsfor mation and 71 WD 2008/ 121992
e R R PR AT G KBRS SR oy

PlABpl%-RI(eJr)L 5-THEeaadr CBCC A TWEIGTCGTTAAATC TTT OVEMGAPAACG-3’
at 37C until conplete cytopathic effect (CPE) was
(SEQAIB PdM- or for at least 4 days post-infection. After
three rounds of freezi and thaw ng, the lysate was
[@1931 i f il diteg tr@éﬁ¢rllﬂéb’r$'§f18914 aansfeeléen centri f ugat i on
and t he supernatant, containing the virus, was used
[0194] f uDriven bp dlss Bgprognaser, Apgloy £icsRI-[i@qa8i8§:d BlagmidigNaf were

ranscR] PEQRRTDBRBIFAS (S GBS dONA ' o RGP Eres o

dicistioRR tBRREHR RIA YRS sditeltraticeen’ Ht9a raNt-HS3P a 3B§ﬁiﬁdd1§£?eter
and AB, were synthesized using GeneMaker(r) technol ogy

plate gq@pygéng taer madiBreicact s BENE-dexen arsthadd vePdergerfet al., 1986).
Follox?ﬁlgearﬁ)t f%uﬁ 10% ap fro%gn te[}%e aglﬁrl gﬁ? %ﬁﬂ%&latan%%éagtrérﬁg gdra(ﬂm cells

vendor s C onit ng vec estion an

were inogigitdd &B7P®ﬁ102 tﬂ’l@f DT\ZPM\&onVﬁmh@ % BCﬂhﬂnﬁhCPE%ppeared or the
correspondi ng fragnent had been renoved. pPV-AB
cells weg frpgqns.“ Sy p%bvmﬁéeczm dorygBerpapweHIg: A iHEditgyy were determined

L
by st BFERNS af PO SRR PhrE BT S AT ea ol 4 E Bomin
gum (S@maoAldrich) thﬁn,ﬁBalJEa]g:Be ®388Gmand pPV- AB 755- 2470 the
Bsm fragnent or Nhel-EcoR fragnment of pT7PVM

[0B®SpecDevigh)nd syfitHesic 8 codvh-despiaized polisvaanesnt of the
pPV- AB vector. Replacenent of the Nhel-EcoRl fragment

®f96PPVTAR difd3nB38Bnyhédl dndad fkd FyRdviRs wh teagkid Fe
[p V!)AB 2470- 331816@% Irléélillhl Y, " rég%%erregt of1 t he phil Region were

produgkth BichEgoyRmetl Poagimféfrrtslst dspigp PWicaB. Th7 @esg@equdnnpwlww capsid,
one ced PV- AB 2954- 3386 and .pPV; Al
o e 0 b 30t DR DB PP Py SR SRR 57 R BRI from
the PV @purh@sr eplaséd with sxdgaﬁows‘éqmcbmmommﬁ&ﬁ@ replication of the
introducing a silent nmutation in pHRPF-L

resultiggrsab-wenqipicaeplipgn Alpdaesnand Mofgpow, cﬂoi()golﬁﬁé%%ﬁq Rigggnicllo, 1988).
Itis tlfekééf&%ei"q:ﬁtét]p lcéﬁgl{l i Gio THERhfifidd ér8c1g%@&1§to?§1Rﬁ“A()5lsm§htts Grd Beated

in the capsid region, which might be affected inadvertently by modulation of the RNA

sequence.

[0197]  The first design (PV-SD) sought to maximize the number of RNA base
changes while preserving the exact codon usage distribution of the wild type P1 region (Fig.
1). To achieve this, synonymous codon positions were exchanged for each amino acid by

finding a maximum weight bipartite match (Gabow, 1973) between the positions and the
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| uci ferase open reading frame and generate pdiLuc-nRl.
The capsid regions of pT7PVM pPV-AB 1513-2470, and
WQRWSABIINT70- 2954 were PCR anplified using PCT/US2008/058952
ol i gonucl eotides RI-2A- Plw(+)/PIwt-2A-RI(-). Capsid
codong eerg\%lee\%@&fgh e épréthq% c?q%i%%pglg% I;Xh@?a?zg 456;33 gl?a%ggsrbetween

the oﬂ%@hagéo@n(atﬂd tRE s F}Rbn%‘ﬁoﬁ)s ¢andBat) dodoh 1B P?a@e itRTG6-avoid any

respectively. roducts were digested wth EcoRl
positigirad bias St thg mqﬁ@l@n@alggmhm; ﬁl@gﬁe'noﬁgnﬂs oo lacations were randomly

permi] pfieRianbg ExGB spih Bl dsBfons Bt A5 CRIREY v&orda.
Rothbiefli*$ HaxMRAD Biaa 8 thatch HCRIZbA € SID8S| Wi ehitd h
* ié)§191 XO | gloflpjcl eotaltdgékl?d%gz cThe f%l I ovx% ng fo compute the

match@}g g@ﬁﬂ@ll afdtlivgeld! siristion eeeynm sites.ragelRp awyleotides, were locked in

e B AT T ISR TAT ot 0 BB e coson

shufﬂﬁig—t%ﬁﬁ%@%ﬁﬁ%@@éﬁi@%ﬁ&'ﬁT%@fcﬁ@nSites(tﬁE@hbﬁldhd@fél)ably
R-2A-P 1 wt(+),
remalwwv@mé@mmm@év@%ﬁwmgﬁwt@

sequegéAc%E%AgA ﬂ?rt CCII§ CéA &%&%ﬁ%@rs to climinate the umchsur sites. This

result¢dSiEQ@n| A0d MON8) ninPsympon et ¢odpn cBanges that slightly altered the codon
el ST G CCAATOTCETCAATCCTICETCE ACAGE 8 (SEQ D1 e
the wad ty&@&@x‘éﬂ@ﬁ@%lﬁ@@f&%ﬂé%@ﬁ @@Iﬂﬁﬂé’e‘%{é@s han '\IE(:@EQhe PV-

0193] In vitro transcri ption and
SD capmémi@men wh@n cpmmqi tcuimv@rPlkﬂﬁune Whllp myighiemg the gienflcal

protetar AETRSESPRARA R Bl TAG.  AFIEH BT Llee v

not chxh&dd) Hea®T @bntéht'iH $heOPVMISDicapdi@Bbding k&fushdd iefnafid ideasical to
used to transfect 106 HeLa R19 cells on a

that ingthe wrhatift¥ret er  plate according to a nodification of
t he DEAE-dextran method (van der Werf et al., 1986).
[F98] owiTihg sq:OB@ dedign.iMedbasought &t dgimally ehpge dharaslon ubege

distri@%%ne rogg tzt g/?s G emx@ﬁld%qgﬁl ﬁzgs @u@]&gd ﬁ/ltrlre]{::eu t@%g su?g‘igesting

that céRMEAsLeay BhpdchBssu68pdcsfiveipeeskion Pldtidn @81S 2004). The desired
post-transfection for further passagi ng Virus titers

codonyspge disridpHOmEds desyvedtfeamy ﬁxedn%t aafaéorab Spdens agseryeRima
prev1oq{§ l%cfe &%eﬂ%ﬁaodffb?gh%%élﬂwgé{& n’éﬁglﬁg ag ?ré/% ﬁ&ﬁﬁ%‘é}gg 2004). A

capmdlaﬁjlmegm mm@h@sslsedlﬁanﬁdmg dﬁﬁmhgd‘ﬂﬂtbdrdﬁ@]t Eynonk e as codon
[0196] Tvvo di fferent synonypmous encodi ngs of .the
for eaply parggylagamipe a&%.O@SW?ﬁ Brinigspteo! gﬁP%@b&’e@ Sdagsrfor all amino

acids B@Vdnke QEgu)q}fe Birddk 85 &Atin SBsA Q&Tgs'bbﬁcfsrtb fhe A&t dRRBLYABong all

were I'Tm'ted tOt ecapS|
human genes at large, in effect this design would be expected to discriminate against

expression in other human tissues as well. Altogether, the PV-AB capsid differs from the wt
capsid in 680 nucleotide positions (see Fig. 2). The GC content in the PVM-AB capsid
region was reduced to 43% compared to 49% in the wt.

EXAMPLE 2

[0199] Effects of codon-deoptimization on growth and infectivity of polioviruses

[0200] Determination of virus titer by infected focus assay
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as it has been conclusively shown that the entire
capsi d codi ng sequence can be deleted from the PV
w@eene19er replaced with exogenous sequences WETIO81008/058952
affecting replication of the resulting sub-genomc
iC Johansen and Morrow, 2000; Kapl a
(eI iqlnfr:%mw@és Jorkp 10t e Bpalciv e bt o et
mcubmbnu Hie‘iﬁarghéafnﬂ?gurﬁ V&I R) Wi SRR PEM tﬁé\%eﬁk W@Fe%ésh%& Bvice with
| ocated in e capsid region, which mght be affected

phOSphﬁff&dWéﬁ@t@rﬂﬂh @Sg@ddl faed Wﬂth®bldt methﬂﬁw acgfenonge min. r\]’Vells
wore G BP9 Y R U B A Sy o

anti-300E6Ike USR BRI oAb SAntibBE 1292 Qf(Pilh%t w4, 11998 yie 1 Rlat B@UT OAfter
1). To achieve this, synonynous codon positions

Fi
washug‘grcgll@W@mﬁg@@tqddyltl@h@tﬁergmm gergzgdgsebl)abelpqi geHt ggtignouse antibody

(Jack{gﬁ)ﬂn OSIOPE%e%EEthaﬁ%égfﬁH\% P%%&%&gﬁeglggﬁ&/%@\)mﬁ%%&&g Vector

VIP sﬁ’&éT#atdSﬂO@&#cQﬁ&%Bé’ratdtﬂd,CBl&lmgm € A)hStairedfolci, afhicvad equivalent

posi ti on-codon pair is the nunber of base changes

to plagieas\petpned; wigh wi w@wn Aere WO dare e R 6%19%&% as in the plaque
andigate codon to replace it. To avoid any

assaygosn tl?[gnal bias fromthe matchi ng al gor it hm t he

[@o;zgnym%ncd%gga% %oli%i?ug‘éesr(ﬁsﬂl%&i R Pl Gkypes

re creatin oca rons

AT 5 s et B ?Efﬁ%}%%ﬁg Ry S e R E bl s

produt&PviabB ek NG contrb @l @ vigble Iruy Ak wWeot @88 ot folNinQBganaent
sites, each 6 nucl eoti des, were locked in the vira

transfegsionprivithdtrévt BNg cxen Qféﬁf toee pands of prasaging(Fih S Edolienpeared
ffl h
L R e e

portloﬁ!a ofithd PV- Qma@bﬂd)éodlﬁlg FeduEntivetesubelotidiintoethe PVI(RY background
reconstituted full-length genome. For this reason, 2054.
to redyegthie detsingatel effeethef the mee@@&é@dmdwbé}ﬂth%%c @aﬁdo%\é-AB

3386 plroglé GUICBIAS £ aHBER NRAGFFelors Jﬁl% PVAES lmeﬁﬁ‘& RN
| 0]

tional nine synonynous codon changes that slightly
requiradl bee edwohelddteehpasfages) (idloeyngliratsfécbion | rospecttioshe (@mparal to 24

odan, had | ue changed by.nore than over
h for R V1l (e Y‘Wi g‘@%{%@ﬂ@@/ HHGHC FEFIC VT ot G pubctones
with tﬁé srhalB4BpAHEhESt thd §§glﬁﬁ‘l@@9 %queﬁcé hg oBéérva%Bn(‘sﬁggésgng a direct

desi gn en conpared to PI sequence
correlpaombeaivea¢midye mhmbmdtacmomp@tferrqdr@tiemsrm@etw &mmees afithe mgus.
capsid coding donmain (see Figs. 1 and 2). As the codon
[20dpe Was- stdpcgrowﬁalrigﬁcb,s of hig viablecntsevatiants wiehed dRdiviid by

codi.n ce.re d.id I.C to that in
infoctfolet B0} TSP efﬂﬁaoraﬁ\ﬂbéwafj W%ﬂ%&dﬁ%ﬁ%
obtaire® aﬁE@@HaQﬂdrﬂ OFW&%Séé%@ fARRAR REBYRanMSbh (BYL 39N The MOI
over the w P 1 region.” This design was influenced by

was cln@@e |dtle toothk s tjtpe of PHgABf‘”O it eod tnelbhiaste g ndedgacturther
t_al

f ki 2004) . .Th
passaip® Fotiir R B e Sor bR BRLR Mtk e g ish MR chngififs vsed.

all viri®sthal @fcﬂi‘ﬁ@écﬁ&ﬂrﬁpla@%@ ASarAREPIME A PEDyR4 PEE QVviiegion.
descri bed set of brain-specific genes (Hsiao et al.

(B Beobikd 9B48indd-poinfRAthkion&in its capsid region, PV-SD rephcated at

wt capacity (Fig. 3B) and produced similarly sized plaques as the wt (Fig. 3D). While PV-
AR+3386

grew with near-wild type kinetics (Fig. 3B), PV-AB">"*"* produced minute
plaques and approximately 22-fold less infectious virus (Fig2. 3B and F, respectively).
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capsi d coding regi on was synthesi zed maxi m zi ng the

usage of the rarest synonynous codon for each
w@a0osiizigbar ami no aci d as observed in this setPCHUS®NEBSS952

(Fig. 1). Since for all amno acids but one (Leu) the

Althol S5 1 aShGhE i bk e it FERES oeiCmp Eed oo fo4P G e
after 20120 Hhepexpger et HQqdiSIGld ﬁn'upﬁg % AP the BRAKBASHORE

in other human tissues as wel together, the PV-AB
standayd priqde dishy €rig. Fiprtiheirys wascthprefate gnad8ed neink @dbéuseforming

sssay Qo LR e Elterdd s o SORAE ol ool Ffaicions

were édiitaMaftcERdYRld daihfd BRhukdHigettenitally with antibodies to the viral
codon-deopti m zati on on growth and infectivit

polyn}%ﬁ}Sﬁ W g 86). Pdrodd hpéifeetional VonBot Vi ﬁtm@ctpg f(gr]rci uppally
. i 7 .
involys{leRRLEH b iiiasas B Yol TN AR 4 B89 Giameter 07 0.2 10 0,3 .

compa@ed tahaan @laguadive tiressaFigsARC and 8. dlowéeh afddr an additional 24 h,
dncubation, .the tragacanth gum overl ay was renoved and
the digmegtened the fogs pereaaehaanifiGintly (#ite B mBhbigppdl eWisgn Hsf-agells were
: E 5-18h b e0R A 0t2454 lcG€
mfeCtgdngﬁH%.\( 5\&%?? S \%fe({r %ng ocked ?%ng\é[gﬁ tcozﬁtn%!eni ng&p%g%/{)ezé%%tween 12
and 18§ blahdBedd Bydayscedpattivetly, wothamd 1o 20 vt tht ma@lacf not shown).
anti - 3D nouse nonocl onal antibody 125.2.3 (Paul et
[6206] 1998)def orqubntifyathe Suulafid effect WAS parfigulac&dos bivsrie a
i ncubated with horseradi sh peroxi dase-| abel ed goat

proteig gpdingraeienes £irplaye cadgn draBmirHiATBReEsEdrieh wapggiculated,
whichG% g;égmpgl\%%iﬁé‘gﬁgéﬂé antei@sg Iﬂ’{% chSral B dfon it onGH téSughn genome.

Vect or stra Vect or Laboratories,
An REDI bf hgedos, indiddtes iata ped Hhcws thetmocthaldrenaagodoafreqiencies,

.. to plaques.obtained Wyth wt Vvirus, re co . .an
while Ry DGR BB el hidar Sodonipi e dn SOHC LY gt than 1
The RRITPGEHAWBived 8402Ih-PodRNadeopt i m zed polioviruses

di spl ay severe growth phenotypes [0203] O the two

initial capgi 0 SOl _ Sl [ 3A), only
PV-SD pr odﬁ@éﬁ%ﬁ@?@@@ﬁ@ﬂ@c&%f?%g ,6921'0 vi abl e
RS S b R S RE L Ao A3 PP Dbauengeofsagh gadon o
of all Sfnopgmsagedtivns Frghe Sime anhiho abildé{alt@ d); a.hak tih®reabemhtive
bias_introduced into the PV-AB genone was too severe.
frequepgy obsesyigl indhe hyspgn gwpmestt cpifecapign ABUicof 34l synewyemaiyy codons for
that a&ﬁg)l"a%%@h(g@ﬂgglt)syg &0 ﬁﬁg}g?rtoq otcag'fé?%[%\@f tﬁ@[(‘c%gélpyﬂdtge géﬁuence;

reduce Tinenta ects e nonpreferre
and Nagthenstal Aimbdred eodund ¢hdromescidR)VinAB2 Sahen@®386 pr oduced
CPE 40 h after RNA transfection, while PV-AB755-1513

[6208] PVTABR 4 10g2RaAberlof it Cedbrl e a 9&quicee @eldistih @madher index.
. passages follow ng transfection, respectively
Usingthis fpapde thoRePI vRlueypf thy yatipysrapsig soding gequences were calculated

to be | 14 85,85 nf P\t’-@%s\@hl%ﬂ iiWerr#rgo& [P fonaf RUGSE &tstrzﬁtl)tﬂﬁon. The
three subclones wth the s est _portions of the

RCDIoralgs tiad th&R Bsequengearcdrnofos BVWABI 01T 'S5 uggest PHeAR™ 7 and
di t [

6.51 ferl&rﬁlg %greg%g 5&%@? :Flgg @glg]tp%%%{qhtég &Cﬂﬁg&? £ro%£b19 ?I?Gp‘tge%{ lgnrorwendcodon-

optimized protein, “humanized” green fluorescent protein (GFP), was 1.31 compared to an

RCDI of 1.68 for the original Aequora victoria gfp gene (Zolotukhin et al., 1996). According

to these calculations, a capsid coding sequence with an RCDI of < 2 is associated with a

76



[0204] One-step grow h kinetics of all viable virus
variants were determ ned by infecting HeLa nonol ayers
wa@roog/ 1zt i plicity of infection (MJ) of 2 w tPCTUS2N8/058952
cell lysates obtained after a maxi mum of two passages

visble s BHer g & WRan ROSLA'Co? (0 S Aa PO A6 and 141 PV-

AB755@|47|0mj‘@lt)@estu'l}@lr{‘@%%aflﬁﬁetfowﬂeher passagi ng required for
concentrating and purifying the inoculum Under the

conditions used, all viruses had produced conpl ete or

near conpl ete CPE by 24EXAMBLEBnfection. [0205]

Despite 934 single-point nmutations in its capsid

[0208i on EffevtsSD cpepi-ieepitadization wh spegific infyct{viygpf p@Bpviansks

produced simlarly sized plaques as the wt (Fig. 3D)

[0¥1i0] € MibleAB2OGUam TR tigh @fvivial pamizies: direct OPRE absorbance

kinetics (Fig. 3B), PV-AB755-1513 produced m nute
‘nthﬁ?aques and approximately 22-fold | ess |nfect|ous

Vi rus %FIgZ 3B and F, regggFtlvee%

[0238/ 1 P109p-cpuneispdigBs@s B a colly ¢hiv hceélbl werg gnfegiad avith

AL i g By L A L e R

(overfiplacueeshs dtdagd)l Gﬁﬂ%socﬁahed Glmﬁs elasadfbyttheee s&&c&ﬁtd@d filecze/thaw
pl aque assay (Fig is virus was theref

cycley J%ﬁql( lypat %%W@@.C#@re& %29 JQiry Qﬁ%ﬂﬁ@‘ug%@gégﬂ 0PpQ XMOQHWF% by 2

secon@flo 'n'ﬁ%%%ﬁﬁeﬁ‘uﬁﬁbh t M O®T x 6%t Phnid. ﬁ{a;pa‘ﬁ'?s %&g%cubated for 1 h

pl ague assay” conditi’ons “were count ter they we
at roost tampelraturmmtﬂle prestioehod H0 gl thiyR WatehA aRochiop thi digest any bpetrawral or

cotatf S, e 4B0laB o5 sl dpdicalafia GBS gl amy EDTA. vins
contalhﬁlg?gﬁﬁﬂaﬁﬁﬂsxxzetr@ Bocria@d YA @frﬁfjs%cR;SG Gﬁ"slhhoﬁl ((36‘V<quc?b& ui"Hﬁlliks

us dianeter of 0.2 to O. onpar ed
balangsidzsglieslufion [HIBSS nviEo g, C@ldsbaddC@) meﬁles wreteeaedmmnted

addi t.i.onal 24 di anet er rea
by u SRRk A 4ot A Do R R erey 2R G R DR GRRE
Super@bits weid @iséaeebdMndite MV A0beskbdrd riabell tRVcABRK HBSAOHile leaving
at an MJ of 1, the CPE appeared between 12 and 18 h

the sugioge Qushid intagiayAfterremged wof (e 1§st Vteéhﬁaqi g sueroge pushijonpvirus

pellet% ﬁ%re"}‘e&%?éﬂeﬁ N PZEF ec nfn[gg@ gg;lr § )3 u cﬁ g%{Mt Xa%ﬁﬂ; Ynfectlous

cunu ve e af codon bi as
titers Wéfﬁc&tdﬂmﬁtedlhy@laﬁﬁwsmﬂnfeateﬂ&batsla\%@y((mizoﬂbove). Virus partlcle
deopti m zation in was cal cul ated, __which is
Conceatr@&% AYCAS flsferpa mte a%"élP 52D $neEtreRhniaag e dlgALrop

Techtﬁi)'l és' ﬁfét hyp mﬁr&t&h%@%?ﬁﬁ ;ﬁ\gﬂ nsit m@ﬁz@h %Dz%@%ggeﬁculated

Cat eS t at a gen
using ﬁheefquemlaﬂeﬁD%o whit Fed. éhmw qmrtaﬂes«inl dﬂuankdrhé%@r fmhddition, virion

o AP SR B R Bt oo,
extradtioh ( RINZ2d&s Efihnol Nrddipittdd andFeduBp Aol iBdtraplO 3 fdr. RN purity

is the observed rel ative freﬁgency in the test
was cgrefqumd&v OkE-dabhred adanest gd analyss, a@ﬂlth@mmtmg vca@dlcwgmned

spectrloglrot?metrlca ¥ egllljee {301 ng%lg%f(% &g:n?mg Fﬂlgvr«hle% ﬂf hg $8 ngspé)fldlng virus

prepafaﬁﬁﬂ wai9 dgiBuliate@Wia th% dafetmBpa RWMEM&eﬁ@ﬂM&nﬂQhe mbhRtlar weight
mno acid (0.06 to 1); N.1 is the nunber_ of

of thed%l‘&fér A& dbe wlative amosdicRfyifionsiper [dectiont ahigecould be calculated,

assuming that one RNase-protected viral genome equivalent corresponds to one virus

particle.

[0212] Molecular quantification of viral particles: ELISA method
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and Nis the total nunber of codons (am no acids) in

t he sequence. [0208] Thus, a high nunber of rare
w@osns1oPn a sequence results in a higher i ndeRCT/UBDSIQF8952

this fornmula, the RCDI val ues of the varlous capS|d

(A PorGRT NRRGRTy S5 hE R Betbugt Rt i ghaghbit ant Mo

antibddly SMur@Htah@ Windh& 1%@?&11 Y& e /i 2tlh§c FBCeAdsh %Hdih§nal 14 h at
afe 1.73 for PV-AB755-1513, 1.45 for PV-AB 2470-2

4°C, saddhength platesrwarp avapizadghiea tinRybABSTy Rath BOmpaf PBE rand fom@ked

with 300 of R0oof R alf st fats K d a0, FaP b ol E st washes

with PSS welld vegO a6t with a00 uRSBHn@tcohtabing 6¢ll beﬁes%ﬂ @ntals in
uora victoria gfp gene (Zol otukhin et al.

1996) .
DMED@@%@&} AYorBCS for 4 halsleowdrmperatire n‘é’ellavv@é@pw&hleé dihrig0 1l of PBS

tree A% BB Y r080 Rl Basogs bubo? G PG fuSnbberfufEuin 2 g

of CmE&-raﬁiajmephd&iphdtt&se&(APRﬁﬂlomlﬁrotenﬂ(HIdz’M a/I\B2@O(B 15100 pl of DMEM-
. AB1513- 3386 = V- AB755-2470 = 3.61) resu
10% 1?‘83 aAfitst theilash HEﬁ&? }?’58165 E%&I\Hﬂ_% 190 oty mpd A ae(rH 8f5 Were added

and pﬁ%g %rgfﬁgﬁlgdtgﬂ %@tzl'flg{i 685C S BBl rid Qli(&l?r{é Cwogyha@dcs]@ deterrmlnatlon

pol i ovi ruses ecular quanti tion of vira
was apaniplshakby alditest ofG[OQ@(D o8 h sny/imh pae-nitrephrogphogibiie (in 2 M

s S5 SO PP S S0 B S gine o
virus P88 QnedchsaterdBalMihte8fin fn élz‘ﬂrﬁie'-llml&ﬁ NRhRhEsdehdat assay

occurred (overnight versus 4 days). Cell-associated

(ELISW) rpla;e méerr(éﬂcda@éai lecteh; Songvdledsd) sa 405aur ewatvhlamgth on a

standegé ﬁ]tl Ie fp ed)gf d olﬂ%glia t%voc% ?(gﬁrlg \Agrﬁltbo)llls mf a ]s%%\grﬁ 80ncentrat10n

of purdfied PN eViksi sidigat | on at 14 000 x g for 10 mn.
Supernatants were incubated for 1 h at room

[628APET Athld P U /Patii@e P:Itﬁf'ﬁ '?@&u&ﬁ ik Qo@é%etﬁ%ﬂﬁﬁe&vfﬁ@@ e)

to digest any extraviral or ul ar After
ti at g24(Sbs .
N S e o ﬁ”gt RPN, oven Ll byfuhfna i
inabilay 6 formguauos sugpashd o dei(eat(l%cslhms{)slé sproadianthat mbpabaneesistent
sal t sol HBS Carl sbad, CA). Virus
with gjlgiver gegd oot Silrremf@awé@ {4 parBElie fugation for

4 h at 28,000 rpm usin gl buckset., b
(E319br ndPashe i i B B P o %‘%d’“ﬁﬁ%izsg e were

poifE SR OER 0, PSRN 8GR O 0O SRS Y v
virus pnepatraﬁmscmab |qoant1ﬁe|drdutsctl3pbjr hetsiring tiee @Bsad,sqlﬂnﬂewblet n
PBS. contalnln 0.2% S M E . Virus
concepFiAg st LA PEH BoCEBe Hoiie Atk D1 Uthie0 4 * 10
particRSSAXFlN i BY regkck G UDR 8P SISy 2RANRiec RXA Was Bafdeicdl fom
concentrations were determned with a NanoDrop

those spmot (o b pamelt rantifiaha 5. (dRecto shagi)e She nmmbgr of virions (1

virion s St a0 Igre R orh itz £ ceBBeman
genontic RMA X SpEtRcapig! Virgs sy prbpdr&ua6iner £ 10198199 ecllsthat were infected

addi tion, virion
with 0.5 MOI of virus until the appearance of complete CPE, as described above. Both

methods of particle determinations produced similar results (Fig. 4D). Indeed, it was found
that PV(M) and PV-AB”"*" produced roughly equal amounts of virions, while PV-AB**""
294 sroduced between 1/3 (by the direct UV method (Fig. 4D) to 1/8 of the number of virions

compared to PV(M) (by genomic RNA method [data not shown]). In contrast, thewt virus
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RNA was extracted by three rounds of phenol extraction
and one round of chloroform extraction. RNA was

we@eanalv9pr eci pi t at ed and resuspended i n ul t r apCF/ES2008/058952
wat er. RNA purlty was confirmed by TAE-buffered

agar ose ana Si s, d.the ntratlon
samplg Eiroroded o SRR B HSCOHIRS 041 §P0 P TeedMIopHs@mits than
PV- Agﬁssg%ha{aep‘@gm%%htréslp@émlewe(mg rmms PO RgHifgh, \th dﬁéﬂé roteins of
preparation was calcul ated via the determ ne I\l%

urlﬁ@.’om:lem waici rospheadlchyt $12S 1polyeciylzamidovetighectrophoresie (FRMAE) and

Vlsualllﬁ,? Sfl_;lg?eﬂ raaelllis Zlfg Iél\‘;il?gc%?)gt ! sg E%é é[.?h,l%ﬁlgpogﬁtg? Ic%r?}ciusmn tlIllat on a per-
cell biAN2PE- pROY ECT @Ed PiVe ABTgeHb decimahestonSP§I[@BHp e8EHSed @mounts
one virus particle. [0212] Mol ecul ar quantification

of progeny,per£ell dlaigt 4181 lare 3)ewhdathest g parrizlonpiopogducgd 9dhe

N T R TR T S LS
cither (pMefuds @eHmgbebnpiRGue d59899ndi the jb&ﬁchlaP@SqﬁeOerss@ ﬂach'ﬂquﬁ:]Gr
and an additjonal 14 h at 4C, and then the

partic|gegount(SpecEaPROiPBSTY PREISCIEM RITSCRPYh PsEBUfpaafclmsogé d/115 for
PV1 (I?fg QK ﬁgterﬂﬂ'n%@ %ﬁﬁgﬂie RethdPALAYLE SR SRR Hﬁbhﬂgs E\’/@fﬁ to previous

l'ow ng three brief wash
deterrPBS; onself IléZWﬂ(d(lﬂirundﬂlﬂrmﬂ whéh (Ao dn HELa cells) and 1/87 (Schwerdt
r ont ai. ni ng cel | sates.or controls in DVEM
and F?ﬁhugggg) (gt%‘“?l?ﬁ-yqﬂo eﬁtqu\'{‘ﬁ ]isénper ature. Wells were
washed with 350 | of PBS three tines for 5 mn each.
197 s Revelopment pia visionatpecific BLAyt 1 oom t enperature

wth 2 g of CD155-al kal i ne phosphatase (AP) fusion
[%1(81 ei Ao(cpifiap thy reduczd@’@ﬁ/paflitlc_ﬂ@@auo the Mmthmd@rsd@ptlmlzed

polio r| °e atﬁllélssl. %‘,%nme‘%egfﬂzf eggs eVF{aOE et e | ncu Svay °

deterrﬁme the physicalbdfounCof mitdcoeirali Iﬁrt&ﬂé@ah larsempteqsmbﬁﬂlaﬁ ¢he infectious
term nation was_ acconplished by addition of 1Q0 |

titer, ‘Mhlcb 15{1‘@‘7’1!“?1055[%?@" warble: o”ﬂﬁ:eqq%ydp, gwﬁ M Hrp‘ﬁogs qiservation that the
ectoda‘hﬁh% e W‘r&% tot CHYls %g to RELt a8 C? pl 5@&'1 éfl'lkrgldlée phosphatase

atase AT Ivity et erm ne
(CD1 @f&vxﬂﬁ) binels czenyd@mtlyahd opificatle te ticdotaett MSIpartB:ﬁB (He et al.,. 2000).

Consigg Rt S0 PARC e A pagish e PsirgBTiseyd bibd 8 15i6s sfigienty
(Ho gw/azo@b? Rk Iaxper&te@ thﬁtrﬁrlﬂl%rdsa]?ﬁd WRerBlAR& @Idcabﬁd Rabwdits Sould
-fold serial dilutions of a known

1nteractom1¢leﬁfDd 46iAdh tht@fenpxumg‘ spedﬁp’lw f@r inaetywrtgtiesc Kn s@m@ﬁzqf thls
artl rati is, reduced.i.n codaon-deoptin z
notion kgfes PR e o O S By bR B E ERs HISRe p1
capsid AR 1 @m&&aﬂetlam o33 résultédienoainiifisle slgaal(hatﬁ Yiot $hown).
form pl aques suggest ed a defect in cell-to-cel

[¢RA¢adiThg Ef ek n’f@lyocpéﬁlo%'}ﬁf b %ﬂﬁnﬁﬂ@aﬁ@n 8f JilﬁWartlcles in a crude
specific infectivity of the individual virus

samplpaneh &l ths cel[ [§2:4t6 pftaronfeetion, tiih shppbt masingze pPRMiN alteration of
- 755-1513 and PV- AB2470- 2954 vi.rus.wer 1 fied

the PRLY el i BB TP B aer e B o
(thernSePRBEMRRNALARRE 6, Gt daYion, Riektdh@sh, oMl ) Usndef BRANALAQdRditions,

were quantified di rectly by preasuri ntrzj t he OD260, and
the sepgifivifycplethis assay is approximately 10 Vlral particles, as there is no signal
amplification step involved. This, in turn, resulted in an exceptionally low background. With
this ELISA, PV particle concentrations could be determined in samples by back calculation

on a standard curve prepared with purified PV(M) of known concentration (Fig. 4E). The
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concentrations were cal cul ated according to the

formula 1 OD260 unit = 9.4 x 1012 particles/mM (Fig.
waDosfiRerkert, 1985). Additionally, genom c RMAI/WE208/058952

extracted from those viri ons (Fig. 4A) and quantified

partlc q,e%zﬁl?n%tl na'é)ha E,gA 2 hov??ng rggmo ﬁé&iﬂ{ﬂdﬁy{ th leec(t JUV method

(Fig. 4j.ecul ar size of 2.53 x 106 g/ nmol for genom c RNA.
Specifically, virus was prepared from4 x 107 HelLa

&%OIIS i ilcyﬁ({,gdff%seﬁ{sed wth 0.5 MO of virus until

e appe rance of conplete CPE, as described above.

[@WTI arq%r EPG%I?I{[% u(dié%rag d%?nsqrﬁ%egrtﬂe Ht%ty%rf‘?arg% g)c%y dCO%PH at

deoptitMdonas TP VP¥aphRIdod ink 3t quddiceasic @endroughe yyxﬁlqusl foAthe wBh&ation
of virions, while PV-AB2470- 2954 produced between 1/3
of atte(nlg?tefi ﬁg'ugﬁsr dbe inigalgophwas t@quelorq‘[lj)e ppg:ng_lplg)fdhls tesdnology as a tool

d
o s TSP G0, OB B RN Tl v
very [0 spaSBE IiFaa@B 2y PETD US200E85858968c ifantpits (et isependedof a

sl i BT B0 GHE -8 R A ABFSUIONS 4515 ik U0 At i a more

slowl Rt Paid@o irys ﬁ%&ﬁ&ﬁ WYBlnythé Bbg: ThR)in tdfl 28HRY Eﬂe%st 5@RssH more
proteins of purified virions were resolved

time t@mugloalyamnyﬂleawpd@egted ceheticrioptiome swhs:h(lpﬁ\@:e)st dmdrable feature in

i.zed by silv a n| Fig. 4 These d
an anh ST S Spebln O B RS Epd-Sepr s IERR £ simitar
amouﬁyoﬁﬁ%%@@y %’é}%ll ag Gorﬁﬁ/ar@@ﬂl%fiﬁﬂcﬁ%e RIrQ€ WaBleYelg Bdo Pérders of
only sli reduced anmpunts of progeny per cel
magnitigjegessq ecn@wdF&) 4).whiis allewigthe prElycher of virus nagiqles gngigenically
PE Vi va
1ndlst1r§1§gl{r’%|ﬁ?eoq% gﬁ}l‘e’[he e Lcljéeg écttlvgl nanfi %éétﬁee {' ﬁgrg 1y 454 thg é{ogirﬁ%lor%le&yche wt
virus Rédheovphvag d@@to(tﬁ@ ldw Epebﬁ"lcflﬂfec@%@qﬂhe adtasldyandhgk adeprocessing of

parti cul ar  pl.aque assay_techni que), or _particle count
such 3(%@@?%%&@%9 sHffr- ebiBes ke ArcdrEsasdoncans about the
/
oo BRGS0 Rl i Qnd A Mfon sgngfoms an e
associatzdpak @f vives d:schp): fporavhopedudendneityatithonky adcideh?dZby malicious

oklik a rnell, 1961) (done La cells
1ntent(1\r}rgees(a§gﬁ%g? @ereé% dna}yo%rﬂv xi%-yl)seftlfe]s sg? rﬁgerya}%%wé;}le production
of 1nal§ﬂ1s‘;ﬁ@&ﬁ/v1ﬁ%|da§ames[ &2AcE] th&exel100mERintRhI B tNd vk PRuSRSK prlofein
SA [0218] To confirmthe reduced PFU particle ratio
level, @bs@rrmeéd imintune cesgomsede bpsts mhpeckeivyedlinastivatad egys & guetasiced.
virion-specific ELI SA was developed (Figs. 4C and E)
as a way to determ ne E&%» cal anmount of intact
viral particles in a sa ra her than the infectious

' ch.s ari able.. The, as
BT gl tswﬁ'&eﬂ%?e?ﬁeﬂ Gilop B meREaPtheEtR a0 S i ruses
of the PV receptor CD 155 fused to heat-stable
‘quél:en%?“sﬁlnﬁﬁrqméhWB%‘B{éﬁ%f§e (CD155- AP) bi nds very

tightly and specifically to the intact 160S particle
(@381 et Gapups.offpody five CaHSSHmicRgstraal gPY (K@d@ et al., 1991)

I t
v RS AP 5L Ry ESSA PO s R don 10
and la)Pd)fdﬂAftmusxfamngl ummst (@rFm;dm 30 gl PBSC TS jstredi Wwthal SoseoWDdy) values
nteract with t hus ensuring specificity for

were @nguéég@d B}éthel rgetggd oﬁ lﬁeeéibﬁggé\fleen@h (}9%84.” Virus titers in spinal cord tissues

at the time of death or paralysis were determined by plaque or infected-focus assay.
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notion, lysates fromcells that were infected with a

vaccinia virus strain expressing the P1 capsid
wWee@suewer (Ansardi et al., 1993) resulted i n PCI/US2008/058952

quantifi abl e signal (data not shown). [0219] The ELI SA

IIo fqr. .t uantification of virus . .
BN c Bdofreaninyed pedlaffiaes it nedatisatiatelon y pagtiste basis
in Cqusg@'m;Jéf ection, which should m nimze possible
altération of the PFU/ particle ratio by other
f:
L P o e oS AR R A 0 T Pled i AL Ly, cD1 55
transg(delgmda(Kmk¢ cedlc 1991)unate l[nﬁbdﬁﬁl mtme@ctraltpwithtiVaive), PVtsie, PV-

SeRsi t.i Bfthi s assay i s r 7.viral
AB™part P 2h T BorS Vo g AP T by Tiitlediys were
perpléx'fﬁgo Ly &ﬁte c;gﬂhénnﬁﬁ‘tntew pv- Aﬁgmsﬂ%ﬂld' &fhl )@3@_&32@7&%54 Were
| ow background. Wt this ELI SA, parficle
1n1t1albof®oed1 tor bt asawgrqp@tlnlogeme aglor even sh@htly mosanpirepatimechigcthan the
cal ﬁ%llep@« on a standard curve prepared with

WtVerﬁr of known concentration (Fig. 4E). The
79 WD 2008/ 121992 PCT/ US2008/ 058952 particle

determnations by ELISA agreed well wih results
obt ai ned byTﬁthi@4dNeempa@Jm¢qudn GIx] 3tg mige. [ 0220]

| llpl I Ldl. OT1T1S UI IEbUI (S [ULLJ.J IIIE:‘ pr esent st uuy lldb
denonstrpted the utilDsiy of |arge{scale CS)Idoai cord titer
CQI?éprQtI m gatioen—of—+PV CapSi t—codi Rg—Seguentes uy de
novo geng BYDtdreFIs f olNd bevigiensr at P or BEUALt eNuadsiésdnons/g
— viruyses. |

Pt s techrolgdgyras a ool 10 or gemer a¢imau | i ver 15 x 10"
attenuat ed virus vaccines. Codon-deoptin zed viruses

v-4prefiound, EQ APy Veryshowgpeci f 56 & pyesity Vi ty g g x 10"
(Fig. 4). elowspeC|f|C|n ectivity (that is the

PV- Ac@amemof A6 x k,% Vi rug Sp@i(gd cle gq Qy&g@ﬁ?f ul Ié/57 « 10"

|n|t|atean|n I"ous cycle n a cell) ts in

a ) adl V|rus infection wthin
LDfoepres e e %?E&j i iorhaningt il o Y RIFER ipfpctious
focus pasayhfregsit aliyadter wiraceral nPFHEatiq ect i on,
® LDWh:phesk&l & RStunfiRs bt 3RLe pheiRlcYr & ddlemBRe@b IMAL ﬁl@asurernent
that réh iR 085 ity Qf‘erﬁfﬂt‘?ac@%e@?aﬁ iRRBtiogodon- deopt i m zed

viruses generdated simlar anounts of progeny per cell '
¢ Virps rasovgrad dpnt He spiinadl cosdpef wifactes], midei dt shdiimepfalenth @ paralysis;
expresed @r BFGfor Fﬁbl@bff tisdee, lag dsteimihed by plmqué &1 ipfectipus fﬁhilssassay

dV.aIIowst uctl n of viru artl santl J[ a}/
irps, cgﬁ:rﬁ%@o %ﬁl sPig 8mdt (E‘v m\]l‘&c rnécfef h or paralysis,
expregsgd in iy s deHEeqb Hﬁ%tm YRSk “teﬁén wagmm by the
partice{Rfdy fatlorqé»am@m%@r%chm@ﬂ big-8Peécific infect . vity
the actual handling and processing of such a virus
pr eparation is much safer. Since, there are increasing
er I 755-1513
G207 P TR aRE (hS o BRASHERRD R olhlity BfLcrbh i #0-B
and PYeABT {1701 sveanebrifreabl agsthai cattvetdzlms gHatohotshowa). eSmakaely

fraomthe production facility ej r by accident.
ConfOH%fﬁp%wawe %ﬁ?f@%ﬂowwéé‘? tyae aé@ﬁﬂffb%fopaﬁ%ww qé?@é%eas

deterrﬂi%%d’ b&'gﬁaﬁﬁé as%gy SRHRY spdlal 85:08bF MES ihfaclhSyify Pdl %7'559]“13 and PV-
I nactivated virus VaCCI nes. Since they are 100%

2470 %?é‘hwrc 30- tud 30fefold lovier usspattitdip, tharothesmin themede, infeated with the
wt Vlrluf,] :levgt e’ll&l%r:"l? ﬁngrrnl%é %gﬁg%?l% éggsgﬁzmﬂr aep%aelre\rllﬁy replicating at

only 0.3% of the wt virus, would have the same neuropathogenic potential as the wt.

755-1513

However, after having established the altered PFU/particle relationship in PV-AB and
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EXAVMPLE 4 [0222] Effects of codon-deoptim zation on

neur opat hogenicity of polioviruses [0223] Muse
woewsop@dhogenicity tests [0224] G oups of fouPCT/UST00&/€58952

CDI 55tg mice (strain Tg2l) (Koike et al., 1991)

etywsan 6 and ks of a wer e |n ect ed
PV- ABm Badiadid @e 3% 5 ao @PP?}FW&?Q etonebneortpiated,yih the
actual B RELY pREMSs fn%&!i‘[h{ég Whict 5%&5&% s g&récu&?@% whd éstayshshed
per cent 1 et hal gs LD5O %§%§1mere cal cul at ed

by
that on h@art@idwlwdlsoPVRéB% an canN/lPéhéslB ¢ 2Qifeldsind ilpe+feldi n

neurog BBy re i v e b 6 Y e bl grybuBBigo hicle
basis MO vAAORBAALHIRS s fPkal /iR QP BARABBES ricd W Ikry similar with all three

Codon- deopt i m zed polioviruses are neuroattenuated on
viruseg (paltle bl e basis in CDL55tg mice [0226] To test the
pat hogeni c potential of viruses constructed in this
[6228ty , 1GDs18® concldsdythar i wais cet mdssﬂblcetoefcdeaign,thqgglz)lpmd gene
.. were injected tra rebr . P V- SD, PV-
with {E SR FEST AARERRI L it elepii Ry g in the

centra® Qv E:dsyRRWH. FFilds rﬂaS} Ibte |b€&aurs@ﬁs’duta%g¥&ﬁ@dlffé%tﬁbﬁﬁl dddon BRs
quite counterintuitively PV-AB755-1513 and especially

descrlbs;,d mpothzr-(Phdkingeale 200 arp 409 smalbigiinggbeet aggssue-restrictive virus
phenoppga%r 9P gtl%ggfes@[ &t ‘tﬁ‘?]l’;]l- g)re%‘lgx %QI\}&SSlthfgptthl %ngge%'lbgbqlgtkﬂl et al., no

geni C, VI rus.

appredialie elséhe dnecifio D&ddiﬂgﬁﬂtvﬁ)s detedted (@EXhﬁﬁ)& ghd’iii'n)e Holm%@r this
Spinal cord titer, Construct PFU or FFUa
conclyman ieull T deret fpoy e et thyt pwwualﬁ%S/ Igaduch/(omthwetéwé of this

vl ol 8t i, B P, sy, 0

more 8f Bie Xoddhl@ covh-ABT ﬂdﬂj@ﬂﬁﬁ@&ﬂviﬂal@amcldﬁm%ddd ® oesul O the same
d 3.4 E 106 FFU 3. 57 x 101% a LD50 expressed as the
amagg iglG Cgifral RRTEQUS; sYHEM ANt Wt ¥&Uet er ni ned by pl aque or

i nfectious focus assay, that results in 50%lethality
after intracerebral inogxaappps b LD50 expressed as
the nunber of virus particles, as determ ned by 0OD260

6B U @RI of chiéi df Hhitz§tlbﬁ‘ Oégf(ﬁ(;lﬁk%ﬂstléh(ﬁlf ) 0110V1ruses

|ntracerebral i nocul ation. Virus recovered fromthe

[ﬁ%'oga' 16 9lefb Bl )ﬁt&fé‘ﬁﬂsl%@ﬁ at the tinme of death or

expresse or FFU g of tissue, as

GBI 8ol AR B QTS 5 R IR oty A

standall ckiget WalBrephrcdadtihc MethpaoB Ml iaset al. @KWIF B&iniethionine-labeled
particles/g of tissue, derived by nmultiplying val ues

translatipnt padydty wercashlyaed lbygftl ttorgsiegrpRtve/ PRIceqad; qtract was prepared
as des%%&ﬁ?r%%ohs% (ﬁaglgﬁ a&f"ﬁyca\ﬂieﬁlg,sl48%5,%Xcé&3@that it was not dialyzed and

endogenous cellular mMRNAs were not removed with micrococcal nuclease. Reactions with
the modified extract were not supplemented with exogenous amino acids or tRNAs.
Translation products were analyzed by western blotting with anti-2C monoclonal antibody
91.23 (Pfister and Wimmer, 1999). Relative intensities of 2BC bands were determined by a
pixel count of the scanned gel image using the NIH-Image 1.62 software. In all cases,
translation reactions were programmed with 200 ng of the various in vitro-transcribed viral

genomic RNAs.

[0232]  For analysis of in vivo translation, HeLa cells were transfected with in vitro-

transcribed dicistronic replicon RNA as described above. In order to assess translation
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[0227] In addition, tinmes of onset of paralysis
follow ng infection with PV-AB755-1513 and

WOEWAB2WID- 2954 were conparable to that of w RECT/US2008/058952
(data not shown). Simlarly confounding was the

. opser ion that at the.tine of death .or, paralysi
iolat§th 4 TPRIEAUON. JEnsTREans WCRREATHY b e HERe of fmM
guanidiR€ h§PobRbrigO" A8l el fRd bitkerh ’?rg%é%itvg 1R Bfep PPrbmb3a,
and PV- AB2470-2954 were 30- and 300-fold | ower,
MadisoasPdi fallpmicd by tartaal fitefly éFilnic) bied Rergla (Reflact kudifevesdrssdre

wt WVifus, (:-Tabl.e .4). us, it,seene | i Ly, that . .
(prom¥ue ) Fsutsibiateiccy of M serbhy SSFMEG ke £ 05 gl Prareipygves
normdlized fRowth il isiéon, bywhd RehiNaveifehBe saiBytHFWiORat HOPRNEGressed

potential as the wt. However, after having

under gentgel| af dhreldenatiéis § Y sped Prumgrinalirdosome patty e hRIBS): n
PV- AB755- 1513 and 81 WO 2008/ 121992 PCT/ US2008/ 058952
[0233AB2 Lodongkdp(ivdeedBsivuses are3eficidng ap thedavel of gempne tnamslation
could now be correlated with the actual nunber of
[023d4] i cRascitmogutiatiediruikted terf BY (N e tiddiginguishable in their

correctiop, jt stablished that on a particl .
proteif gaakeup syl heaiesym NG g muf?@xvﬁ?ﬁnz@wsfﬁ@ tofpd i g modified
RNA ?%ﬁ?&?ﬂl@@ DAY ERAL &i%he EBSRBE LV YenbRiFPar ed

0 the wt. See Table 4. Furthernore, on a particle
transligami/rsplidagion on atteuatids withoutredfespiged]] avlrtdsuatropsmak yzed

: nm.ce. were ver (mlar wt Il three viruse Tabl e
immuy BB e o h i, TTEY b et vy AR ptdet o
hypotR&@ssSthid igtrb&uctief 88 hRy bk pHMat aRPing & iR capdill Boding sequence
SYnonynDus codons that woul d %§e0|f|cally ' '
shouldjogd ¢ arqdacieen efpenpae tianglptiors i oncd the Phecgieristat i N-terminus of
n S hj i.S: - i fi
the poiTBHE REUEE R el R B R BEEPHE oS R R EREHeby the race
of trafsRlt@hkhriough thalP1, re2id04 Toasst whothes imeflatt ttanshatiom «Akowd, @ vitro
tissue-restrictive virus phenotype. In a |larger set
translgifony wer e faeiee (Biggehes than the one used by Pl otkin

et al., no appreciable tissue-specific codon bias was
[P35kt dlrexristeslydhe wHmhirynslatone s standiird Hebarsell basedn
houl Q t .1 \ fact t ol Qvi ruses s
errop AP Sl SR ol B B mer B R ARG cppaciticn for

any ofdigeRdrh@nautedig AN Choviaywed ab 848 @institiodBystemiOBptiraized for
.That is, 100 fold nore of the codon or codon-pair
maxirgd Sispslafion it ieludes thaprqesnets addiionad gaerss amindsiglds and tRNAs,

.ot . i
which' Vél)%%/cf?(ﬁgew@gﬁgﬁgé@ a{eggrz@% %E;lefqlec g{i'g E%@H%éé%% i&d%ﬁ‘b?a%. tTlﬂglrefore,
in vitrdeoptlativisatdro nepeated evithnd wodifiad $Hchkhicoh cofragpodhiol imas aesdialyzed
. [0230] vitro and in vivo ansl atio 0231], Two :
and md‘ivglﬁgfr‘%lhﬁaf Asgygre Bougmayed oy Risipeo gl hies ygent (Fig
5B). URRMaliShdiR i SkHAY wet pRRERHHhEX thAGIdiMES o PERRENRY (RNAS or
by the nethod of Molla et al. (1991).
amind &4d5] nidiuki aordnmeohmbE|ved creatantbhtandrerlgpelydusindlewhet in the

} anal.yzed b |. autoradi ogr aphy... The, second, extract .

infeot 8V 50re oy RlioR HE BE I SRR Yot BF AR NS white

comp@ﬂ‘%af@f Rlsb@rceslBB Lol BXGERN AN ®uycitd thaasgiBickgioah Z@fsiansh from
endogenous cellggar MRNAs were not renoved with

cellulg R Bdorddhe ye [ eSlddet imemaratemsratgi ip pondialyzed extract, a set of virus-

specific translation products were detected by western blotting with anti-2C antibodies
(Pfister and Wimmer, 1999). These modified conditions resulted in dramatic reduction of
translation efficiencies of the modified genomes which correlated with the extent of the

deoptimized sequence. Whereas translation of PV-SD was comparable to that of the wt,
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the nodified extract were not supplenented with

exogenous am no acids or tRNAs. Translation products
woers/121992 yzed by western blotting with anti - 2BCT/US2008/058952

nonocl onal antibody 91.23 (Pfister and WmTer 1999).

Rel at velnte si.ties of 2 n he ter ng@
trans g org GG AP ROt e SEaed G PYabE. s gty B4R, was
reduc® by ifReEmhtdodafkieasgy. I n all cases, translation

react| ons were programmed with 200 ng of the various

ﬁﬁq' t B%rﬁsreﬁlg[s %fdd% fhokhd ﬁeg?gﬁwkéﬁghﬁ?lla{eggg%sg Qscribed

anal ysi s of |nV|v tra S were
hereirt. rEirsé edhed altertch codonvushgoto 4 madsoordledited eitsitrtioan ia the present

licon.RNA as descri bed above. order top asses
Study’tar“gﬁ’@P%\Pf BRI EBUS VEYERs CEP TGS %@Pﬁf@%@@pesﬁwﬁmg y, Burns et
al. detcSRInY 8t frhMRANAIA BH J1524 hdfbr r&l%%‘ﬁfe%%feggﬁeﬂ&&ﬁes of their

carried out in the presence of uani
mutartytingeshd comictision@e vhigange math the data @fdsemted’ hereim Ipadikiclyethat the in

virro Rl BeR ey ysoEBr HS sl RERY Py it Bgeted rabbit

reucuﬂﬁwnysaefgl?mq@htedmmlﬂfeb@a HRiLkicell er@sct @hd bhRsSARMBAcids,
ci stron Fl uc- P2- P3 pol yprotein) was nornalized

explaipp t@ugfﬁﬂ@re\t@ deteet apy stehdi@ehicHpgionis irpeylati. £t Figi $4x. of
the first cistron expressed under control of the
(03374t | Cogsidervigths u(thmmlylamfmldaiatmt bf)‘él@ e vigmttrapsigtioesystem,

the e FESiohy G A ERSAE BRI D Colls Vg5, &efedlshl g nis

purpo§d, Aidigtdnec POV EESrepDilert BFlidhs Wfd\@on%@cted (Fig. 6A) based on a
|nd|st|ngU|shabIe in their protein makeup and

preVIMb\mchzmcbqsté@ne eplicen ofhpoané Nélmr@erm%(?(bl)a]vta@@@&jl’l gassettes
were 1(1)1]s %el?]iig gléj%efdgagef‘lyo gﬂotﬂie R fratnpee\%qh gn Sf"r%ﬁ? luecrllf%Pasg E’I: ﬂlg)dgene

Thus &M@pﬁio&thIRES%ﬂthsaa&pﬁﬁs@m oﬂzi ﬁlﬁ@l@&ﬁﬂabpblyptbmuﬁlmﬂar to the one in
affecting cell and tissue tropismor inmunol ogical

the vigyl ggpamg, adthghe xR pithe ﬁﬁ%ﬂxﬂws&g&w@w Gy credp griséd and
the 2Am’ ggf)teftﬁ? %&Isn)%%f $hd %{731[& Hltcsﬁg%:gﬂ Eﬂgoé n%ﬁ&er the control of

ons into t ca equen
the H@WdR[EtS freaded an iatored gottrad n AOF expenmests tweae sdrabd out in the presence

of 2 A i e ot i orpleicho WRERS R seeiepien QY i o

al. 19@'35)t @blﬁé tHi$ type e ot snask Mwich8n hediBate g@tehﬁﬁﬁﬁﬁ&@&f BB relative
hrough the "P1 region. To test whether in

GXpreismrrﬁl the mnnd sistibi by téddqlamtrg the beJC/]KfIaNS“Hm [ AmE -lwsregpression

depen& gn 8y rcg%dsgﬁ §ra|gﬁlt 51) %]'P %{1% n(ﬁ@ﬂ?@% }%j%%grg J“eregglro]ntlt ]%rowdes a
measuFy bP{MleR§HRL CofPhel s @IddrRBICIeqldviek ba tiRd radd of, polPRdikinsheMREon.
no difference in translation capacities for any of

Usingtthis repshrshritsvaseadesd f@lmdgtha@m modefigeheapsid a@dltla regions, which were

assoc{aﬁegnsk % 6%1 %M%t %EB(?I g%)élgﬂrrﬁioe ddi B on 0 P and

PV-AB%E%%) ﬁeﬁu&m tacids oﬁmdlstalamy appmﬁimtelgtglodo O0NC@igy BBl)y
npensate for the genetical 47gggﬂ neer ed cadgop bi as.

Capm%@?@fttypevwhlww& GO YR SVt wend PVepSat ed wiawves
transl%fﬁbgl dt 684, eﬁﬁl‘@%ﬁf JN} R¥LEae N'&secmlf h &0 E%Slﬂfgﬁlryt%?gf the first

whi ch ce were not renove
mstrome{ma:m@i:mlstanuolaﬁa&estwomtwee atinm(cRegiod between 3 and 12 h, suggesting
that RNA stability is not affected by the codon alterations (data not shown). In conclusion,

the results of these experiments suggest that poliovirus is extremely dependent on very
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5B). Translations in this extract were perforned

W t hout the addition of exogenous tRNAs or am no
W@e00d8219Thus, an environment was created that POF/ES2008/058952

closely resenbles that in the infected cell, where

transl ati on of PV genones relies anl cel
efficigs ppylEon g rslat%%ﬁﬁ@@ﬁ ﬁ@opr Brrpgalitt doehey e b B region
of 3095 RAR en UV 1 BT NEShi gy 1B@GKIEQRRD ik 283 c@ﬁd)ﬂ)?hean
cel lular TRNA and t'he | ow [35S] Met incorporation rate
i n nondi al yzed extract, a set of virus- specific
transl ati on products weEXAMPEE ted by western blotting
with anti-2C anti bodies (Pfister and Wmrer, 1999).
(238 e Grdefic stibdip ol ¢odomsdeopsimizetipoliv vilrnesent i C
reduction of translation efficiencies of the nodified
[@E39D e Dusho it dioribetkatffectwi hany heiteione bierdbrgt @(‘.‘norne segrnents
ptim ed se uence, \Wereas transla IOH of PV-S

that C%HHJ e phgnatkee: cedon dropiRZcda vessbod il.mgezletwaﬂy Sable

pheno?é?gs Upg QQ@@Q[%@Q%UC LGS G doRbn 8@0 1'?1' i2& NARENLEE I RUUShe
nones PV- AB' 5I3- 3386, PV- AB755-2470, Wwas

premisethactbdscowruapgparo gemaicelly stoifles \(1ﬁlsgs ar5 B)lssagefmﬁ@}ntaﬂﬂhom:ells A

I 2006)  rec I epor,ted experinments rel
benef pE U Taveh; [EEh D00 ERR” HrenesRGenr actet BBt Dtisk of
reversiSiP@8v il PtyPe MIGHicAM/aBeihé mélﬁéjdlﬁéi Bbn %rrf@d@ pbiht bfi@ations from the
present “study, and none of their mutant viruses

wt Vlresqsr aslomndy a smekl hwsemfethmeyw actuﬁdlerceetlrlbn@l tg att@wmetiort Viral
ern1 ed th af

evoluta 01} %ulcekly t% o rgY Suﬁh:%fc’l}a@%l g bg{; E ehctlv rr{:%ltaaﬁ’/onP1 t fn%ilee({ such

reversor pESa s@ict® ﬂﬁleat&blotme AW orVBHEANCOrgbhiAtisheWH@)Project to
presented herein. It is likely that the in vitro

eradlqamvélpawmoraéh%ng/bb% e lppeBs IVéfva%ﬂme {rovE)uscduiicEnis a very

real ¢ JHBL %‘?ﬁn@st ?rc‘e eltt K[(Fﬁ;t egug rglan {ﬁl‘féﬁld? GULE ?bserved as the
ysate supp enen un|n a ce

sourc@oitheex pessowrbicales @btgscu @xpl H)Q’Ys Kietveit il f ﬂ]OQuSlﬁnﬁm ctal.,
detect any significant reduction in translation. Cf.

20@®F|g S5A. [0237] Considering the ultimately artificia
nature of the in vitro translation system the effect

[@4011 ar Moitishwslsedsdo dhoypapds obpoint Eutitians Brihe Aroset sEnthgiic
d651g fn%ré RYER ﬂli&(a(;f%?vel‘g Oh ¢ tQJ[ Straim 'RV &er aﬁfrat %Qﬂ c'%_1 18 powerful

poliovirus reporter re ' CONS Wer & COHstTuct e 6
and up) phsad, die @nthpflewmms linevitedo et eltle dBwid &k mandrmpoing to

replicon (Zhao a r 001). Varioqus Pl cassette
deternyjap ghg Gelapiadpt| ﬂ?f?ré}ﬁ‘?l‘a\ftl%l} ;buh?bgke?‘zé QHicarmg 1 fha %11*5 chyifapped in a
local %Jlﬁpﬁﬂlﬁﬁﬁ'fe}f f*rdfﬁ't 1(1€s1é#0) gene. Thus, the

I OVI rus IRES | es exp eSS|on of a S|ngle vi ral
lLypr 0 I .

(BRAEPY Ao alladh it Heah ahRe My §-or bl KA B BBP BRoecd in o

host cbiRupeefo tihes. ciapfs ehoand of t:hﬂvéiiéﬂruspsf aeeequmaeed after 10, 20 and 50

Expr essi on  of the Renilla lu |ferase (R- Pf
passaggsd Morp Kee yoqt eﬁst ORgfxa gr QW ie@cg)styaﬁo coptimized
virus 15%@18§eﬂalTh% %{yfﬁ% chnﬁlala i§ 58?@8’9@1% d, t‘d%ﬁ({ dpé?jr e\%ﬁﬁgken for PV

he presence I ne ~>/ | ori
the cha:rnﬁtpk edwll ive BNeABé“”gzéﬁm PVeMin ¢t 1 0 lﬁrc(rﬂ\kmimtamng valis ten

1993) th anstruct a
plaquds it Fagsgi . el o Re P Tct-ERES] S nephl- s e bupspeed o
total dfi3@ tHRGONcF! 'tl?et TP 26 akPd EUpRbdgoE t&hﬁa&ue/l-ﬂtﬁ'ﬁ%dﬂﬁlses are again
rati o. As F-Luc expression depends on successf ul
chosen aacih thetr gshompeare isppsoeas topetherghith the gapemeseafitheten parent viruses.

After pa aglng the ﬁglresosvofqﬁe 46 (30 + 10 per parent virus) chosen viruses is compared to

that of their parents by examining plaque size, and determining plaque forming units/ml as
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measure of the effect of the inserted P 1 sequence on
the rate of polyprotein translation. Using this
woreoRozio9it was i ndeed found that the nodifi edPCEPSi008/058952
codi ng regions, which were associated with a |etha
henotype in t vi rus backgr ound ., .PV-AB .. .
one- St% @%%3‘1@2&57 é‘eﬁ% QASSPRE ABADA PR tﬁ%t%‘g foqﬁ%edhﬁaé@’&eﬁbc“?’é‘? e
appro%;atb h8R Dk Snk @y, Bor %%Rﬁﬁlé' B b ethY o Bity o H U (iFlds isGBked in
psids fromtwo viable virus constructs
CD15pt¢nRR470- 2954 and PV- AB 2954- 3386, al | owed
translation at 68% and 83% of wt |evels, respectively.
[0242yi vdJpbn amaieati’ng of thatgsomés tamdfrigrthst allciOstirab hines have certain
remai ned const constructs over a tinme peri.od.
mutatigEp G EMIZOR HR R URECY ﬂ@@ Hhes PInSEYAE PRVAVISEHY HPP?“?%W o viral
fitnes§! OThea:sg Eﬁﬁ{géﬁnﬁy bt REMpRALE R ﬁﬂetsﬁésalﬂbﬁ%d(@ﬂhéprﬁﬁﬁlg as the major
shown). In conclusion, the results of these
pauseéxpse(rsem’émrspls eggb@ comlhaathomf both kinds ofsaseaM meyraleptify rnutant

codor TG EP it PR A L Y50, et B2 e s

have 41T Pt indftihi { waum@g droeughy tﬂaenﬁn;l of 8@indftant@bd&P8hanges
as seen in PV-AB2470 % resulted in a severe virus

are vergpintileain Bpir sﬁéﬁ@mfﬁéessmmaﬁ agter 40 papaggs e Heka cells, PV-
7ﬁSMa 1470004d d se
A S AR oo SRR R e RS, g
infectgﬁ@ Gifces Segimtas low B0’ PEQMnt il 6 FFY /ntipaphienoboppening of the
codon deoptim zed viruses shoul d have geneticall
passagg %)F@me% apbpfesphengtyge duinat kBangshdat golsshgpm).i %/fgﬂuelﬂce
analy §ROCRe TIRRIEI SR HRET pBRYS) R AGBIIDOR ol LR of
genctipabgiggge dcdun deting aisegihgst cells. A benefit of the
present "death by 1000 cuts" theory of vaccine design
[(32313] he Buegiug @l (2008K rapbrted &Mﬁﬂﬁir@tﬁteﬁe@ cmﬂdndcdﬂjmltions were largely
pi cal vaccine strains differ only few

I nt
conseﬁ@fiaivrlag@S petihpessagesip Hele gsks, Tfs?ﬁcfowl tyataw §the fitness for
subsatyaf,
1‘ephcat t eﬁl}_laétii oc%h?\fb(qﬁ}(h evo utlﬂli%drﬁﬁ)&l{ %kpﬂg g Cto%onrreeeleag?ment
viruses wmneaeéwahlhlgiwnpaﬂSagﬁmmdielrsg ehdmtaatve ﬁnﬁss dntle edbdifsadohruses

reversi a serioll s, threat for .t Wrl d al.th
remaipgd g e tsAm@)unB}O&} SEinG. 1opad] ld%élgatwaﬁ By garuses
redes@ﬁé&‘%} SR VEH 208encilallPiGy @ﬁbﬁt Ip- M B iR/ CdaRefof bb @ andSodon-pair

used,” there is a very teal chance that this strain
deOptmmmd viewes of tho imtentiGusiggess vieat déso ﬂe‘hrasccadon@hd}geb dsfributed over a
larger( %égg%%sogﬁ mgrrovesl{é% genek&r%}eagilg%‘)f fhe é%%br lelérﬁrﬁ.ls Qhené)ttypes and
thus idbroves #RR4btentiQRRPLiseihtvacdibidr eds to thousands of

point nmutations in the present synthetic designs,

there is little risk of reversion to wt strains.

However, natural select FESANBLEdwerful, and upon

assagi ng, the synthetic viruses inevitably evolve.

[(B4ddli e Resangingenivigrod capsid gegien of peliqvikusenby gepptimizing codon
this evolution, but a likely outconme is that they get
trapped in a I ocal opti mum not far fromthe original

val i date this theory, representative
[&e“% nglcr?i%ﬁ '\/? qedau PSS saged in a

[0246]  Every individual codon pair of the possible 3721 non-"STOP" containing

pairs

codon pairs (e.g., GTT-GCT) carries an assigned “codon pair score,” or “CPS” that is specific
for a given "training set" of genes. The CPS of a given codon pair is defined as the log ratio

of the observed number of occurances over the number that would have been expected in this
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host cell up to 50 tinmes. The genones of evol ved

viruses are sequenced after 10, 20 and 50 passages.
worme/1speri fically, at |east one exanple chi MEPGI/DE2908/058952

each type of deoptim zed virus is chosen. The

st of B Rl b P S 2Rl 58k o

occunP}»{ce%%%ﬂﬁrt?c%% cBish FAYr (¥ Y SR ds ﬁ{eqme%ﬁl%ﬁd of &bhdtRBlar amino
virus ten plaques are chosen. Each of t'he ten

acid ppirévqung crepdeodeny wparﬁl@llgzmdblapmdns siamdy b nlaktepelswagaeg the actual

n“mbﬁ sf%a‘i&ér%ncets é’ﬁ 6P§Odh%alrp13r |Rafté%1]f%7 |SFL%fZC§d51|gée%‘be£F?§ Determining
the expbASEAUABE, hd\gdver, FENIRB S ddikien A RAMEREGEHS. tTHEekbedtedhthber is
t he genones of the ten arent viruses. After
calculgted sa g gbe inArpeniler @6 boigramipe adid firgueney pod gedonphipsewimilarly to
Gutmil 5&?12{&?’1%%? Ofhat s HRER c?ecﬁ%@%ﬁéﬂls cglau%t%%tbaggd &J‘tﬁ% Lelative
parents by exam hing tern
propopticacifehd aumber@f tifrick aﬁ Hmlmaﬁcﬁls\wca&ﬁﬁfylﬁsbﬁ&ﬁc codon A positive
PCT/ US2008/ 058952 one-step growt h ki netics. Se|ect
CPS vahuesagaliossbptdhesivar éOQOélsRaéfds ﬁ@%lsttqaléy PVHHCPISERYE L PRY 2 ppgative
CPS 13&9 0Pk %taﬁ" 1@&%@5&95 ﬁ]ﬁd%ﬁe rERRtcRXA TR hglma'hré%no e.

pat ogenicity OV|ru desi's test
BEE 1P G0 R PAGHERELIB0Th ol IR IRHE a%él?%%%
Conseéhun@D SO UIDS) ﬁu@bmtof coddistérigsmnofassddesnanarceding regions,
artlcularl I mportant for viral fitness. These

Conta@waqagt@ga RBYHBY sdisparedsed Thie dafsespuiead P@doaoﬁnsyodon pair,
and ﬂhﬁ%&ﬁﬂ%&&‘&l%ﬁﬁ% aﬁtr ﬁzec@gﬂa@ géloﬁxﬁégca@(a”p' e 9);

e conbi nation of ay may identify
A A U TS R o A e

approhdhn&SGuthax ané Hatfﬂ:lld {lo8eNt Thiw hl@dw&m&wmmioﬂ oS Wpsptcted €requency
view that nmany of the nutant codon changes are very
of a gliCRCPIRN Ak mﬁ%nefﬂd@?tpé sedagrrequepysand npﬁnrgnéoam assaselﬁté?mfé

nelgh%%ﬁ%%g)%%é %Eﬁlhga&ghn%tiaru%ﬁ edﬁﬁg%galggylﬁp::]gel vabl e gain

of fltne |nfagt1® s titers remained as | ow

( 507, )Pr _ﬁﬁg§2 - %t t he begi nni ng of

t he pas i ue phenotype did not
change (data not shomn) Sequence anal ysis of these
[@29% g @lthéi calég RS0, SP,IOW cbdorPpRO6 R ingt Witll € fieguend$ ot No(Py) in
and what ki nd of genetlc changes occur during

its synoayseys aup] 62a3i Cmaﬁleéwowdoqsm@wsmd’m oeYring atith

frequénlafael ! I(é’gét% %?C Eﬂldtgg gg ohk g Wé’sﬁeétll_b]%e ll\)forlelexphcltly, FC)

conse
is the 'ﬁhqu/enfcp (10 ccbﬂﬂésbomhﬁg emnot d&ﬁi Xiig l@m{ Hyadodon e:pthlr@fghbotmll coding
ga cel | th the(innndlfl d Sabh vi rus and
reglortswadcf G s IntrergilYalcd €74 Aokehdsd %Plfsﬁf‘ﬁfi@ﬁ er of

occun%ﬁ&%%‘%oﬁ'&{"@ieérﬁi FS a&ﬁl)ﬁaﬁésﬁ@ct{%{yno ; % ca{laﬁatg@?&dcoﬁrﬁﬂgly

viruses renai ned [ ower unnodi
Furthm Ny6Y;) iBhbisnurabdr of mdewramicens aarigo achdtpal\v iXi; tisresghout all coding

resioly e AU B ey SO e I p e Rt o pghe
obser¥dd HERENGI NI VBRI ARIAUABARE of BalirkRas oPBYETE.

codon changes di stributed over a |arger number

[%ngi éju aﬁ{ér Y oty Cad&d &t {Vgs ﬁl%fg Qéﬂehfn}'le&) (Nh%ﬁll@r individual codon

virus phenotypes a
pairs in individual coding sequences are over- or under-represented when compared to the

corresponding genomic N.(P;) values that were calculated by using the entire human CCDS
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thus inproves their potential for use in vaccines.
EXAMPLE 7 [0244] Re-engi neering of capsid region of

w@olosoriovuses by deoptim zing codon pairs [ 02EGI/US2008/058952
Cal cul ation of codon pair bias. [0246] Every

' dyal d f.th bl e 3721 STOP"
data slgtoglt v lIla at?og&ggﬁt%g 1‘515 P‘gSlt(‘ée Py o%(?rllcle ?;%ﬁ"g? geé)r%qnted and

nega‘u@@ %hﬁ@@ﬂ)r uﬁ@&% &%lﬁecﬁé‘o‘%ﬁ pair®h th@ﬁ§tnaﬁ él%t%gﬁ?ﬁ ¢Fil %)
for a given "tr gini ng set" of genes.

2] > r
g 2RE ninfahe BT pR e 3P uh i elﬁﬁ%% sodffengd Fas
calculaedIbg avenagingedrcodoppat swrésmctdridmg t8 6ho/BIIAG0R/ ﬂ)ﬁﬂﬂQZ
PCT/ US2008/ 058952 set of genes (in this exanple the
gq@ap ! Determining the actual nunmber of
occurrentes—of a particular codon pair (or in other
words the Iikelyhood of a particular amno acid pair
Lo . . '
g E e e R oI BIcR [ LY fing ol
of theandiodonl qpeon pain sca)rgmmmpmir@ths edgiof anclaktiviigngsthousenciesthe length
fth a rmni ng t he expected nunber, however, requires
of the QU SEHEN T al cul ati ons. The expected number is
cal cul ated so as to be independent of both am no acid
Phueldypnging A saden BRdiaS i1 arly to Gut man and
Hatfleld That is, the expected frequency is
(@2t ul dbhe sanﬁais@uil@gqugm of dIVAM \weas 1preagineecd e drangheodon pair

bias. IT‘HQJPa%esR 0 G&uﬁ@erw&g%‘%&gcdd%n%gﬁg gc? tﬁ’l%é \f'f\:rllﬁ @%/CMHR or the

["'ue” signi
larges€ p@k@tbl@ﬁurﬁbers)fsmﬁtly abddealdby paivefcrdadpg eﬁremPvdvlapa)ndasantroduced
negative CPS indicates the pair is statistically
while lli’ﬁf‘d‘@‘"rm}getﬁ? s g g atllr@h%fﬁ%tﬂreg ehBieeVt [Iys L9101 Y The following

lai} Bﬁ%@@hw%?& té?f[" culations within the human cont ext,
P Ee nost receent Consensus CDS (CCDS) dat abase of

IS t

(B AR Sy AR LAl 8§08 i gion o

score éatha pesitive (Fow-MEaG SEQAaNa4) anddlegatpal(PV Man c$E1Q”1H$ NO:5)
am ng acid and am no- aC| d pair frequencies on

directipnpo Ry deaying the amm}} wewﬂaaht?jﬁﬁi and ﬂﬂé&@@%blé% mggpimally

0 r of
R L
optimodativin goad o e oiienhifm eqnmmmyum obdom pgmrvseure(fodmﬁ Paanapsid region. The
resultllélggg q%ggfi:e n\%ﬁgrg]:gfocc%%gaé %ﬁ%?%ﬁgggpe&q@% ggtﬂ@rcﬂdctlon of localized
secon@ ts’[rﬁéﬂlf%% @Hbé%‘%e?\?e‘n@eﬁé& theﬁ(s'?nthksﬂ‘&i %e‘ E(‘)Ih])nerc;d’l vendor, Blue

Pij]) NE P~ F(OF
Herom]&io@q@hmlpgm an@sequegcqaverd&dn T[ha |n|ewa@p$,1d ey \Wrc hsed to replace the

equlvﬁent%}ft:srelﬁ e&%% %I\Igngggé(fﬁgusc%[h]g?\l i%(t}?gor}é\ft% %rt}oygﬁ’m%%%ﬁon sites.

Virus was derived as described in Example 1.

[0256] For the PV-Max virus, death of infected cells was seen after 24 h, a result
similar to that obtained with wt virus. Maximal viral titer and one-step growth kinetics of
PV-Max were also identical to the wt. In contrast, no cell death resulted in cells transfected
with PV-Min mutant RNA and no viable virus could be recovered. The transfections were
repeated multiple times with the same result. Lysates of PV-Min transfected cells were

subjected to four successive blind passages, and still no virus was obtained.
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frequencies F(C) and F(CC) in their synonynous groups
respectively. Mire explicitly, F(C is the frequency

W@ b@B/121992 espondi ng am no acid X is coded by PCUUS20@3/058952
t hroughout all coding regions and F(C) = hb(C)/hb(X)

[@%?Le Sﬁé C%p b(P re&p&ﬂ%{ qﬁ f\/gﬂavlglgﬁfvﬁ %;\é‘feogmf;%us?nba?ler sub-fragments

(PV-NIRSPEL jnepy.MHm¢CIF) 5 ml Bekh a&%ifo@@@mél (B8bYcodon bias), and the
Further, No(X~~) is the nunber of occurrences of

sub-fragingntp a/]ere c)tpljledt ihtoghe b@ck@lr(bundo disngith thed\oAS su‘bh]@nes subclones

of PVEREP Rl sheg e vl BtsRadHae D s Parr il i NG G ffelne
heno@%ﬁroftﬁ\el\/ﬁﬁ REGIRds NEYRER O RidueICHEEIED GESctRflityNFtiR-viYal particles

250] Using the fornula above, it was then determ ned
rather\&haa tﬁé@Wf:rrmch@l@a jof peeny visas. rQngaing siadios wualve deséing ghe codon

pair- aftgﬂlt‘ég&icc%§m&ra§ 1nodﬁ'i 3 Stg naﬁ%%ﬁ(]{eéé’r"{&[eﬁﬁ%? E)gtﬂi) %@S&[yﬁ a@@@ raagltlonal

chlmeﬁ:ﬁIvﬁmh@tc@dlﬂmymlg%uh@oﬁd%&)f eM-Mie cDNmrarmSg ﬁﬁdmnd their ablhty to
2008/ 121992 PCT/ US2008/ 058952 data set
replicetg it pRing ﬂ@ﬁrmlé%@%axqmpl%@rl@ P\bélog()Pﬁlﬁo é@&fﬁe%ﬁ djgigibuting
1ntern{e‘agaté)§(ﬁ5u1{t§9f &%i%ﬂtp %Q)Vef‘@ﬁ)ﬁ érvs%ﬂly@lﬁé' & e conﬁrrned For
er-represented ' co on pairs Unen Cot
examplegi pori®v(rEs derivajive [s(Ii&SlghedT tmdla'Ve arcbdmtepmr blas:lofn‘tmat 1f0 2 (PV-O.2'

' f a individu alc
sEQ 13, R0 ' s e Bk e Pt Gheh e o dqhet of the P1
capsuf &klo‘ﬁw'”ﬂh% o Eﬂﬁtﬁst b P)V §11?(Z %QLMMZM(]:E@) K hichhak Q%%ﬂlar codon
codon pair bias of an entire coding region is thus

paHbG@H@mWH&G@dbyC@@@ﬁm@w@mmwdawethéﬂnﬁdﬁvm@m@l codon pair

scores conprising the region and deviding this sum by

[0258] | eiigs vortbfpofrimgeadihagP ¥ edireanddV 00248 heqteactgiim g/hcin‘h there
. ...,.codon pair, bias. 254] T capsi d-codin |on of
i i gy R 60dos SRR HRER E1p V0 CHAng " LGB By T pidySices employ
the saﬁ%%oh&{sgﬁﬁtapﬁ&ﬁ% ﬁieewl'&y%@ 'P\/QM) Rane! PVUSRD, ﬁ@gﬁgwﬁﬂ' different

(creating virus PV-M n) he” I argest possib

in thahigndygring b peitelof Psktn sd@dmlepamtp PV(dhedts wigh BVrMm and PV-0.2,
reserving the 0
the ngp Qe BNt Bieh 7 R B gsreth P 8967 X b G iidfer e
subcloilee ré@bh, nioRer the ¥iirdiPNTapdid rdBdh) adhdt idsheitaith PV-OESEIr PV-0.2),
Two sequences were designed to vary the poliovirus Pl
becaupeefils g POBIRHPI3aG @odogé@af@ngﬁd saqqucsshiahehapg pignfgal cogmeover its
full leh@hl\ﬁt@gr‘% gﬂﬂlé{)s glgt X ?1/ Méépnbeﬁg'ia%élu tggmgg the PV(M) wild type
sequehiceal @ Broaekean chutdiad mp@drse&lneame gould Bakibs{gnekmd Ihﬁveezdcocﬁn pair bias
i mul ated ann alunggalgorlthn1mas used for s%ﬁkflln

over thi fHS Plgepnwine shPingrrodens vy JolF reaomiramd RS 2470-
g.maxi mum codon pair score for the Pl capsid region. The
resul ti ng sequences were processed for elimnation of

splice sites and reduction of |ocalized
EXAMPLE 8

[0259]  Viruses constructed by a change of codon-pair bias are attenuated in

CD155 tg mice
[0260] Mice Intracerebral Injections, Survival

[0261] To test the attenuation of PV-Min">>?*" and PV-Min**"**** in an animal
model, these viruses were purified and injected intra-cerebrally into CD 155 (PVR/poliovirus

receptor) transgenic mice (See Table 5). Indeed these viruses showed a significantly
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secondary structures. These sequences were then

synt hesi zed by a commerci al vendor, Blue Heron
w@e@sazignl ogy, and sequence-verified. The newwCHPS1008/058952

genes were used to replace the equivalent w sequence

|nfec i ous, cDNA cl one of PV via two
attenue@émﬁﬁeqtm g tp dhe Cusmla%ﬂ a@% %ﬁblaeu%%ew aé%‘H“PW PVM-

wt Wa@ﬁ@mﬁﬁi&t&l at h%%@ﬁ&osg%éca{ug@ alﬂﬁlé@c)hal{éﬂgéa at ‘f’@’ét\hn@ﬁs died because
i nfected cells was seen after h, a result simlar
of PVivbwt hdhisabitisuatesiphenotypevs drierte) she qvabonmtlomosf addani pagrbias using

our al?%gtﬁ elgz[ls eeglff?rﬂlév‘b&q tllfei auesﬁo(%l?%th éltOf CHgo%Biur ](% (jﬁaalrp%ﬂcable for a

meand ©dt€lvd tacehlkets transfected with PV-Mn nutant RNA
and no viable virus could be recovered. The
transfections were repeated nmultiple tinmes with the

SaTe e U Tun [ NS MRV BIGRTREN AT TS e,

cnhl ar-farl O ot
UUUUUUUUUUUU ~ G I

no Vimus wag obflcAiVitidns 88 MeS Mioeis1216@ Virions | 10¢7 Vlrlons
I“fﬁﬁﬁwﬁﬂmOSIC589524M[0257 The&gap3|c regggp of [PV-Mgmy
—Was 2W0§§8§‘Cd -ato—two—seler—sub |i"9||r,|||.o
PVEMNO'M n715- 2470 atid Pv-M n 2478- 3386) asfad belen ddffe
pviNwtPV- AB (goor cgdon bi as), @md the sub:fragnpnts -

were choned—into thewt—background—As wththe PvV-AB

subcl ones, subclones of PV-Mn were very sick, but

T S, Ao PO P et AR ML

experR@Ed] fe’vf%lehé’bf t88tdoMbh YaiPbiak ReruMétichallp %ﬁdr@in@$ e., it RQkleterious
than to | ower production of progeny virus. Ongoing

phenoﬁmdqaebe |gnwatvé by disturhiggichdor privbias. pa¢onditthesnprayislg an
addltlB atl Or &Rid 10n >§y1:{'%}5t1190us 38(291}? det e[fla@ nﬁg% :{llgeld\r/to att uate a virus.

P PAUS

The €AY pambmlﬁwtme Soddn- Mdﬁu@ta&\léﬁmaam Haek Beemtasied in
and their ability to replicate is being detern ned

CD15ppemddiezpphasviparpitpngated paspotynal(Sex T%hlx%5bf$@3tlolﬁ’fl chimeric
VlI'uSGg ICglrnli)l‘lBF% sﬂ‘&loﬂe@toﬁ’ Qegllnﬁéaz) @1' @NA' sc‘hé)\fe b%gﬁl g&agﬁi for Pép‘ﬁ%atlon in
nger sequence ar confi or
nﬁbdﬁk&ﬂphﬁdhawnﬂM)ﬂmwnuauﬂehumadpmﬁmu@ede5|gned to have a
codon pair bias of about -0.2 (PV-0.2; SEQ ID NO 6),
and the nutations from w are distributed over
the full length of the ggbgég%gsd region. This is in
contrast to PV-MnZ (PV-M n2470-3316) which has a
@263 | ap"ééﬁﬁﬁt“"bﬁf synghetic pokigyirgs Mithctespd S?FHH’QB%“ bias:

imoliélit If v, Qeter sequence. [0258] It is
imp icl rﬁ)tnﬁ %iﬁcﬁlﬁg&gﬁ@pt at PV-Mn and PV-0.2 are

he

usagen%eai .‘illllt\lloen £ codE) &)a{r blasS 1Egrel¥%nt§§(gsgf3 alg?lflﬁlorﬁ?o produce

codonﬁpﬁuﬂasmnmuls@quemb@ same codons t hat appear in the
wld type PV(M virus. PV-MnZ is sonewhat different

[msw atyd Be\iéﬁﬁ%@'aﬂ §lg@rlﬂﬁ?ﬁ td (@lﬁnﬁf; ?\Ao%alr%wgc IEQBS o bR

PV-M™n and encoded protein
lndwld@fd @ed@epaiuswamglﬁamg eehdobprirseeton é‘@@&” a¥V agietfime thafelS as the
naturaiﬁ] oft tHelFatlt g&” (:c)lllle &%grlvo@t%ger& I%»?pneg Rﬁt OhC%l(lI%QI]l:Cleg gf cach

codoanéuOOV%} all h’@l@@ﬁlbl&ﬁn@fﬂg\/orﬁ. portion Of t he codon
rearranged sequence (which has identical codons over

its full length, but not within smaller segnents) has
been substituted into the PV%?D ﬁf'd type
CPS =In AB
F(A)xF(B) « F(x7)
F(X)xF(Y)
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sequence. O course, a nutated capsid sequence coul d
be designed to have a codon pair bias over the entire
wer00gazionhi | e shuffling codons only in the reRtDOSI00$058952
nucleotides 2470- 3386. EXAMPLE 8 [0259] Vi ruses
cqn ruct e, of codon-pair as are . .
Althoggh B sicuBiontr BepaeT Wt 9RcEEn @]pam TICREMLRAY iSbr al
stratglllt'Pd)r%Ifd gﬁbgact@l c¥imalit]iR 4R end Qetf erd e@@@te@hﬁﬁﬁ%ﬂo@@u@nces of
PV-M n755-2470 and PV-M nZ470-3385 in an ani mal
a coderppkat requinessaslditionaksedculaion. e c4loweke dihas dxpieted agmber is calculated
intra-c CD 155 (RV QVvi rus
to be pditB G & icfan P e bR TEREn. il tp Gimuap and
Hatfidld. VBRSs,$ detdd Segintl epdl du¥at&PbAQY 3R @t&/réﬁﬂ@@gropomon of the
PCT/ US2008/ 0 8952 attenuat ed phenotype due to
number afttgs2atanno agid doensadyskhy a piresdicesidagy Huosiivg @rPStwme
sgniffet M e 2195, O8hn bR FERER BN P Sy SRR REAHRGpNC s
indicaéhavpair Iﬁhtﬁtsﬁ&dll@ﬁmdéle&pw@&ﬂed e hemeal gerdoind he
custom zation of codon pair bias using our algorithm
[0266$ T eRfrg tﬁé@é chltatatddnEP Sy ek dERL te@idnQhn BRAQR-rRRH hs using
bias is applicable for a neans to create |ive
over- pawderaeprespatgd eodon pitseby) talking gheraasrage of Hiceodpmpair scores, thus

0e5 Virions 10e6 Virions
gw1ngf%6}§a§’ﬁt?%§s L@@égﬁ’%f%ls&ﬁ% 14 3/4 3/5 3/4
PV-M n2470-3385 4/4 4/4 5/5 3/4 PVYMw 3/4 0/4 -
[0262] These findi ngs aipg Si 6i£icant in two respects.
First, they are the first cl®zEdr—1experinental evidence
that codon pair bias is functionally inportant, i.e.,

The CPBlasdBetAERALOUS al PRESAIMRNEALRS &ﬁ@h@%&tﬁtl@ﬁs shown and
di sturbi ng codon pair bias. Second, they provide an

plotted didiigt 7)o dich @pime fisthe graph oggmmwdsntspsth@ 686roferargebumpmgene.

enuate a
he ofoi3feHFETYB bt FBNEE sRatth pUF panbl gl Bl Byprancga seor
for all%ﬁ@tat&&fmrﬂaﬁfgfeﬁ& i Also HkdHt Fedwhues whpwhegdtive codon pair
at t enuat ed phenotgpe (See Tabl e é% Addi ti onal ) )
bias. ERpgHamp establishpd txsddmapgnd §@lﬁ@at§dt? visessthey uged tympgnipulate this
capsi d cDNAs have been assayed for replication in
i nfected ceIIs and have al so shown an attenuated

ot 263] Const ructi on, of nth
(B o DRG0 RmeHT oy LpblsSppbaias confhyEroRieRoriiny fo
prodi@lcodan phitaledpriftianRhed@64] Cal cul ation of Codon
pair bias, inplenentation of algorithmto produce

[0268]  Using these formulas we next developed a computer based algorithm to

bias.

manipulate the CPB of any coding region while maintaining the original amino acid
sequence. The algorithm has the critical ability to maintain the codon usage of a gene (i.e.
preserve the frequency of use of each existing codon) but “shuffle” the existing codons so
that the CPB can be increased or decreased. The algorithm uses simulated annealing, a
mathematical process suitable for full-length optimization (Park, S. et al., 2004). Other
parameters are also under the control of this algorithm; for instance, the free energy of the
folding of the RNA. This free energy is maintained within a narrow range, to prevent large
changes in secondary structure as a consequence of codon re-arrangement. The optimization
process specifically excludes the creation of any regions with large secondary structures, such

as hairpins or stem loops, which could otherwise arise in the customized RNA. Using this
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codon pair deoptim zed sequences. [0265] W devel oped
an algorithmto quantify codon pair bias. Every
weomsinive2 individual codon pair was given a "POOUS2008/058952
pair score", or "CPS'. W define the CPS as the
nat ural | of the ratio af the rved over the
comPUSLRALPEEC HirrHser S BPygtett ﬁoéﬂﬁlééh%‘ggé QUGEEh? R gene and the
CPB QMBE gd@le cal WERAst6R 0 9s 'Eh%ga'xg&%nerggl%egs fin F(AB)o FAXFB
(XY) ™ F(X)xF(Y)xF 90 WO 2008/ 121992 PCT/ US2008/ 058952
ou ] g
IGR60L P D 130 sEREHS BE PP Bnlach b5 GHIRF Y B R e R ler
represaitexhtodomdpdirssi t hi n t he gene set), the expected nunber
of occurrences of a codon pair requires additional
[€X0¢ Ul TbioBtin Mévet alyaithkad Polldviigis PAPEGIEICnRbddRESy dither over-
calculated to be I ndependent both of am no acid )
represepisd 9 Hederaprycyntcds@ann Biigs Wesnir¢dthe DU Asse s Acygresponding
tf i 1 b S AVANT
to the P stfufhl el of fliol s GPEFShiitncy BHENEVY g our program
yieldingrihéeiM©od-P1 usieg oaer-rapicsanta@iciodon paenGod editityona) speRY NMm-P1
. codon. A posjtive CPS value . signjfi that t iven .
using ea%‘aﬁ?ﬂg?%%tquwg%m% ﬁ%imwawéf %@pﬁ?é% é?ﬂr%ﬁ?ﬂgﬁ% cystomized,
novel R¢QRLHEVE 1 GEond SdiPSaLESR £ Ne2P M PVSVIREALd 88 vARkdaY the CPB of
under-represented in the human genone [0266] Using
PV(Mhvese-G62 dug.atled CPSs, any coding regi on can then be
rated as using over- or under-represented codon pairs
[02711 ak iAniditidnel asenageionfintlhddciacasiopaf resswaoe Sitestthatsvere
. givin Codon. Pair Bias (CPB) for the entir ene.
desigRadnto hepgynihctic sequencapy g%@@l%@sva{%ef@ Tigay et puby Sampia of the P1

regioft TheRO SRR D lhﬂﬂéﬁﬁbn)gse@&% sYRthBGzddR RAY %Sl?qgé ﬁ%ﬁ@%orp. and

and plotted (Fig. 7). Each point 1n the gr

incorppoated syo a dgl-teo gthndDXoRBostruat ef prglosirhsifag 1de garlinEhel., 1994). A

st BB o0, TR0 PETE GRIGRE e AUG s
codorBi MRHASRGrHIR b 1D s fbA o fn!i‘tﬁft@e(gfaﬁy & 3l fyRMcaeRBEses; thus
Wi th a negative codon pair bias. Equations

provid&isg gigr¢ adsathte meaarirrant ghtheehfcetf4iRB gpthogengatipiephass ef
transl%t?o mani pul ate this bias. [0267] Devel opnment and
n’pl?l‘ enmentati on of conputer-based algorithmto produce

FERRD) B SYRGR G ShiBe s <o A S Wb B R Bcterin.
[6&35?2%?%&%%5@%%? p]é%eggg{fﬁlﬁé%%ghggtsf ceo%{re%pnon nllgl t% nucleotides

495 to 3636 of the PV genome, were synthesized by Blue Heron Corp. using their proprictary
GeneMaker® system (http://www.blueheronbio.com/). All subsequent poliovirus cDNA

clones/sub clones were constructed from PV1(M) cDNA clone pT7PVM using unique
restriction sites (van der Wert, et al., 1986). The full-length PV-Min, PV-Max cassette was
released from Blue Heron’s carrier vector via PfIMI digestion and insertion into the pT7PVM
vector with its PfIMI fragment removed. The PV-MinXY and PV-MinZ constructs were
obtained by digestion with Nhel and Bglll simultaneously, then swapping this fragment with
a pT7PVM vector digested similarly. PV-MinXY and PV-MinZ were constructed via Bsml
digestion and exchanging the fragment/vector with the similarly digested pT7PVM. PV-
MinY was constructed by digesting the PV-MinXY construct with Bsml and swapping this
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sequence. The algorithmhas the critical ability to

mai ntain the codon usage of a gene (i.e. preserve the
w0 e@gozrey of use of each existing codon) but PEHUSFL&V58952

the existing codons so that the CPB can be increased

e PR LS PR AL G B P
amphﬁpa{tioﬁlvgé% L Qcﬂlg@é'dkvla )§sch%;zc}?zﬁ colitRP.. A her .
paranmeters are al so under the control of this

@7% ri tC'}e t1(¥ oot (%:I\;'{& 9’1?%?1‘“%;1 nftéilﬁﬁlrggeeﬁﬁgﬁte%d {,:gpemd laeglons

ing o
undeméﬂ"rmnaemarcroﬂvpailange thitoagho @B P 11 rRE5@Wes inGhiadlD pReriodype.
secondary structure as a consequence of codon

[(523/‘5?1r I QREABBOTT RN pBRcidse phdRbter WsRSHS Df RSV E@ fdhomic

excludes the creation of any regions with |arge
sequeses podavyseise B uwestransaabed. asS haiof pighen plasgtiéabdNdogsne from

sbove el oS b Ee S8 §at Pk s sno s gde RA via T7 RNA
polynfé?a{'g@ @St?a[tag%‘ﬂte} N Calfera] H'yh?s piSfbte? hﬁﬁ}eﬁmrtﬁﬁﬁjesclﬁl‘?& fBPL"tho{u'E &t 37°C

DNA 'sequence of a“given gene and the CPB of the gene
(van dBaNVdJéetahsﬂ%Sﬁ)z a"ulsastmsempeﬁecm mter xsHEHdiatR 19 @P68§ing a

moditPEX B3 d ki o der WP ALodsB b il s grilssgr dhan incubate

at roohpt%ﬁ%ra-ﬁﬁe gk*rﬁfom 30N Bltes SYRE Heﬁéf&ueﬁlshﬁeﬂla&aﬁ WistrBmbt & and
1 encoded by either over- represented or

Dulbelqu & madérdesein mddiooddMMBAD reontayen@todomihetcald soim (BCS) was

yence corresp the P1 ructu al on of
added B 3 FRE T hflores TVOR 6 Jon gt o R gmsshor
cytop¥thR! FHeBOCPRY- Max- P1 using over-represented codon pairs
(566 nutations) and PV-M n-P1 using under-represented

699", REL Y- (AT RINGAR 00 RY: pr R cPB: GRS ERIOLILRSERE) in 24

om ze novel synt eti re IO S ‘are
hours+@hizb 1Saa‘nﬂnpa\cé:‘tM o the tOnA& tiontod Pé’éM)thtGRNRB T PVRVak)vinuks

genergtgd P@a ﬁﬁ&?@ﬁ%ﬁné%%@ 2‘1}@@@ rdyg%f 09%' tiagls ﬁeﬁ*(% @éhﬁ@\ produced

no visifs b%ﬁ&hic@fféc%&:@ 98 ¥iBtReIHdhSaaME erﬁ§ccﬁfld B ¥BMited even after
intervals, to allow for sub-cloning of the P1 region.

four bhhégessggastdfeha sipPhafantiyomritagsigetcd cellsnt hesi zed de novo
by Blue Herron Corp. and incorporated into a
[6277) - | @hgbitbsediidAt umrﬁ‘tthmmipenfatqnofrommﬂm sulfjédtgl tolPly-Max RNA

I I TR I AN A

materAYGRE&RLy (F08RRd PV - pﬁ%@oﬁ@ﬂﬁsﬂﬁiﬁéﬁs tlﬁ cBhtt QW the PV-Min viral
translation to initiate equally for all synthetic

RNA yleidsﬁsle@ vigiblia $"P Foafeer i9dihogrsrand éomdﬂmd@awagﬁazfuh@mnmatﬂmt

possil{l{z] gwg[]élléfq%g% et[nﬁcgr%]wq ¢ heg&ﬂ%ﬁg SIEinD has Bge C%Eb Therefore the
full-lcab@PVOI@fsySheth &lgluén dcamsliisy @{Hér-ﬁé}ﬁés%ﬁﬂe@ coddPFafd] in the P1
Large codon-pair altered PV cDNA fragnents,

regioneannetsgroadiagable vitug brbid ideeuldyesd tobasdecloted he PV
genonme, were synthesized by Blue Heron Corp. using
[92¥8i r plebp R 18tcally weG@ameMalred (as p negrelaer in DMEM containing 10%

BCS. I(O Hsg?{;{léli ?gca@%lk&%? SJh?&%h%n??WQ 10% cefls)sﬁleli %er?lgnonlayers using 1
M.O.I. Infected cells were incubated at 37°C in DMEM with 2% BCS for three days or until
CPE was observed. After three freeze/thaw cycles cell debris was removed form the lysates
via low speed centrifugation and the supernatant containing virus was used for further

experiments.
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cl ones/sub cl ones were constructed from PV1(M cDNA

cl one pT7PVM using unique restriction sites (van der
waoReos/ 121992 al ., 1986). The full-length PV-M n, RVF/NB2008/058952

cassette was released fromBlue Heron's carrier

or via PfIM estion andln ert onlntothe
l‘ﬁ%vmo%é% rngfgw%meé VISFS A4 lerVF%E eCtmgrfovrarelaygy of Hela
R19 ca\i/s Mth W@ﬂoip ﬁ%l’i‘&lrﬁsoﬂfetlhél&ﬂﬁnmﬁﬁrenﬁhké' 89 wWA¥hed 2x with

di gestion wth and Bgl Il sinultaneously, then
PBS andaipgmi 1ngfttahng af 37aEGnfen0, uidt 7, 10024, TaneW8 hoect drhesk gims pethts were

sim | PV- M nX PV-M nZ were constructed vi
then agglype ‘GP @@PF awazangﬂﬁﬁwr?@%aﬂ@wﬁ geﬁ?@&ﬂa&w@%ﬁ SF HeLa
R19 Wi hridke céllsr{llér@'iﬂfyctgd %ﬁ%@ﬁ’al@ﬁﬁ? MM)f Yé’ive fb\évth\@r?trve time point
constructed by digesting the PV-M construct with

or purBgad viewsd Toweepysilngyerchthsn ogeriadl 200 8/01(2% 9@genthum gum in Modified

Bagle e RSORA AORPCPRACIRER oL BHEA 6 e Bt b2 s forFvn:
wt an@maMfa%( Rty (9.1"}‘75 &8y Al ﬁcﬁ?‘ swed, vh airkRehentehi e 8Rhideveloped

Creation of himéric’viruses containing
via crgyes \ad)lt:featadmgapé it P gyind mrter wagrvd Bulatasipryesantiegl vishdoplaques.
pair bias throughout the Pl results in a null
[(tﬂ&ﬂh ot Bl repidas of uhdeérmcepraenied ddonpairybias acseues viability, but
ronot er upstream of the poliovirus genom c sequence,
atte“‘ﬂﬁfgltlﬁ‘?\?’é“%ense RNA was transcribed. 1.5 g of a given
[&gﬁsm d cDNA clone from above was l|inearized via an

R &Jsg@sthﬁ: Btrichign skesrionigacd vihsdhe BYdMiihscgumRs wa gibcloned

poriof o PR PRLSB 0 L REDE) AT iR PR

virusegtwhake onlst Qﬂﬁ)egldﬂaloﬁ PRNAd pasr doklam phie biae @Fignt D (Slzan(de?r(Werf etal.,

1986)( g(?plgéqgh %@L’fsséégg %0 e? gxllafsl ed DE(@gq_a:?g )\(f&%)?tgar{sr%gpon and then
transfbACHRA el 2R 16 AN, 2 @Me? w(lt}ﬁ-laar}tl gg d e&‘ (ﬁf l‘ﬁt@tﬁlatlgﬂe
transfection Super at an was remnoved becco' s

(Viabriwgsdare Figagl p MitefilagmentONEMI %mnteaclnslrgytlg %temmtetdeh@\ad:\fer when

added) G e Edn R (L MBS iy KRVl i SEHEREE enuated

(Figs.Qy 4ppatrhd pvefif et { GREMinZ9 R ®but R@ttBYrdMaKasRNAMIn XY .
transfection produced 90% cytopathic effect (CPE) in
Constpugt PNoMms Whi (ébe)u dsd n@tmpdda)&ﬂq@e&, @nd h@appaaﬁnglfyes:tqomﬁte@mated to
yield Vlgélre] tVI1%§| jﬂ}wée SVIII}]. nstrtuﬁ 1105 SC%S?%%Q(? {é"r%%%ncf % &P e%t‘ﬁ:nuatlon
were fivthdf mv&%i@au@ﬂ @6l d&ehnin & theit astufal grobylh RiPaLIEY. C ef fect
after 96 hours, and no viable virus could be isol ated

(@820 a0RLstep wthlmﬂéhd@%a&asﬁl&ﬁaﬁlbﬁ TURRh AN Specific
fromtransfected cells. [0277] The subsequent use o

Infectivity isupdueedt ant from ceI | s subjected to PV-Max RNA
transfection al so produced 95% CPE in 12 hours, thus
[0283] cathiam gadzlhﬂ'tlblb kendtruan shesttpgrgethdmatics weteerxaalined. These

f d
kinetigi 1t Ririiiy FR RN A5 PRRGty | FUBIeRts s b st
mann& (1.8 ran%hﬁ%lﬁs@ﬂ)@lo@v@&' by Ragid qo@ﬁﬁ%gﬁg?o@{h)t Fﬁ)wever for all PV-

supernatant, possibly containing extrenely low I éevels
Min costigictsuthe faiakétctiindermt offtlaghsderopr Umive(PEILD mesttyracally lower

than that of wild-type viruses by one to three orders of magnitude (Fig. 12A).

[0284]  When virus is measured in viral particles per ml (Fig. 12B) instead of PFU, a
slightly different result is obtained and suggests these viruses produce nearly equivalent

numbers of particles per cell per cycle of infection as the wild-type virus. In terms of viral
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full-length PV-M n synthetic sequence, utilizing

under -represented codon pairs, in the P1L region
w@2m8021992nerate viable virus and so it woul d PEBUS1008/058952

be sub-cloned. [0278] HeLa R19 cells were maintained

nol ayer in M cont ai n oL0%, B Vir :
particBiy s T Akt W] BRI BO G b TS Yo e & ey -MinZ)
attenuBed WRAOH RYGY faksh RYs than Mu,omlder bﬁﬁclsgﬁﬁlqe c ?hﬁssth\ééaer\ﬁruses
i ncubated at 37Cin DVEMwi th 2% BCS for three days or

appeag it bq atte@REcdR abhg ery etderwftreérgmthd@m theie spasifitiafectivity (the
nmoved formthe |ysates via

numbﬁ%%%%d%%@%ﬁ%%? F&P 3599118) t he super nat ant

1830089 bun tenressoshr tesons: E@Fer 5t %@ﬁgré%the ratio of

viral Iglh%'l@sfbe@ lP'FYﬁl?SI 1§hl§‘iﬁhﬁ¥§ %r@é’ pdl’ﬂ.f:l@§t SAEct& RREY @r}éleer arnphﬁed
cells wt a glven VlrUS th

on 10| H@meﬂ:ﬁcelxlmasVlr@ mypated Wea:@trbaged/\mgh BN Rse Anita thestﬂ@B@pmdd viral
7C f 1
senony g AR IOV B e Mg et b or B Tyiles were

then i ubaLd f&SBRYur witH 0. E’Ma&ys af® SAM PRI Redchaturee1akr and non-
nonol ayers of HeLa R19 cells. These cells were

virion; ifag prosinsai A prepstly 401ded pug fosmed poliovgiuvg sppsit sy ives thgsdearsh SDS

h
A I e
lysatchBaidiiee pinti @é¢dwin glt&%xﬁﬁﬁlgaﬁdn b{?@m duﬁlfb@é) gﬁaedanﬁt ThkEAvifus particle

for either 2dasfor PV( Max, or 3daﬁ§
concepigptiqmw i tHegsieed qwcaldien% %Zﬁg%@élsm‘gﬁlé%@%]@e() 1 Ké

part1c[%§)ﬁﬂ|—op %260 n?t at c;%?tl 19459! 8l gifid ﬁﬂrfﬂ%ir ¢ gftrtllgﬁs %%{Hduced for

ter was ‘ca by counting vi
each c{f@ReBﬁjur Simadek (Taigd: 6nsA pfaqua dﬁay mep thes gt fern abakomz 1ﬁla$erpur1ﬁed

.. bias re s viability., .attenuate th
viriong o 3gei BT hand BYE Vi Tegnired bED Bty yRE et hen wild-type
togenP}.éTg\/lelaaggpledg%V\e subcl oned portions of the PV-Mn

1 region Into an ot hervvl se w | d-type virus, producing

[%ﬂgi‘eggg% vnvi’lg a‘#&e ) Ep&nﬁé’ %%éﬁ?wftﬁ gdgg :dél\/@fa}eﬁ'to Bé“? PFU per 137

partlc]bg 86Jble F), oomseaaht vath thb hmatamt(l\/ﬁleﬁme& al. RBWGn/Sshwrddainiel"cbgh
tr ansf

1957, @&1 AN ”01215%@)301[1& %Pﬁg‘\%‘F%ﬂd %tivq%nstq# VPSR @8&%@ PV-

MmzcaEe fﬂtthc,e()iéﬁﬁﬂyQﬂ’ 1 K0 & 10,600 p%ﬁ@cn@sS(ITaEﬂeg; 11). P1
fragments X and Y are each slightly attenuated;

T N SR A X s v

PV(Maivtten ucifBon tHeFS IS tre@medd) datd/ithat shdSy/Whmi2kes 0+tB3Rbtions of novel
PV- M n i's about att enyat.ed. as PV-M nXY.
RNA &ﬁf&?%@ apyellen st Higiessyniagyic aﬁfaseﬁ ded %ee%aaleﬁflaaﬂé@re profile
as PV@‘,&‘?—\;\%% RALSMl Yt 5 4R cﬁ@aﬁt‘?ﬂ‘ \4:6\?\%5 tho co&f (T\HO@ Rl Kvn).
Vi

ese VI rus construct CISp aye varyiln

@ﬁ% ee att enua wer.e rth r inwest .gated t

[ L ; m%ﬁlgle{ﬁgﬁ)res«gb %g?dodlr%w%r uﬁ% aggla 1{)1659%1ency, wRereas

over-FpResthel BHiRhakic@ etanslatiand t he mechani sm of
attenuation: Specific Infectivity is reduced.

[0289]  One hypothesis for the existence of codon pair bias is that the utilization of
under-represented pairs causes poor or slow translation rates. Our synthetic viruses are, to
our knowledge, the first molecules containing a high concentration of under-represented
codon pairs, and as such are the first molecules suitable for a test of the translation

hypothesis.
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[ 0283] For each viable construct, one step-growh

ki netics were exam ned. These Kkinetics are generally
w@RewBh2m99t 0 that of wild-type in that they proR€EUSI008/058952

the same basic manner (i.e. an eclipse phase foll owed

| o ar'th ic growmh), However, for all PV
091 ConSimess i the gléecf RGO DE Py Ehbatih, Wl dicistronic
report%f){l\mlélg:r bniit 0683 e, WS tnaig@lidtion @(‘ﬁ@é'ssestmmat ltlé‘ifferﬁ’sfe (R-
type viruseés by one to three orders of ni t ude
Luc) yrdieythe TRpyol dfOixsipatitied wius Ukerngl mwaeme sultry sutﬁv IRES) and is used

I Fig.,12B) i F
os a G Ly Dt <P PR e gy i e st uo) under the
contrdl RE R PolioVFESIREDN dGLIeah this ShY aisebh, the BRI SpREeded by the

particles per cell ?er cycl e of i nfection as the
P1 regipn of pejiseirys,rand this R mimcqﬂld be erdododiby\mypoibe sythgx sequence

TR0 OISR DAL ESURE SR s o

the P1( Yol thé)randlbtabititabLttic Bhirediow directlyadfestahearhsurt@$ §-Luc protein
t han_one order of magnitude. Thus these viruses
produggdh eHpus it 180 QE £ elmfaltl@aleégﬁn%wﬁ liupdumgingeregcos a measure of the

ic infectivity (the nunber
Uanﬂgﬁggti#@ﬁ%bgg%%??egé&ﬁﬁEinerate a plaque). [0285] To
| b 3o BRI - ALY I X 1R AANGRA MR P-Minz
asured the ratio vira pa I'Cl'es P
were msmeg ihioghd yegioirlabéledl A r(B8:. PAAY.i BVQ\?Im)ﬁEJE\CMdZ and PV-Min
viruses were anplified on 108 HeLa R19 cells. Viral

produpg Bgela ES&E@%@@&% af Rileys thagedoss Ahq wildrbgeriyreaiopoxicuely
suggegﬂgggatlhat td e u@'@&: chat&i{l Eé:itslaa[;rg l&\!ﬁ@l§ a}%dg)gt)a\e y@gl tfjdtnﬁlg%on rates

(Fig. 13)(: lhbad)rﬁdlsif BN WMak @ r(wivi chhus@s @¥dr-B&psessenttd 20tbrERAIA) poduced more
enature_cel lul ar and nop-. virion viral A
E- Lucpﬁea BRI PY Re bt SUpSaatn e G o &Y 4oy bstt éggl?ﬁiel%[a% bl gawpared to
pviMBitspiharsh SDS  treatnent, were as al ph particles do
not (Mueller et al., 2005) Virions fromthese treated

(D3R C il S Pk desﬁx_f,cﬁb@ Mdtlha&m%m@ﬁ i on

over a Ssucrose ent 1 rus artic ,
[(?:@:3 emlﬁgtd%cgsrtrw rego 1%8?3% vgeg% ﬁ% n:ﬁ%dtt%ie%tdg@g %Hmuc PV

(Muelllﬂfilet al( FM)QGK eH‘YMeﬂ;&&ﬁl)PVMﬁloﬁpéla Eegikbtﬁbﬁd’re Qlfnp?ﬁéd V1@|P€QER using
our viruses

the olsgolévﬁ%ﬂ}@eagéwwésﬂ (1@4?15@1&?@%%& )96 PABIR-RARI (ao/lel%aA -RI
() resﬁo& V% T g frag%%ﬁ{] VO%] ﬁ?@?ﬂf Ay Mdg[{ret{ ﬁ‘lgéﬂerdqgto%qxtermedmte

parti to generate
Vf:C‘tO@(éE]@X(LTE@IP@@QInwﬁI@g&Q] TPﬁmlnmrﬂneldmtybpied‘(br was thah faﬁlphﬁed in One

Son Sl 1 5, B S B, g
rmmplréé)ttﬁé ﬁfté%ﬁl%dfa%cltcﬁ'g c@ﬁtalﬁlng P\Z %ﬁ W&%Qil?é/&{ethf}f@cdﬁlglhd these
7; Joklik and Dar nel . The spec

fragmientf ecté hgatttémtmﬂle\pdrlwd%V P&Gtm mmwmuamz dllgbstzd with HepRI

ovueh5a¥h el e Pl e R SPREFR b Saf SpdidPROP Pdsemicany

comp@tmtdaﬁ& (IﬁVNﬂog eT RESERIPATRE-PNeMiRRY B pdA(M Y WiinlzZ9
reaffirmthe SDS treatnent data, that these particles

pdiLugifVhansbpdilam® VoMlitpees cquiiindigested with Afhie) andsths resylting restriction
fragnlteﬁ]tg %veege %Xh:%g %:%%E{ ee‘ﬁltﬁe 13165156%‘?’1 g Vgc%irst q‘ﬁes% W&e than transformed into

ure
One Shot® TOP]O chemically competent cells and then amplified. From all four of these

clones RNA was transcribed via the T7 polymerase method (van der Werf et al., 1986).

96



as PV(M-wt when incubated at 50C and quantified as a
time course (data not shown). [0288] Under-represented
weoen2y9li rs reduce transl ation efficiency, WhRCEHHS2008/058952
over-represented pairs enhance translation. [0289] One
thesis for the existence of. codon.pair hias is.
QAT £ el st asWO&fanslaH%?{f%ea%%ﬁﬁ ézantﬁ%ﬁcr%apmés the RNA
of theGRUSKEIPRBbrt& conbiBWd §8R%FaBkfOBd It 8 1(ﬂHeL§mt9ftl%ns 6n 12-well

_viruses are, to our know edge, the first nol ecul es '
dishescoad apaicaigmme OGO (lowriogen )k dn poder &F quanti & the eenedateo efcbnly input

RNA GRS RER0D o SR olpI S By kit ot B R BEisdBzochipgice
(GuHUD) 20R8{0kA18R2 trRhsFEddSAQ0RY WeR9Ded iDpRAive TRiI AR (Bromega)
the effect of codon pair bias on transl|lation, we used

and thgn dhesp Sspiehivera agbrzee by edual firefly €f-Lar) Rembp &3 -Lur) lyciferase

e first cistron expresses Renilla |uciferase
aﬁmy%%&nfég% under the control of the hepatitis C virus

Rl Bimelic Ao PV M S B M o oty essos
1 o ey RER T rhe0 V- MR el Bt il teigs (07

and 2%, lré’s?eét?vegf),e%ﬁﬁi eskhuthtisn cﬁsﬂqgraerﬁin%uf%fde%héeqylioWl%ll codon pair
and this 1 region could be encoded by any of the

bias, wy htlieetiitsshselgibencey diffagultdot thesegicusehtadehat o wiBdtwesearulence.

=- Luc i s..t.rapsl at ed .fusio in with the
As a Giegt Gl dyp B8 BRBS PR Rt T EREPY- & Rethseltub Papagertd s
times,Pospc8OVAN adbfi ®AD1 of 85 f BRE Btck Ras AHIRHBled Bor fhehdt§pRr&¥@idn, and
produced. Thus the ratio of F-Luc |um nescence to

the segugnge of theinaesaeedhvigus wasanertosed or gfversyens or mutation. After 15

| i ‘ : ‘ : ‘ 1
poso 3R R0 BB D TRl GRSl e e
there a8 MVidddutati@isen ititsghthedc kdpien.t he region [abeled "P

" (Fig. 13A). PV-MnXY, PV-MnZ, and PV-Mn produce

(297D | @Rt SmbHRy RAA pdfNabin®f R-Luc than does the
w |l d-type Pl region, strongly suggesting that the

[09VRET - TRPLEBRIR) 6EthE QARNRA S 8P - VNSV A PRAMIRY, $/aOWsted
g. 13). | - Max~ P1

translation rates | n contrast, PV
and c¢nprrehtolRé@Vpwer Thieprasselritenl lyotetingaixr$) ppitiokis segended in

r F-Luc. per unit of R-lLuc, suggesting translation .
PBS (3056 fard) Ringise thﬂarrn%w%&thfbﬂeigrg%ﬁéle gﬂéce alrglm?ml@wa
plaqubissay 3P4k 18 Slb0 Iﬁgizuges]r(?%grl&f MnQPRFLE Hst ﬂhg gen . R tdbflity of the

vivo translation. 3 e dicistronic reporter
synthgmstriemste theel eregidn domsviruses BY -Masedd ang 8N -Mlan4. thesPMruses

were éeglléfé%ga{gﬁg: d glgﬁzisa[sizagFiggé%g%/fn%ngggwgl\&awﬁgof gﬁ%)b gIeLa R19 cells
with (}F?)i M iRQLd, HSMBLXRAnE AVRMidZ)ah Blew A Eor tho in@ﬁcF‘gié)a of
e

| m n- 2A-RI (+)/ Plmn-2A-Rl (-) respectively. Th
CPE. fQrggrdth injigesedgathighucimpingd camdant teaughevepassezesihe lasates were
internmedi ate . vect =& 1 )7 Xlas TOPO( 1 | nvi.trogen).
wsed oG TR R h eSO OB T St B BB rored a

passa@R®, 0 IndTIGRAAQ nohetwvanl | y conpetent cel ls. After
preparation of the plasmd via Quiagne

[0299]  Virus Purification and determination of viral particles via OD,g

absorbance.

[0300] A monolayer of HeLa R19 cells on a 15¢m dish (1 x10° cells) were infected
with PV(M)-wt, PV-Max, PV-MinXY or PV-Min Z until CPE was observed. After three

freeze/thaw cycles the cell lysates were subjected to two initial centrifugations at 3,000 x g
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m ni prep the internediate vectors containing PV-Mn
was digested with EcoRI and these fragnents were

WO c@atzi9i nt o the pdi Luc- PV vector that was eqeel/U§2008/058952
digested with EcoRl (Mieller et al., 2006) These

pl d | li.fied h
for 130Ei% A1 Jhen BB aHIoT dSIMGEE n T GRAR oTB Nk fRshe) ws

s e D B0 0k o FROM Spenll P ot
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virus paotigieewas echietet b ultvamanididugarion ﬁhreughailhe sudrogayradiot fs3.5 hours
(28 8/121992 @SUSZOOE q%$932 [0294] To anal yze the
at =Sy PV ges &h SO &P By of the synthetic
ids the RNA of the dicistronic repgrter cqnstructs
GRAE' £ Ao Fenth Bigstion Ghosuerons S RS Rt Supetmatant
was r@tﬁosyéﬁlalnd tiH @b S aY WasHedRRb et AW iReHBBR0 Aﬂé?\éstasﬁlﬁg etﬁ% sucrose

In order to quantify the translation of only input
was r@ngvedhad theaisfseptarbwasas-sasodpd indHsd ccpmamhng Oplr%sS@ﬂ: eViral

d
tters Sy PR P BERY G o Vi SHGTES e fiot Pas o
deterrRinbd €fa thEERIBLD thidBehch RBmbRS §ﬁth|e)bgﬁ§aﬂ YcH eyt 206Gy dthe

by a dual firefly (F-Luc) Renil | uci f erase

soluties igyhq Npeykiga speqopbepmetes €N a@mpa Biethinojogags) pymgthextyrmula
o V. Z h
o4 B LU NG T e gt ==

TNl oS M R CpTAh e

ul d every diffj.c It fo esev rusesto revert
l 32’%% | er £ PHEAH Yii rigetiongl V&E‘E‘Fyrpéé’f’ ipwgs ipfhergrprharynx and
gut, bLARR: 1nfébﬁ6i§§§el€YVeMi S T T %\ngewe\{lﬁ‘en the 1nfect10n N&reads to
serial | y- passaged t1mes, respectively
motorafeumnﬁ in ee" NS {re %o ® Viebhiwicn fedtiors tlphelmlstiy:mosfs these neurons,

si on, t he sequence of the ed V|r
cuusifg R e R PR Koy S BPEHES eyt dnd Popper
1909;PASSREBEalL NOOD. WakceHROBNERBSNRING tkd@NSQrd thelchfcMitdirgS€ Sf
( .e. same titer, induction of CPE) and there were no

poliovfifugewc mithad |t@h1$0W whether the syhibeticvirusgs ware a{ﬂ@qu ghese tissues.

I|t and The stability o
Therefgsf et 1 G WoREREARL I Sy B s 25 el B sisine the
poliovaAd ré‘&{fﬁﬁ)’ a4 1ﬁtfhca’é6fﬂﬁl tiféction K 8ikes ala a9 €y EChetBLING Fhiub Gvas

1 x 108 particles suspended in PBS to 50C for 60
calculpfed deretie sasgeqtiveyimassid ithegP Y Aingee prebB¥-Mi7 viruseg were
r
attenu\é{ed%llth&alr {):O(Ffo?(_fib%/s%@fnrl] B%I?lggrg 0?26 ?%lcsiiﬁta%e% on%?r%?ﬂé)@@) (@ged and
Muenslh d@B 8) tSdncef thedeevirusyndil disptaypentdatemiatbn tﬂw cBildrbegisedas a
.Qf the viruses PV-M nXY and PV-M nZ t hese viruses
POSSIRAe VEFCE¥r | al passaged. This was achi eved by infecting a
nonol ayer of |x106 HeLa R19 cells wth 0.5 MJ of

Vi r’[%%ﬁe P(Yuced g ec1iacr191fectlv1lt\§ an% Ne%rllgat%enua 1on n t(/JlﬂgStg mice.
the i fiTa P
Virus Asgo Purified Purified Specific PLDjs, PLD;,
Particles /ml* | PFU/ml | Infectivity’ | (Particles)’ | (PFU)”
PV-M(wt) | 0.956 | 8.97x10" | 6.0x10" 1/137 10*° 10"
PV-Max 0.842 | 7.92x10" | 6.0x10" 1/132 10" 10"
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CPE. Once CPE initiated, which remai ned const ant

t hr oughout passages, the |ysates were wused to infect
womewsienet ayers of HeLa R19 cells. The titer apdI/US2008/058952

sequence was nonitored at passages 5 9 and 15 (data

\ [l a) 001 \Mirnc Dy f i nd
RYeMEDRY nath Yd of S rdl’ part)r6cil l@s vi a/9@9Q60 10" 10*
gosarpance, 100 A ondl syer of| FeLes RIS el o) 4y

cal were | n ect ari M h D\// I\/h Wwh
RN M wapwmtmdetermme Puttiberimyvia tei fhrORE. v 40" Obss tirleserul = |
ORfd et t hree freeze/thaw cycles the cell |ysates were

buduetdday divadihyvhe PRUmMaK p&eit kirhdtgahd Paitcl@imi3, 000 x ¢
c%’?a a%&pﬁ{e}%]ig%gtra? QT{)%Q Qﬁl 119{541@&@[%& 1fc1 Q(,rtlotIéo @b [%‘tflﬁlce at

V%Xhé for 15 m nutes.
e A (Roche) mas added to supernatant and
[030ay batvedciahtibll of OD15560tice pPutigesimginuhity GnlPrordiivingainst
dodecyl sulfate (SDS) and 2mM EDTA was added to the
lethalgygBleRee ant, gently m xed and incubated at RT for 30

m nutes. These supernatants containing virus particles

(43058 p@@mnm 66 &k slqidila!;iﬁtg ouen Jig2] sgampwereasigcted
1ntracgggr'aﬁg mlﬁ]lpurltj ie V1ru\s/ Iﬁ'ﬁtﬁtéonag{; a{rtlcq s%%] IIQI garttaleg >1/n 30ul PBS to
deterruﬂnbmaaeptthbgdmgatyl(miﬁdnémgm%lbe sucr ose gradient for

3.5 hours at 28,000 rpmusing an SW28 sw ng- bucket

[6306PT - ThORM! d6td @ﬂ)s{;)ex%srdafdt‘l%@éd Aihe tR¥d SHE MARBCh method (Reed

cushion was left intact and the supernatant was
and Mugndud83&n dVird gitars bethmn@lepélhehand/hramrwms quintificiBBBlaque assay
(dataf?‘fttg V\pshl ng, the sucrose was renoved and the virus
S was re- suspended in PBS containing 0.1% SDS.

5By P VAR e ERF o Bdie st th e e S5 s miksiyre

virus, BuBark RRe@eldad 8c RfaltrBypRe:s) rwoa% HEQRBEY SpeeffictitR @Rty &R
denslty at 260nm of the solution via the NanoDrop

neurogipmoeti@phot onet er (NanoDrop Technol ogi es) using the
formula 9.4 x 1012 particles/nl= 1 OD260 uni't
[q308¢! | do testt PA-Min ZOPB:MRUIEE kea vacchB8Biree s[u(b?l@ﬂl]al dose (10°

part1c{$):%fotﬁ1tstvgt%g %%als %&@%@éﬁ% P@T}tl QP glﬁg) g‘ e{g k g\Pdl égtl 95tg mice

via 1nM\41ﬂegrt(§déQ?1 {é@hb@&héethswée‘k foPgir&r RENART R nddide fi8HE the R¥écine
his infection is relatively asynptonatic. However,

cohort/\rrhémot benplateeeciinnregimendis todllnaypt disoret oheniml ming received

n 19%.0 fections, .the virus t Loys
three el kbt with O ERS SRR el e VbR §RC it
vaccim@ioa) 30i1ll &f KIoedwas cRedck@nyéth ittd 181l GbmN A% £b166d wagsubjected to low
Popper 1909; Mueller et al., 2005). Since notor

speed seniFibration and srsumlisresieds Rerust ¢anverlontagpiet BYQY)-wt was
analyﬂa(al \}u? Mngrg %Eu‘[\fsﬁ 1811;] % e%&tthﬂ%ﬁlgé%ﬁ% @(ﬁ{mﬁ Sm@l/(ﬁgpﬁ% ?%allenge

'ruses were attenua int issu
v1rus,tpbﬁ“saned dcdseingnertiee &doimmicadfioas of WHIDIBSy@lart gle 2007; Wahby,
ét nsgeni c nrge expressing the oIrovrrus receptor)
AF. i Atvoareskepiten the AnalcrrgRatiaadhk @aférnaéﬁ andpgyigl migg avere

challeﬁ%«?@ﬁﬂ @hé’t_ﬁa\h"éﬁ% oglﬁ‘g@\gi/_@& Mﬁﬂ g{t%?l}l{?glgg{ 1\?\1%?28111 WY aVioP BEESin
100ul of PBS (Toyoda et al., 2007). All experiments utilizing CD155tg mice were
undertaken in compliance with Stony Brook University’s IACUC regulations as well as
federal guidelines. All 14 vaccinated mice survived and showed no signs of paralysis or
parasia; in contrast, all mock-vaccinated mice died (Table 7). These data suggest that indeed

the CPB virus using de-optimized codon pairs is able to immunize against the wild-type
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attenuated either 1,000 fold based on particles or 10
fold based on PFU (Table 6) (Reed and Miench, 1938).
w@Rwsa29bese viruses did di spl ay neuroatt enuat POFIUS1008/058952
coul d be used as a possible vaccine. Table 6: Reduced
. Specifi nfe&ggllt zimd Neur o ten i.on in CD1559
virus, proxdding roRYY GuBlTFa! FesRANSSu TG 3R eRg FeraplstoryEyival
followihPellcRagticles / m" PFU/ m Infectivityb
articles)' (PFUd PV-Mwt) 0.956 8.97 x 1012 6.0 x
1010 1/137 1040 101.9 PV-Max 0.842 7.92 x 1012 6.0 x
1010 1321041 1019598 WO 20081121992
PCT/ U52008/ (5éd&?: Pioveaiiomdeaingetialdhallenga? 9, 6 |x
108 119,200 1§/ 3103.2 BV- MMZ Rofdkdfodbry) 1012 5. 1
x 1081/ 13,500 1073 103 2ja) The AZ60_was Used to
det er m_ne nmPtVMU@:Z/m via the formuld 9.4 x 1012
parti ¢l es/ rrﬂp:v_Mm@ZGO unift b) Cal cul gted by dividing
the PFUOmi_of purified vinqus by the Particles/m g, d)
cal culLat edMaek ¥accyMRdni st dation of viPus \/| a
i nt r acet e abrginipetacrizad thicopicsBegomdeses k0" varying
doses paBol}) Qfaesnenfa‘ta‘omsof CDI 55t g mice provides
i muni byclatidngedorigic t 0°RF agR Vidw)-wt etahiatframinglilaen ge.
[ 0305] ifdiepi Nngs of 4-6, 6-8 week old CDI 55tg mice
(Tg21 strain) were injected intracerebrally with
purified virus dilutions from 102 particles to 109
particles in 30ul PBS tpxASgigr np ne neur opat hogenicity
(Koi ke, et al., 1991). [0306] The |l ethal dose (LD50)
0691 Caluheh it YSAVE @aRAuB0A WhETCh et hod (Reed

Viral titers in the spinal chord

W"ﬂ%ﬁ; gL i R b s e ARG RS S IR it
disclosiagehsegtrehnseqasces fadafypaza Wi vits (AlRierta rlhccﬁsxt%emlammd

sinai( |5 Pofity ATRED [hidbeesii kel merioe PBSDENT 3! gpement 2,

- I ose
P A PHN P IS OR Y A L
hemagg@@inin &FA)PBE3 89)1 19, (sGn8enivé ek ctdoghra@ih %Hi)gAFrB 8H 20\ pegment 6,

neuro R ALL: A Ry GG EY AP BrgP T At MRt a2

(segm¥éACE, indBsthRAIrABRoRHENSP). 1 | | ness. Also a set of control
m ce received three nock vaccinations with 100ul PBS.

(R OX;HTE{H‘F&{I @i, t‘ﬁ'@ggn(ﬁlfutcgé%thgﬁ of ht?zﬁh rﬁ%%m@is'oqgferred to
30u was extracte romthe tail vein hi's
hereirtdsoo@REasnexdbjgeb¢ sacleaprodtoin NP, a major structural protein and the second

most abundant protein of the virion (1,000 copies per particle) that binds as monomer to full-
length viral RNAs to form coiled ribonucleoprotein, was chosen for deoptimization. (See
Table 8, below, for parent and deoptimized sequences). Moreover, NP is involved in the
crucial switch from mRNA to template and virion RNA synthesis (Palese and Shaw, 2007).
Two synonymous encodings were synthesized, the first replacing frequently used codons
with rare synonymous codons (NPCD) (i.e., de-optimized codon bias) and, the second, de-
optimizing codon pairs (NP“"™). The terminal 120 nucleotides at cither end of the segment
were not altered so as not to interfere with replication and encapsidation. NP“? contains 338
silent mutations and NP“"™" (SEQ ID NO:23) contains 314 silent mutations. The mutant NP

segments were introduced into ambisense vectors as described (below), and together with the
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speed centrifugati on and serum harvested. Serum
conversion against PV(M-wt was analyzed via
worR@so219eut ral i zati on assay with 100 pl aque f oPEi/082008/058952
units (PFU) of challenge virus, performed according
conmendat i ons of 2007;

other @%ﬁ%&ret ngfilepza plg%yéi)s co—ﬁ%s%Wg&g?%‘%f&[ﬁé@qo&lmred cells. Asa

control B&k RRkd QﬁhsTéE?edV\@lﬂ? !11'[‘ @tvﬁ%/ﬁﬂg p@e@ﬁﬁd[so | Céns (ﬁ%n%&@d with the NP
chal I enged wi th a |'ethal dose of PV(M-wt

segmdnhencatheORIT A7 sergtm]leeltplroancm tigbla Hﬂibl@nmurusmmd@@uﬂo asfls

T 200 ment ilizi
trans TS BN B AP, g g alm PR SRttty oS Wy e
or A/BROBIP UM, vep&dtivitlys appeto Heagidh@dtéd thea@teN\@ﬂl ter@§ of PFU) is 3- to

f ederal guidelines. Al 14 vaccinated mce survived

10-folddawerbarthervydstygayirgs, apaiha putast vrusepbothsiake small plaques.
contrast, all nock-vaccinated mice died (Table 7).
[0H8se ddthaughutigelstoptinazediinflewda vithes GRBI0tias sevetmdy nfgenuated as

» polig R Ron S SGH RS B 188 e dedBo O Ry hee in the

transldtiondBstradde@sl FitOtwPEiises.  RENeS tru RS Ghglb BSRANRRA, aaﬂslated into
al so all owi ng conplete survival follow ng chall enge.

a singicgpsilgproteirpy Sipwdtanélﬁtmgﬁwrwgh thebeginniay af 1he9nlgég mRNfa asgin our
caps1%%§ptﬁﬁf%%§ %’?s%a)( %Hf r)e %ag?latlgt\l/ thg %n‘? ire %éh n?ﬁle t?lus affect all

vaccl na mce recel ve

protemacmi doatraoninfoaes h(a&&ghmpﬁﬂa&l ®gnemf, efn@.&ié&qitmﬂ@thbhrdﬂ@ne will
chal l enged with 106 PFU of PV(M-w via
have lptﬁlf: pfmg&é@pt&m trqn@}aét@p PEHRe othes; re_p(yer F@ggg}on of the NP protein is

partlc@@?#r IR Py f1n ﬁﬁl{g %@Vlhﬁf 1{1%%&5@% < idsH8nd SRAP ]2007)

enza Vi separ at e g om c segnents

Pk SRS o BB PRI s e

NP seghieat (HIN1) ) i ncl ude AF389115 (segrrent 1, Pol ynerase
PB2), AF389116 (segnment 2, Polynerase PBl), AF389117

[d3agENhe 3rovwiA |cM5¥ﬁét@ﬁﬁ1c§"6}“ A/PERBPLIS ‘&vét%gl BN edby infecting
hemaggl utinin HA), AF389119 (segnment 5, nucl eoprotein

conflyqpy moppigpay Qf)M(aéewgla@rhy (gninekadneynichs QK Kaglls) ArB¥bmpm dishes
with d%%ﬁlﬁ)hgﬂt&yg infkiBh IYSVM S ﬁongllNyg%)We?e[ %]ﬁfvleﬁ%? 1gsorb at

(Segmnen nonstruc ra pro

room tdmmpcr@lreorisl Bsnutéd agﬁi@ﬁﬂig@leﬁﬁfﬂﬂﬂﬁﬂlfen @ﬁp}ﬁérﬁaitﬁi with 10 ml of
AIPR/ 8/ 34 (also referred t as A/ PR8) encaodi ng
DulbecpMadéf Ried lumP(Dl‘é[E%)J C@fltaért%e@d? Bpvige opaihAlRgnin (BSA)

and 2&59511 %@Meated Trypsin and incubated at 37C. After 0, 3, 6,9, 12, 24, and 48

hours, 100 ul of virus containing medium was removed and virus titers determined by plaque

assay.

[0315]  Viral titers and plaque phenotypes were determined by plaque assay on
confluent monolayers of MDCK cells in 35mm six well plates. 10-fold serial dilutions of
virus were prepared in Dulbecco Modified Eagle Medium (DMEM) containing 0.2% Bovine
Serum Albumin (BSA) and 2ug/ml TPCK treated Trypsin. Virus dilutions were plated out on
MDCK cells and allowed to adsorb at room temperature for 30 minutes on a rocking
platform, followed by a one hour incubation at 37C in a cell culture incubator. The inoculum

was then removed and 3 ml of Minimal Eagle Medium containing 0.6% tragacanth gum
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nost abundant protein of the virion (1,000 copies per

particle) that binds as nononer to full- length viral
WORRAS/12199F or m coi | ed ri bonucl eoprotei n, was chPGENSI008/058952

deoptim zati on. (See Tabl e 8, below, for parent and

d t NP d
(Sigmarrieh 65 % BEPgR R MeRetisd fBimpinac AP TR Gincubtion
at 37@%@%@%@@&1@4@@ 88Qaialg (BOAWLs ¢RR Qystal Q@ﬂ’ets ynonynous

encodi ngs were synt'hesized, the first replacing

[(EJI&S?:D;E 'E&(irlﬁizé ﬁk’ﬁ@“‘é’“ 6&8&’1%8 v1a‘{’!'1dé Qn[gg Bféa’tdslgg a%?‘ﬁetr%%ql%@sson MDCK

optimze

cells csquarmﬂ, todle= ABRY wi diignd 6294 Enrthmmose LpRCRW MOI iffeetion A/PRS-
0 nucl e l des eit nd of segnment

Mind naI
NP v@‘i‘% dé aygd SEPV%P H‘s?“ﬁ% e’t"%?eP Ert é?' erp@sw%wm ere A/PRS-
NpMT tﬁ@tls 'lé‘g'%tl' by tg@'agmﬁ@ QAR g&' ¥B). Iisillarla@@te%)ﬂ% HNS3-3381d lower than
silent” mut at’i ons and " (SEQ I D NO 23) contains
that o8APRS (awertagerof Téataeahﬁerempﬁumamtls) NP segments were
i ntroduced into anbi sense vectors as descri bed .
[ ommhaaaxdeltmgnnm'rlnﬁuemxﬁmsh@wmm%“ﬁ‘lmms-ﬂﬂm

PCT/ 8952 . oth r seye wt, i .nf n pl i ds
and Ac‘gﬁts L}iﬁ ed SFHYINg %’Bt‘HHF%‘i;]?E&Z'%éb P@%%NP
segm&REL r ol , ceIIs vveretransfected with all 8 wt A/ PR8

pl asm ds Cells transfected with the NP CD segnent

[@?Lg hgll ﬁ]lgﬁ?gg‘} fe % P §Qﬁc?ﬁg%§$géét%tggf ﬁralrﬁgfﬁf/g%a encodmg the

hemagﬁ?utnﬁh ps@cindiA dﬁd ﬂmtpomrmﬁabe\ﬂubmeBBl meteprodacddo Haﬁs is a viral
FRS NPCD aor PR8- NP ?P respectively, appear t
StruC%fé Ol Rt ine Fre fhearal price apagiitige regepior pyadhmenpand virus
ry. 1081 & @crh&‘é@éorﬁﬂb%@ntt&qhé’\‘vﬁg RNVR ?ep\ﬁcﬁﬁ@l mB&indrHe SPUL ALy a
VI ruses both nmake smal| plaques. [0312] Although the
synongteropp enavid mgcbfiPh¥1| (SEQZH) WO Uvemsayethnotedaby dewptimizamg codon

tt enuat ed oVvi r co, [ a sim
pairs Btpe} casony 299006@ &\ 8“%%5%&514% éﬁE %?ga}efllr)&héln’%%tammg the
w11dtyg% cbB&h udaba (1 Bt ake shempeaMes @bnih g 28811t hitiffons
ol iovirus has a single long nRNA, translated into a
compayiea ficeviRIB iy pagsreal-n. Sl ow transl ation through the
begi nning of this long NMRNA (as in our capsid
[icE 9b pt Ansezent syinouges)s aticbding et ide(SHQH3 NAY:2 brw o synthesized by
ent mpssa and th fect all
de-opflgiitestionrath beean hatons oo seproscl BEHER L Para
WRild fAdhf et Wil dtPpeciloh! g?ﬁg@\“i‘“} tHAerré s 855 gieht
Segm%?t ransl ati %n of1 tgﬁ@%t Ig)eru;a reoeer expor ESSSI on of
mutatioine opRPPEdthsi ta WiPBlpgemicstl ar | y favor ed earl y in
i nfluenza virus infection (Pal ese and Shaw, 2007).
[Q&'X@l 3] Tehareat ®Bil Y4t ond BIAM ek ments avevi nml@duwdrlmor@ abisense

ai.r . deopt,i m P segnent [ 031 The gr
vectop g ReR P D O Saysh AP 2L BERds do-
transfbcﬂ&?ﬁftd PR T/RINEK WE k1 tRARLRY &h S d8ftiolyRigH HAMars@glngﬁmb%b%er with
i dney cells (MDCK cells) in 100 nmdishes wth

the NPT tsergfmant ind ths reghainmieit anla(nlmts \yere vp1tagsfeetod uAs gsontrol, cells

b 1mn
were i BAFM b SRRE byl R REBERRL MR sl 1 or
HAM‘ﬂ&gﬁieanpro@th@ eRbR Wadiaf Uﬁﬂh&a&h&nb@&i oifthé aNEMD air deoptimized
cont aini ng 0. 2% Bovi ne Serum Al bum n ( BSA) 2u /m

segmeptdkAL  editdIP Try hB¢ Aeva ﬁeomewétve@seétarerﬁ@rwtp ap
pB1M8 'RR,9A/P%{% H%%‘Mm, IRE AKERS- HAM®/NPM™, respectively.

[0321]  Growth characteristics and plaque phenotypes were assessed as described

above.
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hours, 100 | of virus containing nediumwas renoved

and virus titers determ ned by plaque assay. [0315]
woRwal2dt ers and pl aque phenotypes were det er PETIES2008/058952

pl aque assay on confluent nonol ayers of MDCK cells in

R el prb e mtbm S ce et Breah ENE Aemdsed

Vlable(%l\/wpﬁm@lmmr*@ afld %/p@@ﬁmnmﬁé‘mgmdﬂc@& Sthatde BRLc oo

29/ TPCK treated Trypsin. Virus [ utions were
MDCK| catle doroparcdto thiyBORR 8 et (Bigahth al Husthetnare, wadew MOI infection

on NP RGeS ARG D ety PR BN ARl fucrezampp

kineti@, €§Jckiallyl lfiont & - lm%@@kofnfecﬁbﬁ WRQE W/PRE-HIES" /NP titers lag 1to2
renoved and 3 of M nimal Eagle Medi um cont ai ni ﬂg

orderx)ofe%gmta@%lb%m%% fog. VAB)2608! titziofgp both A/PR8-HA
08 % th Min -
A/PRgg%% Cﬁ@@?? 2@ ?01%&@&%@&19{ f?{]e/?RgZﬁ R/%ﬁ@ I?K /NP is more
severdly gtd@ﬁh mamrdeathaamPRﬁlmM% Sit ey & atnsludbd ﬁﬁdthby:ffect of
staining the wells with crystal violet. [0316]
deoptigiping Wpseg P ddityFabl e virus that produced snall er
| agues on MDCK cells cqppared to the A/PR8 wt (Fig.
[0BA) . Adtemnation pEA/RIREANN ownnvOBALR e mouse medeRs-  NPM'
mani fests a del ayed growm h kinetics, between 3 -12 hrs
(R | Kirewtsiadi6;8 avestheti A/dHREL BiAMCe 6tvi ¢clss of hgegsert given 12.5 pl

of A5 BFRTSREr “Tharoie find o poirorliiFa ot £ Byutons
betwedh 1 He4rRINtO° PXRRSH VIRRL MortaliB3dnd mQﬂ)ﬂﬁW 8gh¥ &dsk QBdLQ{;:d activity,

| nfl uenza viruses A/ PR3- PB1M n- RR
death W RRBORAOTHA | KMoy S9gl Bodbrs s ee pampbed pERsed and

Mucnf R Q% A 304 WPy SRATERE ach %@gtfg{?&ﬁggw ol 34

optimz genom c segnents "o

he herra ut| e .
IR0 e PRt P At e Bt Ao gigh 194 PFU of
A/PRSINFYELWRA! APESHRI Brodp OF bWsicOeal ﬁ@t@a%ﬂﬁat\édi kxddh a%'_s”vﬁt@@ ?ﬁock) 28
medi ati ng receptor attachnent and virus entry

days fojowingrthisiimitialcepiopteon the fmieheesgi challcrRi witys lp&ﬂak d%n of the wt
virus %%Eg n‘%%éﬁ? %?emofm%qlm L B LPXpONYMDUS encodi ng of PB1

was synthesrzed by de-optim zi ng codon

PRl P ﬁ@é@ﬁﬁsgﬁéﬁ%égs%?ﬁﬂ‘ﬁ%ﬁ e G R0 ARRsT " wes

1 x 1009FUE APBddse MEnoRR) AReRpt " RfebteMlicRRrEQ8d. alt Ban 8@3@0ncluded
silent mutations conpared the wt PBl segment. [0319

that AAPREDBNJ is gitempied i nembdmnge than w\fq@ri@np@em til@)wt
nt hesi ze airs Q

virus 1 AR By 15 S0 L6 Ty THE BRaa

with IS)é @UERS )NBM’H lesulfe@tigh MiRtaddneicfilldty peindedad bysagative weight
M' cont ai ns 355 silent . nutations corrpar ed

loss og Jess thén \M)%F@ag 484wl 8 gwod8vaquirated migersuppved. NYljee mpfected
with AP#sHMe SHIWBH éxp‘é’ﬁ&?ceh%ﬂlg %?gqlq 1ds8GRtn By ATRIIERS B of 8 mice

infected with A/PR8 died between 10 and 13 days post infection (Fig. 18B). Two mice

¥ ccmat10n of mice

survived and recovered from the wildtype infection.

[0327]  Upon challenge with 100 times LD50 of wt virus, all A/PR8-NP"™" vaccinated
were protected, and survived the challenge without disease symptoms or weight loss (Fig.
18C). Mock vaccinated mice on the other hand showed severe symptoms, and succumbed to

the infection between 9 and 11 days after challenge. It can be concluded that A/PRS-NPM™
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vector as descri bed above and together with the other
seven wt influenza plasm ds co- transfected into

WQ2BFNMICK co-cultured cells. In addition the PMAVIIS2008/058952
segnent together with the NPM n segnent and the

) remai ni.ng. si x Wt. pl am ds wer cotra sfected
mduC%cﬁPrpre&rweg Py ijEPEe phd Rt Beaptsatihass i V%a%pu%ﬁ%ﬁéluenza
vaccil, At OeirusEelUch ab NAPRS pt - RWaﬁJFA?PR@ﬁAMD‘BN@MM Yt BbOfested in

HAM' segnents produced viable virus as did
mice, wrrﬂﬁadatpumprmfﬁ futieer dlacdommefeipt prapertics of cpédn-pgéglnemrslzed
mﬂue I N Vac neThe new de-optim zed viruses are
P%af F‘%SS% St §9°N PR8- PBIM n-RR, A/ PR8- HAM n, and
A/ PR8- HAM n/ NPM n, respectively. [0321] G owh
characteristics and pl aEKIaMPIENDL ypes were assessed as
descri bed above. 102 WD 2008/121992 PCT/ US2008/ 058952
[(iﬁ%ﬁ ] D& meEBleghBBthrﬁﬁ Ssut o ds f(ﬁ*riﬁ‘aklng and
Al PR8- HAM n/ NPM n a produced vi abl e virus.
charwelPR&ngBIMQiﬁlREwand A/ PR8- HAM' / NPM' produced smal | er
pl agues on MDCK cells conpared to the A/PR8 wt (Fig.
[A328] . KElomstractimg chimepvitwes Mobvenkipging 86€R on VDCK
cells A/ PRB-HAM n and A/ PR8- HAM n/ NPM n di spl ay nuch
[0330)!1 cedhgrsahh thr&ilg‘h&iabb) stterRaReaehahityifus pedformdbhpBicing
st infection, e A/PRB-HAM n/NPM n titers lag 1
appr0¥lérlazely 8Perép ﬁagmeﬁﬁémr@ GRS BEANATUA/IBRE Yirogtext ysihe Poverlap

PR el PRest e P AR Ty et by 200 by e he

scannNgRFiﬁdovAss 23 (PR lewddy brut MeVenforgamidrye-1 OQéxpefDEd:a}ch guewvmhhnenc

tarded than A/PR8-HAM n, it can pe co ded
virus. FluBeieres Topodtus e iR 2 (v UG SeBbne S0 bt Ponsid rgion
has be{eg%?tgﬂedffegﬁfﬂé’saéﬂoﬁm PEriYeRESirDRY The s@n (ﬁ‘rﬂ@@lﬁ 96-well dish
nmodel s of 6-8 anesthetized BALB/c mce 6

formapueblch h@fs nwg@thne effigioné pappitptaginalyat twe PREscssimultancously.
A/ PR8-NPM n virus solution to each nostril containing
[(]33—1] ol dhsemitalg Ida'ltbltjﬁli i9psogiast amamtsd @2 warnpdashOds, lﬁd’Jc«iﬁtaining the

sequeis glyhg WQ}I’@@L 'a{“% R Mo o e iiansodBe %@mlds
1nclud(e%oche Yl‘@c%séé%t QHJn@ﬁt‘é‘ Gofthe P{Were{)fﬁrﬁéqgé}'leﬁés fFeesh }_@,@ﬁi deMiRACH al,

. J., and M Miench
1986)2171&11@3%496' 5F7 RMNAR pelynEraghproreter, \ﬂ@er@nva@rbﬁmamwymc(élehyd and

Atding AR B8 s RGBT () TS0 b MR B Rl used, the

A, M Wot Mu%z[ﬁf,) hd BSpatDSKd Fig28 THaNBpdiPahpfiddghd Bdstredl B0O bpkegment
vacci nation the mce were chall eng\gd with a |ethal

of thedggantofirughé dogs noy pmpkifyaypRecayss the b pridichpaitsoare designogegsed on

o5 e (3 T RO 0 sk e

desired @k Obf thO At &lirkl g¥nBMRB:- Npbimaritlyf eetued0-26 b dfk;bﬁf&/ﬂlap%qudﬂce is
n be concluded that A/PR8-NPM n is attenuated in

built 1%«%&@6 By CTH5108 ceia Prangrés ¢vellcpsr @9 B b r@%@éctwelwlms 20-25 bps
overla (rl 8§ ¢ Hfg?en?éﬁ%ﬁ WAk BB WaS of QH@A%Q%?&{{&%Q fhe 5 end of the B

accl nati on experinents. Vacci nat1 on
segment, respectively.

[0332] To carry out the overlapping PCR, one 96-well dish contains wt plasmid
DNA, and the 30 different A and B pairs in 30 different wells. A separate but matching 96-
well plate contains mutant plasmid DNA and the 30 different M primer pairs. PCR is carried
out with a highly processive, low error rate, heat-stable polymerase. After the first round of

PCR, each reaction is treated with Dpnl, which destroys the template plasmid by cutting at
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with 102 A/APR8-NPM n resulted in a mld and brief
illness, as indicated by a relative weight |oss of

wo e@s/12199n 10% (Fig. 18A). Al 8 out of 8 vaccPCEHUSH08/058952
mce survived. Mce infected with A/PR8 at the sane

ose ex ienced rapid.weight |oss with severe e
methﬁ%%i&gﬁ SEES- g iEdiot frameRe Ryt 4R malkhBiamHrRdeptioRde fien
mixedlid PRI rh3tiSlaMsrR oS b tHiRf ®Rlve rd%]sﬁlFiT_gllisdt;rﬁ@)pri_nTéi\@ﬂﬁﬂl&ﬁg the entire

survived and recovered fromthe w ldtype infection.
constiuoi3RT psaddon ., tieah | emyB2 witriers) 08inct nech sepBontdA, M., anid Mgy

. all A PR8- NP, . i t t t ed d . . )
desianfihto Dyl b aar L gt Byt 2B bR G LGt Biniegon is being
drivet8y BififnetsQB& chfrblly anldi®) a NP gAGEHANUBE sdpnk@tsQmntdl@nd

other hand showed severe synptons, and succunbed to .
mutuallyeextanflexieidsng fyltlopash podyeipiter twagsthegerayeles hihis éng e3-tube

o0 S S e BB ST MO g dcsion
' [ [ i.ce, h h i al li
[MEL&%‘@bﬁ‘eté“ﬁ%gﬁQ%cf%é‘%r xg%fapﬁéf”bi Cuses bh d
PR8- 1"n- Rl - M -/ NPM - . )
[‘%ﬁm 55,011 nﬁwﬁiﬁ@‘g’d‘”% EF? M\P@mﬁrweﬂleﬁ@%g%%@%f jimric

DNA RERREES 6 ucell :6ALANIPAL he R B%itfgaﬁﬁﬂld doRnkHERE Begulato
Viruses as vaccines. EXAMPLE 11 [0328] Devel opnment o

clementsghdds adtve vghbRIN Agmthidbdgodwumes maikli magticesdipon incubation in HeLa

aracterizing,vital chimeras 329 structi : .
10 o] 104 e 190D (T aPE AR RERh o3 e AN magiuety. it i
possiBlBtPaRfRaml PUARBHAFRE ditea inty HeUS chifs B@FdsinfBet PYRNA
placynqv approxi mately 300-bp fragnents from each
polymeiasari theicyteplasit o a wt context using overlap PCR Any
gi ven 300-bp segnent overl aps the precedi ng segnent by
[03350 bhe furetipndlite of sashwhimgyioniindowthics ass8P@l g owngjcty of

.but. nmpves forward by -100 bp for each w chineric .
relatiy3f R Ry o G e KPR Rt R PRRHE U8 08 1 e irus
induc@NEPE i 96 3RQFoRRatO€stitt@iof dPSirts Fre8h@idn RS AFINSA; quantitative

altered) requires about 30 chineric viruses. The scan
measyrempreiroff graveidl kimetio okl eineints $iovirkpais]cs indsalstadgne cells in a
i 8 TG A BB R IBL S P 5RGmspric
[IU/Ppiagiogr am anmounts of two plasm ds, one containing the

sequence of the wt virus, and the other the sequence

[6F36{ he THY F@dtioNdlty & cabtA&hRhARVIES cah HehWdsglbd.t RBmerous

necessary el enents for the PV reverse genetiCs system
relativelpahighdhrovghrfut assapg are avaib®B) | A fins lessaly mapyt tedo Tumlainspect the

ot Q5P BB o 1S FRBTERED LT AGRATS S B o

can ali®\b&amPAl dusorfite PURwRIl ARy usitiper Wi dye, baevisval iddpeétdn of a 96-
Mut ant and B pairs. See Fig. 9. The Mpair anplifies
well pl#e forddiTh equisedlethawginieir of gﬁndesr@ tine.anicly isrfay enpygh for most
pmpo%%es not anplify w, because the Mpriner pairs are
esi gned based on sequences that have been

[lz%}gr: ; §%cfac?1]1tgl, ¥ tda%;sea et {}artlsl%eectlrcr)}’ll,t \?alp&s'pr(-)rcli]uectién %91 b% agsaalygg using
the ELISA method described in Example 3. Alternatively, the particle titer is determined
using sandwich ELISA with capsid-specific antibodies. These assays allow the identification

of non-viable constructs (no viral particles), poorly replicating constructs (few particles), and

efficiently replicating constructs (many particles), and quantification of these effects.
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desired flanks of the w viral genonme. Inportantly,

about 20-25 bp of overlap sequence is built into the
wG2008n29Df each M prinmer as well as A2 and B HCT/US2008/058952

respectively; these 20-25 bps overlap (100%

lepentarity) with the 3' end of the A se
8T s Thkg. Tor & e puaniitiveeterpmaper iy %?10“?1@332}1“&%“10165
as detEdhih¥d Qd&ve%ﬂﬁn@&ﬁﬁth@ﬁﬁb Qget&g%f ffé@l? 9887 1Ate o Eheasurmg érowth
contains wt plasmid DNA and the 30 different A and

kinetigr Atsvariougomgs (G, ér érﬁ Swel. 124, 43 IRdpaftcatmfedsiom) reme Hiwell plate is

t ant . s ] d an he 3
remorapd e i lobos B o e MR G BE al e Vs e
numb®d gRlina] parEEIRS ﬂo‘dﬁced' o REEHO¢onk A @ at ERAME! iBAbRrmined by ELISA
pol ymerase. After the first round of PCR each
as abqvgaction is treated with Dpnl, which destroys the
tenplate plasmd by cutting at 104 WD 2008/ 121992
[0339] USPowsh,0B8H5P ratiecdntcanesyu@iAie@ Siangds 3)An al i quot
fromeach w and matching nutant reaction is then
[0840¢d HigikCResdation seansuf fer in a third 96-wel |l dish.
This time, prinmers flanking the entire construct are
[0y (if the lethdigy OF thaRehubs iPHid®Eany stialiCRf@acpreghimLh the
A M and B). is designed to overlap each adjacent
capsi @gha@n@s tﬂay pedlimipgydatagngdigate hen giapy er MRg of dheghimaras gre sick
i,n
and o M e Dt Al R arl proppbly o
neces@xy.eQdnveysody, df sg druhdre o€ thigt300 ppadgratntatld esust Weahaity (as is

T EN P RO S
descn%@d ¥ab, fhyRrrde %ﬂaﬂﬂam{n%ésh@ﬁgﬁﬂ gk 'céﬁhbﬁ’t@ t6’ the strong

chinmeric viruses [ 0334] Upon incUbation wth
phenotygleyafhia segmdnite tlfeLgehoﬂne Nepnhs képeetad athgh@rramlutmfor instance a

30 b JGTITRY st (g BB oo b ter o Bsh g Jp Ry ed by
pheno@ﬁ% Nﬂgj's‘ish @BQ%CS@&I Hbdsdlot RRbIvie PICEE ofkRS MuitdHe WRAS; iAfReddNthe

10 cell extract E}E Molla et al., 1991) or upon
altered @bpisegmemnsns dfmgileél@luact intosPCIA|priaranafor vhel Wt virus. iThis allows the

o] tr f constructs directly into
changﬁé%%ponsﬁlé?o&%ﬁagit b J{)ngOD?%RNA pol ynerase in the
cytoplasm [0335] The functionality of each chineric

virus is then assayed UsXANPAE/ & iety of relatively
hi gh-t hroughput assays, including visual inspection of

[(mm Cel0fpolify ingestipativhd hto thdlﬂUIé@ﬂla@BﬁchﬂniQﬁrs\hﬁthrlrm SAVE

format; estimation of virus production using an EL

[Nt i t%;ééq,fcmgenent of growth Kkinetics of equal
anounts of vi raI particles inoculated into cells in a

[@ﬁtrél €s Tgsfo 3 0 lamp eagh%ﬁeraggﬁgf;%?ﬁ gF g@%ﬁrf) 8%%]“&? gﬂl%%lingﬂlseS

|nf ctivity(rnfe ous unit
(i.e., 4 ©F3olal Tiresdspme tusahial the follokvigactpeahiensr iViablé chisnecarhaving

assa relatively high-throu
relatwa?.gs S st DT byt VRS QR BRI PP %ﬁ%ﬂﬁ For
instank® S&A@I%Qés pe preekk SP\uﬁBm@O 854, G PYS K BPEHTO (. pp Hlef(f?:f)ptlmlzed
virus-induced CPE (cell death) in 96-well format. This
codon virus (see Example 1), and PV-Min">?*" and PV-Min*""?** (see Example 7), are
suitable. Even better starting chimeras, with smaller inserts that will make analysis easier,

may also be obtained from the experiments described above (Example 8).

[0345] RNA abundance/stability
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can al so be run an automated 96-wel|l assay using a
vital dye, but visual inspection of a 96- well plate
WO 2008LPEYY equi res | ess than an hour of hands- oPCT/UR®08/058952
whi ch i's fast enough for nost pur poses [ 0337]
ys after transfect vir .
‘E*r e eBrethuly llg S FEROMS ST GeHIESBDIIES HErgbRNA. Such
destaliBS#40h REGJITR aFREPLBecBof tﬁ%&l@(f@l@&dﬁéﬁbé’ or bR B dRRELdffekfof a pause
titer is determ ned using sandw ch ELI SA with
in tra@hq@@ndorsnmrldfefe@t arftanplotive ésee, FgsBorme sa«} Sarket, @A0¢)hehe

dent |1 Cca bl e constr no VI
abundrgg?et (?fl tp%gl)u%anggg?,ﬁ{)}\ug é?) hIeEeg(t)re ﬁ:éargg]ﬁgt ﬂ]&% & of ?QNA from
ch1rne@1@ hiktEht&Sous, aAAdyvt vafuk iafd Bel Ynd @Rhiféaéd g HEDS Efﬂk&c Samples are
parti cl es), and quantification of these effects.
taken Iﬁﬁf 22;\6

8.00d)/ 1271 900 apt7eddy 098tysBoising ayggantitatine RCR for the
two dfffé"rerﬁ f 1%151%?1 wB akd e‘é‘g ef&%&ﬁ%ﬂe%% %&ce?}?e‘ﬂéhre%ff{é?e

VI ra es as OVG are | nocu

nucledtitealifferseds e\ @ntrot @#th Wa6-raERNApdcatieised torP Wsas(ttid dvgon-shuffled
growm h kinetics. At varjous tines

o, 2, 4, 6, 8, 12, .
virus vz&h azg phepotypRyis @lso dopce A reshped wiie Ogeuwéat fo Wf %ires RYA indicates
that t em&ghgglgd?#glggdqg\mo cycl es of freeze-thaw ng to

i berate cell-associated virus. The nunber of viral
| h t t t h t
R, o i e " o o oue T 0850] Four th the TU P
d
(5 %ﬁgﬁeﬁ?@‘? S e TR bpdo Gy SRS and

some ¥f fté«'&fﬁ*ﬁfahf'esd e ERaMPRYs. SBlido HeiPfion ckpéaschtt Meabgited with
the capsid gﬁgl on, as the prelimnary data indicate,

the codpie nairgagptimizedwirusoP Vi Min kemidritsrchesearchinseras Thanelisqnrigntly no
good {1]1% éﬁl%cﬂ] PAs kagflgenc!: fasttg Wthyld% o]%thﬁ z%&‘%g on pairs should lead to viral
r-reso I On scans are necessary.

1nv1a‘tﬁli)ﬂyvﬁfds&lnye ihfesQE@in@th1efifet aﬁ tﬂaﬁlﬁatﬁzﬂﬁnkbphaﬁ dIEih Stediee
cause lethality (as is possible for the
underlyigoRee883- mi zed virus in the segnent between 1513
and 2470 which, as described below, nay carry
[0349hs| & vigie tranaletiers were pegamned: inAwo dinds of burasts 1@ Exaaple 5.

One whs raoggué)gﬁglﬁn : t\ézﬁc‘% p%u& hﬁ a %S&f}e \)/hwﬁ h fid gg@ongée%guhfcfzed

repea resol ut'i ance a

Vimse\Mgﬁd@Mpﬁa&\ﬂtm@oé@trblﬁ)sliiﬁ)ﬁlv\ﬂelﬁ oﬁ(HﬂSsIaB uﬁ Teﬁtrzml @foré blesaP0- bp
segnent, followed % phenot )égl c analysis. A 30-bp
apProZ I JeETHldk Vv SENGIEOPER Bhichifes daopEmizedioden viruses were

1nefﬁ%?[?té§t?¥t;la}%? OTI%%IR\%I%%oéOdlﬁgreﬁ&%'B%R’Beehsthéjc%&fag{%egle more “native”

priners he wt virus
extracamlagwet diblgzeds hﬂdtgeﬁowse&ﬁolas MRNAS werel ot Hedtiolyyd tvithm@crococcal

I npoi nt ed. EXAMPL Ongoi ng i.nves I.ons
nude#)sﬁ't ‘g‘e A R e S&‘Pﬁ‘?ﬁ@ﬁ% CXP8 )g?lmrﬁ’@o "’BCA‘%E%“(% s pxfract was
not su?Bféhﬁ:ﬁteﬁfwﬁf‘é Eibus [tlQﬁ'fk"']InTMPpﬁe&nft Qﬁﬂyﬁﬁé’sg'%@r ﬁ%mnﬁﬁéﬁﬁre

romeach of the two parental inviable viruses (i.e.
altercd oh@at: tiroe &ir i pains @s he@srydeded whichdatotht owishggnificant ‘offect
on trangigtmn rﬁe?gﬁstance aabtlh?dncl:éq 3Tt ?ssthe agclhplgn of amino acids and tRNA that
allows translation of the codon-deoptimized virus strongly supports the hypothesis that

translation is inefficient simply because rare aminoacyl-tRNAs are limiting. Such a finding is

important from the point of view of extending the SAVE approach to other kinds of viruses.

[0350] Translational frameshifting
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relatively small segnents of nutant DNA, but having
strong phenotypes are selected. For instance, viruses
WEPWsBYOR: 1513, PVAB2470- 2954 and PV- AB2954- 33B6GI/T82908/058952
the deoptim zed codon virus (see Exanple 1) and
-M n755-2470 and ,PV-M n 2470- 3386 (se Ie 7),,..
sl it B Rieaciuch Bl dligpe ﬁ@%@é CP PO e latonal
framemin!gefhat ﬁsﬁrsbﬁletceéén Yhilsl tHEBIRsGRatyal $hi®aRicY dlffeféavreadmg
al so bt ai ned fromthe experinents described above
frame( &)@bthm e @)‘3 at 410 @4BIMEMAP abdondtee erasslalbigd 4 sppriv@epandde sequence.

2008/ 121 PCT/ \JJS2008/ 058952

This (e B R o R AR REP ISR Boops G r T gaesent data

revealﬁﬁ@ﬂhll@@ frakirhdszaty g tBOUWBtmbE@nBsednefClom rékdie 1513t618470 are
novel sequence, or an indirect effect of a pause in

non-vablm Jiuthcanore o] ganeees garviag thinmuiaaheigian rradycs@enovel protein

band §urthr i vH %Pgitr %\‘Rﬁ%ﬁ@{ergﬁ@l 4398 (3 b@é‘ed%gcé%%a&@&

exam ne ual”’ anDun
asterigk). Rhl@nfolvﬂl’prot!éhi Jumld e thur@tt of afitisneshifid W virus are
m xed and transfected into HeLa cells. Sanples are

[0392¢Nn &xkbh@inaBon 8f th8 sc@R@cdih the 15UBd24mmaIhMERA rd)als three potential
Northern blotting or quantitative PCR for the two

candigjit sigasdhnt confoan tefissslippgiy daptamerie gaiseysudiseqicaguios hhbl e

SR8 Uy L DSOS SER Pl UL e L] gt o

AAT eQsteitiosh U883 Al 19481 attl TMITIA- ET\Mat p&eﬂ@t ype) Theyatsllowed by
done. A reduced ratio of nmuta to wt virus RNA

stop cpagdRtlss | Teaa atIREO cHIRFrer 8%%@8@6@@@% bihei fpeacria scem the
more Eglgnélm é@ tB odlcBAPhAd | bﬁt’ﬂ L)Q%%@éd jansl ation was
e codon

duced for t opt| m zed virus

[ML s S qg%e%rmﬁnteswlge%er\ﬁ%ﬂe\éﬁ%tm Slg %{3%95\? t cl??%thg tﬁ/rl(ejé LAdidate

[ ation experinents are r

regloxmas Bepd ey lrrmtauediso/thauls bédVunfavarubld fos fiahesidfting. Further, cach
hi meras. There is currently no good t heo(rgﬁglé much
of the|0é%@d%tﬁ§t0@@pé@r$dé sepggately nyidted ohtanss sxienc ddste pangw point

mutatﬁg]ﬁlé lt&tédﬁ%ﬂmtv?tr%{rﬁﬁfl?tmhn\L'o 61} thé }{?Veq‘ Hg 4&% ro em upon mutation

I nvestigatin ect on translation nmay
of thelﬂrdmﬁshllﬁaﬁgsuehe an mnﬂiebfaivla’ngth,aumHMmC[r@a%ém ndoheculat‘ meight of

| ati ons were. per rrred two. ki nds of e acts
that pfOﬁenrfi v@nsehmleﬁ@ewa& &oR 6 miﬁiﬂfateetgi‘trfg FN}%% i qgpurring.
If frarAdshiftifk® Blthe cdllec WPIHERLENEN TR 6QLRBIARORE W bARY of the new
viruses gave apparently good translation. The ©othe

mutangéisit ke tierfeeoes bt steds tstetiyn thepooteihetitha s e+ munant segment.

Vi Vv t|on i n. whi th tim zed; codon
Clearlfisfith E MGkt s O S ForTREPS e BT iSRS hag if necessary, a
framebIERTTiI@ ifag R MecEp delwaethelbRwekld @ thi tb BoidPontial frameshift

"native' extract was not dialyzed, endogenous

sites. cel | ul ar mRNAs were not destroyed with m crococcal
nucl ease; the extract was not supplemented wth '
[%genMwe dnﬁaﬂ@i m&bsﬂgatlmsobfttmslemnabd@fewagre qootlucted using

vario gy TR o, PuCAR ARERE e oy B Ring, and

1uc1feidsér@ssﬁps"oﬂfus@ﬁpfo%em@s necessary) to see which have the
nost significant effect

[0355] Polysome profiling

[0356]  Polysome profiling is a traditional method of examining translation. It is not
high-throughput, but it is very well developed and understood. For polysome profiling, cell

extracts are made in a way that arrests translation (with cycloheximide) and yet preserves the
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on translation. For instance, a finding that it is the
addition of amno acids and tRNA that allows
W@ e@ss2®dl on of the codon-deoptim zed virus stPCHYE3008/058952

supports the hypotheS|s that translation |s

i neffici nt Si cau e.rare am noacyl - .
set OfF’E’ﬁfctrﬁl% natdfic rrg %‘ftﬁ’g trﬁﬂs fing tg‘ﬁ‘b R R R NA% pB‘iﬁﬁiomeS
These%fol?’sbﬁl\é/s afc f%&h@ﬁ‘gbd@n b BErSRVEAPR! RAGHRLY Meabey asgd)cnéjcf?d with a

viruses. [0350] Translational frameshifting 1

largermanﬂ@mOmsmwaﬁwwgm bqttoms L‘]sftwfmctlenatmsﬁ |t1tﬁl gradient

and PRy RO o AR Log ot ooy SO Bl fescepadire

succe&ﬁhg peakk BEatisoRARAMBrePond t& HRNAL With N+ dirffoesBed; typically 10 to
rea |n§$@frane and then arrive at an in-frane sto

15 disgigetcnealss @enretenting thet408dibesepulrsubugt, ﬂ@p@qsd@bw@lﬁ@ddé 3,.
T |
2, g5, BTS00 5 080 IR PORLANALY g

The vatidusH¥acgonofies thasucydss grddlik&lt AR thert amtonsegpYelbttdd on membrane,
resi due 1513 to 2470 are . non-vi abl e. Furthernore

and anpdyzseey Nogtheyn #nglski for pritigHer mBYAn Tivdes éhoafvwb@her that
particBf: APEERNIA 15%?9&%2{62 %E:%gww gp lb“[(?ﬁ@ hﬁ&éo%s?@elb translated), or 1 to

appr oxi nat'e 5A, mark

4 ribosshey (pedrly trimlacd)ovel protein could be the result of a
frameshi ft. [0352] Exam nation of the sequence in the
[033YB- 24 thid sty Yad exﬁﬁfp&ﬁﬂﬁ: wihfies, t;h@ﬂ’%l\Badcodcﬁﬁde)bdﬂﬁEd) virus,

sites that conformto the sgﬁ@ggry hept aneri c.
and lt& drseryesst Sefience: WPV DBt T ame #ieh hayg primagily Brypiaal or C-
9
termn{a%ﬁiéi}\/mg%%? ste%{g%éf%;’% t1v%)9 eg% §or-£gﬁ'§§ Tﬂll' g(_?m rﬁoﬁb@%en the N
termnprb sind CeaarnZhdlInutihtesg gaeets iopdroewa loyeved ingp If:u[dionsieop'tlmmatmn

-1 fra at 1929, 1986 r 149, ectjively
causey nbiion s DE Bt PRERSTHb 18N kB (B AL AL ER MR P sstid with
relatn%l}bﬁﬂsdnﬁgsoﬁf@? (RRSRE VIR BdsBRiecs h@%@ 3hry KowS ol H‘ﬁle N—terrnmal
her frameshifting is occurring, "each”of t hr ee

regiorg @mﬂedfamgothﬁret@immmea‘» omdpating,¢hen 71pthavegh tho resh af tha tmessage

becones favor.able fo raneshi fti t her ch
atter GRERTE AR 2L el [ ATRRY. s afbimlnel ML REACHs
assocﬁteﬁ&ﬂ&ﬁ‘a £04RRly [RR RN oNEMdsPRIE tbecdidt ath$ ridbsHrM@H€tble to
invitro translation. Loss of the novel 42-44 kDa

load, lp}tt&e@auﬁe thssrraindercd acar dhe CHernfipgmEenicrrnai geseff thertpngeript,
andth‘é%ﬁ}\@%%‘fis‘ﬁ?ﬁﬁg&‘?ﬁé} mcl hlgg i ncrease in nol ecul ar
wel ght o

ein upon elimnation of the
cadpn |nd|cate th t franeshifting is o c rring. )
(33, aPaBiome PR el bl RS onsodEs i aRfively hsdtated with
differddt disds A infffar RODAK; bind £ forl indthd det Fis@igulidMembRIE whtte @fahslation is
that |acks the franeshift site is tested in the

slow feeyp tnegdelsorharp grerpgoma aguahlit faHs ofdberBAA prematselyy Oshgetkinds of

nuﬂe@cﬁﬁ ﬂb%guﬁ?%ld be of significance for future genone
ns, Ad i f necessary, a frameshift filter may be

g Py, ated in the software algorithmto avoid
[%%§ nti 8Fp¥P ﬁ%shlft S|tes [0354] More detail ed

vestigations .of ansl def ects are copduct
[‘i’:{q ﬁg H\%ﬁﬁ“ﬂ%ﬁ’g 1 %?ﬂ‘?h?‘&ﬂ% Ti lﬁ%iﬂtl@ﬂp% HOSTHRRS Wt ¥ ere
ribosdnfbs aPOLYR IBaical IAsiiRGolysQROpIIMIinR %cti®AY translating mRNAs are
obtained, with their ribosomes frozen with cycloheximide but still associated; the mRNAs are
often obtained from an in vitro translation reaction. A DNA oligonucleotide primer

complementary to some relatively 3’ portion of the mRNA is used, and then extended by
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| uci ferase assays of fusion proteins. [0355] Polysone
profiling [0356] Polysone profiling is a traditional

woreaoRazlivef exam ning translation. It is not PCT/US2008/058952
hi gh- throughput but it is very well devel oped and

understood olysone rofiling, cell . extr are
TCVCrSGARRSGrRtasCyd: 5 SEscpeLiptase F’é‘ﬁ’é&gﬂt‘gﬁ coljden wit % ribRorme.

Thus,% QRA%H BT G8s1ARE e ARKSISQIIVESenEAfs a]&gut‘é@on of DNA fragments
08/ 121992 PCT/ US2008/ 058952 'set of ribosones that
exten@tng fiom thheitaof theprimrea trsthamicargstirivoseme. e leare uweesm:wxsglon

whercglRSomBRIHE Bk et oty R agee GRERH gy Rkion wil

give aMi§froportibt@BImBHIEIN R ffrab RS FriHisasH, Rpinecht92B0 Gsscs long).
the bottom After fractionation of the gradient and

This therashpsissipes aRtespeiBht(@fend; oF derkigiealos orpgh tspolution gel. This is a

ana B FRIESPHALHE ARSI GREFARL.OR RERASLen o

148} Ca?&ﬁa%’%t @Be%?ﬂl?mss i 0@8%@5@8&%@"&35@%5% Wrein n

different chimek#s thd SedrhBRSAIBBIfRA sBglftiy T o@ 3MRANAInaG@Rd DEF the deoptimized
di scerned before the peaks snudge tlgget her. The

segmaps GaussTiPeREIch hyot s prREsseths teapsiaesiyfadi et tamatdhibpposition
r I
of the@g?tﬁrﬂtzgd gerégltenl? 81)1%&915 En%l | Cu{@{aﬁﬁ&%ﬁgv%ﬁ{ ﬁﬁl%ssj?%
shufflsdoisl RIAE. hebnthb‘l@hlso maihtdeqmlr@mumﬁmralmm(nar mdt)éngaged in
engaged with, sa 10 to 15 ri bosones
transl%trom et rlb@ﬁortetrtsiep@mepbtf&&tﬁésf ﬂ(l%wet V%P%ﬁsqnaf?‘é‘?ﬁe
transct@ﬁét?] In this study, for exanple, the wt virus, the
codon deoptim zed) virus, and its derivatives
B Al
[(g >6t2 " ﬁ?g t(ﬁ%ftgit %Q%aﬁ\é af Fé?tstt 8?@1%@%% e egﬁ%}f H%Xt? growde direct
evides@FBENpSuscd BbPRid. \Slcynd, dt'ters eFRAIE bf aThe nuamsxatels S9rit can
between the N- term nal and C-term nal nutant segnents
ldentlfss%afrlt whishalepptinizgd spdang or deortinriass endopdpins %rﬁtca%ng the pause.
Ll
That 1&3’{1121?1%b l‘?a?ﬁhl?ran@@é{'\f&t@& 'ggt\({)\ﬁceldgtrog l’bsrecgdoﬁ Q&ﬁ atrggﬁsgonmble
for mésewf thelxbieotresd (dogrmtiag cmhﬂ:vealblna;ones m)ve very slowy
through the N-term nal region, preventing other
[03630S OMR&I LaciR1as@Repaxtert AAysZofTusibh peglRiishe rest of
the nessage after traversing the deoptim zed region).

[6364ﬁ 0 n%@%B@vet&?e&nEﬁﬁ apalgsadt dat cdiih @&dBns @Sod6h phieare

a relatively |arge nun%er of ribosones, because
partlcnlaﬂy dptrmﬁsltﬂté@r teamelagiph.eAs o highotebughput Wwacauselyed @@fecm ef
partlctllap coe({ A arttc? codong)%%rggttl Ghil IEE][IOII Qlﬂ/e aeg)?lgeas He! 85?%15%1 an?i fused to

ranscri er O ass

the Nf¢rgtinug &%5:81)&1189 s rme anaweﬁrm actiditCRttRS Ih@é/éiuf&rh&( an assay of
ri bosones are actively associated with different
the traaslyipdilgy ofrthcagptiganadbhat in i thalN-tempipali peptide @éranslated poorly, little

lucifefl 0 del s where translation is slow from
uette Sé% g%ere&?ﬁe ri bosorre act ually falls off the RNA

[(?_{63 ed T 6‘%%@%1%1? g}f{ ﬁ%ﬁ’ ides are (aemgne%%%seaci on the expertrnents

above. Each of the eight 25-mers is encoded 12 different ways, using various permutations
of rare codons and/or rare codon pairs of interest. Using assembly PCR, these 96 constructs
(8 25-mers x 12 encodings) are fused to the N-terminus of firefly luciferase (F-luc) in a
dicistronic, dual luciferase vector described above (see Example 5 and Fig. 6). A dual

luciferase system uses both the firefly luciferase (F-Luc) and the sea pansy (Renilla)
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[0360] Toeprinting is a technique for identifying

positions on an nRNA where ribosones are sl ow or
wW@awsaziovNs in pol ysonme profiling, actively trBeEUS20081058952

NMRNAs are obtained, with their ribosonmes frozen with

lucifeg C'Qﬁ?éi ﬁlﬁdﬁga&?ﬁ “I!lﬁqrﬂs%?m@lq alﬂgqagqu@ﬁ% jsgyan be

a‘?el bd SORUCLRAL kiR &WeﬂerA dRAHBhRTEFRE ¥ BrSQe, 1
s %a\?e 3' ggrqtlon of the nRNA |sq§§{ed Sar%(%rt enSasmge

mRNéxblérﬂ@l%@bnbyﬂ hogenme @08¢)1i9 119@Qat5¥tﬁ1‘bm82@087608395®0me entry site

evel transcri tas transcri tae .
(REVEIERe Bt fiRraad PG RARF b BETE PERRES fusga rois -
termiRRP14! 1ﬁ&dp@ﬂdéi’1ftlyttfaﬁ§1§ﬂe@tﬁioﬁg1t§TRWr\IMES ell"ldhﬁ $hedRAG bAF SucActivity to

popul ati on of DNA fragrrrents extending fromthe site

R-Luggctivie i indication efbe franslaahilipy ofdBotest papfide. héged g 0. a
site or region where ribosones tend to pause (say,
[(233?(6] ba§ os résubmetHealigstronae yepoﬂttecmn'smlilcss g trengected@dirently from

the Ptk placft FioS W IR B APDTTRUTRS] Rt R R e

upstrea RoAGrdAscAs as ah ﬁﬁ@hblﬁiansﬁe@tl&ﬁ&ﬂuroprcg&fnk oRE&Eh-k-@ependent
high resolution gel. This is a standard nethod for

exprespgapeiribe sdamssvhischeraseinghe @@01(14 eistpnt erinbeaacpagtely determined as
the 1rap¢J B%ﬁv%%fg ﬁ?ﬁlc ) Th1% ggs@l Qgh-@ﬁroﬁgc'hva\gft hpnaﬁgng M Rindreds or

0 eoptim zed codohs of “codon pairs, ereinin
even tbfidaadeonttegREqRNES dah®e a8@nEN s nedessaghi fted slightly

5" or 3', are analyzed. If the deoptim zed segnents

cause ri bosomss to sl ow or{vfaus? the toeprint shifts

5' or 3 to match the bf the deopti m zed

ment. Controls incl ude wt viral RNA and several |

Q I i Desigpandimynthesig of prtanuatrthyirusgsrising wovgl algernative-codon
strate' PCl ude pure nmutant viral RNA (i.e., not engaged in
# ans| at i on) to rule out ribosome-independent effects

he en on reverse
P55k o TR SRV Bt fo B0t AR virk i BTBE {asPlns Phougtiqn depends
on larfé-k&dle synbng@BudEodsh @@osﬁhfti%ﬁtto ré@Mic 6l e fikatiodlof &irRBptoRehs. This
ri bosone. Second, it has resolution of a few

can bpaehieetl b @gprogaately redulatingdhe podonasnd cpflgn pir biks, as well as other
Ll n
praSESELIIE R SR8 SR GREL RIS R Py
desigief twdehdemipfl¢decaded virag & Sor, andthefayared soddh @air virus, PV Max)
responsi ble for nost of the effect, and toe-printin

result%daw Iytlg phynofypig changagegr ths Wi virye i kherothes tr dérpws designs (PV-
AB affPeNiin gguéceé 4 Rmﬁgethesmﬁ@é gogm%‘g?% XBEE LBRHtusions

may sug at certal n codon r “codon pa rs are
througlamwta diffei@nt medennrsmsf(dtaaﬂlc flongtyianstat biemanddsodan pair bias,
ze effects, ,of rticul.ar

respediyilie T 1B R F s GR P araPht el 1§ ubPopibketidhs from

the inRRRbIcASSratRaifeRt@MeGand fused to the N-terminus of
sea pansy | uci ferase. Luciferase activity is then

3 g BRSO U ot Bl i

empldyutgﬂsf@tsea:le pylmnly;noul; isu‘ttstimtiohyfaicﬂitaertea;med\ictid)nskmf the phenotype and
expregs dlg ééo B% 5 \';_\1{1%2 beg% Of ddrzesss Hggstlgg reia 1%2 tc{)jl {h% effect
of the total number of alterations or the density of alterations on translation efficiency; the
effect of the position of dense regions on translation; the interaction of codon and codon pair
bias; and the effect of engineering large numbers of short-range RNA secondary structures

into the genome. It is likely that there is a continuum between the wt and inactivated strains,
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above. Each of the eight 25-nmers is encoded 12
di fferent ways, using various pernutations of rare
w@owsnsioand/ or rare codon pairs of interest. UBCTS2008/058952
assembly PCR, these 96 constructs (8 25-nmers x 12
encod are fused to the N-termnus of firefl
and thaf %ﬁsggi ftquptign Icygf cgn b FesLEs into % ygaenpf, direify However,
there Mﬁ9 e 'haQQ%M HethcaRoMAL6R fee«efeﬁamh%e%cﬁledeﬁog anPinfedtion to be
| uci ferase syst em uses bot the firef
at selﬂ-sw@iafmm&s@ epce detpetabld. The 1§ eaeq@admgs Q%\ﬁ |plr¢tal)ns LAGHWDS a
hu 2008/ 12199 PCT/ US2008/ 058952 uci f g (HJ g lore thi
£ %QHE%%‘?&R%‘%G P PGP 0 YLV EUP F‘%?%ﬁ“the%%’ 8}%% fred to explore this

sequef@\patd MBe syﬁteﬂlaﬁ@algzanfﬂé% appeRhed iathdasiaty 8sheldpaig @software
single tube or well. A dicistronic reporter is

platfog;am Belpdgsige ngvaed ﬂﬁgﬂ@tedrmws piyt secpied, paime tlgp software to design,
I
and tﬂeH %glgtﬁés%zc' n%i%hﬁ'}éﬁ erlke?' (n%.@%%ﬂs %&ﬁr%utu %‘égﬂ& eo?é ﬁnfé)n@)ﬁ the
sequeh(tB:SpﬁéH’ ape alﬁéx?velr upeclﬁo/\diue@horﬂa&oﬁﬂiﬁ)v& ﬁﬁdmepﬁ/ratehd@ﬁngslm&ﬂ:
tog its N termnus) is independently translated from
attentpfign oAd finglly, ThiTEPOT NG IR PSOBAL.iY phcther dapgerpup yiruses might

acciddRrdtHCAGEI M By a p%r&ﬂy'h'ﬁ%l%?s%h‘aﬁhﬁ F BgohiAB8! & él ity
ik 4 G

he test peptide. See Fig eresutlng

Sdia§
5798t PV FERTEre ‘éé?f‘éfo.‘l%ﬁétte?ﬁ?%e%@ STl Genomes and
data HEHRAS3 or Hela cells. The firefly luciferase of the
upstream ci stron serves as an internal transfection
[63M]) I OlDgsi %ﬁﬂl@@?nt@étl@ﬂ%@S RRulreAQPERARN o ftR %R B SdrOfbr )
the sea pansy luciferase in the second cistron can be
optimigéng pasion lapd gedaarprlhedgaand mpeiteratg RNHecomslanRiugaiIrawsile
T | u n
preserﬁhn d?mggcﬂ%l’?g, %gf/eﬁovtl%& g@n e'lé?mﬁg g g}l%l%rbgg% Sa?fé%o% the
sequeASSiaesligoatclag s sk ynsuB%Vﬁ’llaE: s’bﬁuéﬂﬁ&léen@ﬁl The pidebtype
synthesi s of attenuated viruses usjing novel
synth%ﬂ%@ﬁﬂ@fs idgegr srfbrare saqlnire @9%@35@](16%@0 SAVE ey gk for
r v [
Sy B e B R byt bui
arountl oomsmdiirtﬁinsﬂeahef @tlumemf Thv gamle dpslgnﬁﬁlwrsrks dinthe lewwhof fpecifying
eve riat eI nodu| a

n and, . .
Chara%%%ﬁs BgYhP dﬁ?l ge & (G Pigo 26t ﬂuefﬁgﬁgﬁeﬁé? Nsprthdigigibution,

dlstrlﬂ%%n%?%‘é%ﬁ%ﬁﬂ sﬁésr wed RNQ @00h daPEstmRte Rbnst@ntd)Nghd B8 Gene editor
de novo PV designs, two (the shuffled codon Virus,

algorifvhistly dasigns hdNAvoqusdcedbnng dicse vcmstrgmtSP\Thvm(?)re many

constr\rgeq?% lgtftgr?-ﬁlléenrg%th]gvlv%acﬁ é)%h%\%}gl&é ;l%g Il()é@[%lt%\(g? le%lanno acid

sequefdé; bbdon 154K 68RMheshin Hlak Od HiRgclbdiRie\dontésit, RIPA Q¥doRBar Rlr¥cture,
synonynous substitutions through two di fferent

cis-actipg hadieis waid(stnabstsueh ahtha 4. isnliccodion neivademifiancden and
restrlcrl)%h nqg’ fecognqﬁ&? ? {es %lhg %%ne-r&%gn V&S Lnlze§tt111 &Lfﬁ%;t?c% of these
wer e constructed Fori T 8 i ons
constﬂ'ahﬁs Iaﬁ@ dédigateetdesalith &e&ieﬁ@ebdﬁaﬂufﬁs@vﬁﬂ@:&m%mat{c@ﬁﬁ &dtisfying all
bett er understandi ng of the underlying nmechani sns of
constigintyio apresAgatichbigvel enpl oyi ng | arge scal e synonynous

substitutions facilitates predictions of the (ﬁ)henot
[@37@]  The synthesis algorithms previously developed for embed 1ng/rernov1ng

patterns, secondary structures, overlapping coding frames, and adhering to codon/codon-pair
distributions are implemented as part of the editor, but more important are algorithms for
realizing heterogeneous combinations of such preferences. Because such combinations lead

to computationally intractable (NP-complete) problems, heuristic optimization necessarily

112



expression | evel of a synthetic virus. Ongoi ng studies
address questions relating to the effect of the total
woeooBae19ef alterations or the density of alterB@T/U8208/058952
translation efficiency; the effect of the position of
dense re ns ran Iat i nteraction of co
plays am, mRQSHGhT Ogsrlrtﬁe e SRueramaey @&tte%rwélﬁ@rrﬁganlwgg fo realize
such de@fgﬁ@ thy @ﬁirﬁc&ﬁrbs Wrépﬁaﬁ‘@9@513%t&9&1%@ﬁﬁ1@/acﬁfe5é@ftélfn%%practlcal
into the genone. likely that thereis a
uﬁﬂﬂdb@ﬁ&hﬂﬁhﬁb@ﬂ%&@hObhe wt and inactivated strains, 111
WO 2008/ 121992 PCT/ US2008/ 058952 and that any desired
[mmenué”hb diﬂl feetwéd gar desige pgignaemad; ¢nvironaemas ke

aj n. a limt n th .
indep SR B aver \WRdeve ai MBCQSn D6 s s dizjencd o work with
genorhd¥ G l‘)a‘éfbrfapmbﬁ?m QZy&a@i)fsca%' Sﬁlﬁ'lﬁ&ﬂﬁlaéﬂqm%ﬁgl?ﬁle synthesis and

det ect abl e. % ncodi ngs of PV prot@ins
evalugngifithanesl 'attenhargé vyelylesigoe deyseibed baddowxpl ore, and
vari ous approaches are being utilized to explore this
(637l enddrspksizniwith exyednedreddondlihyin oifeanen feppammoleesds
include, first, developing a software platformto
[4Bsp desi g ﬁveﬂ@é&lne@& teaUgoad be dsuieBBitatédgh FB6iBRYshort of being
using this software to design, and then synthesize
inactiyaier, am whichicap Ere inpersiay e ersvand mardactuedhe wigy. e way of
obtalﬂﬁ?égx% Q%nge{@b gﬁtﬁﬂﬁtgé,‘v f gtP gﬁ er t@% Qleb%@%\éﬁri] Sgﬁgg bddcfis for just one or
a few atrmﬁmmdls ond toAdtelitt b ooaddpyndiag celiiios ﬂlafkbvelr@@msetscthe rare tRNAs
consi der is et he dangerous léruses

that binddp those 5P Godws e M BaYBES By HHPas torirpy © chHtlsia the special
perr111§§"\lr’éc &1 10, Bt 1S HRARYTRUR QAR cell 1%20]\711@@\(5%8%%% of

software for conput er - based design of viral™ genones
manuutirediestizg thn pkysissve leklﬂnje @emhgn nvrg)tﬁymrhebmﬁnwnrt Usieslso safer

bst t
than fSHR R0 SRS et DRt e di R YRRt e ¢ or i ng
RNA d I nmbed
Y76} i e Seqisarias o E@%“uhaz ggpéﬁ%ﬁé?’ rBiion mperding Cpy

numb Qra(ﬁtthé béHHuQ gRNzh\egené?ﬁh'd?rréQ@ rdr@ Egdo(ﬁk HQ&R@H%I@ 0 Bh&%sonttﬁéhterature

ensur e accur at e sequence- asse he prot ot ype
(eg., EynmhemiKogenaWﬁDdbsbgnr&eﬁbmamébmwek$tam@obswngCTA(Lmn a

ded.int f t f th
very riRSRgR i st s LaR vkt NG e T Ll sE g
codonCRRIE Bl Uapiky oot kbgnadd RN o627 Shd 80T @rb)) §trﬁ@@o@(fn with four
sequences. The gene desi gner works on the |evel of

copicspfebe ﬁ@gm@ tRé‘hAa gelst (éraveﬁtrracé Keotlar, H@Oﬁ)e sl heé@pdg@n@ml@r gf copies
fora tg\lﬂj? %erg CI ?ar(‘f% e 1s ?Iogng 0 %ﬁragn c 1% (r)Ilaslg u{)' org?ryand
Kotlag 20O} ll'h@rs QB@ €ﬂ" Mddibﬁ)s nahight b igre @6HGh, ®d1 i @lso the one codon with
Igorlthnrcally desi gns a DNA sequence realizing these
the feweyi sogratn tRNABRBese Theee ¢rdeys alearsiong byrgy oder BHNA; for instance,
r. her, including, but not
they a}r(%& @%Vlggm%fetbag enlrrJ]IRé'sequence codon bi as, codon
nucleot RNA secondar
e O R R s AR
codonsJ)8eCRB3), eﬂh PER(19D) ®Sthe RRE YRR E6ons TR TG d>r CCG,
restriction enzynme recognition sites. The gene.
respeivglyy rreerxp%e%@ﬁreaé% sqvsecTe debitiiafed or gFen Huswable viruses. Helper
r
cells tﬁ&%&%@&&itlﬁe%{lf*e&%ﬁh z%rlgﬁgﬁsﬁg%é Preﬁll%% cgef%?éd. elqle corresponding
virus is absolutely dependent on growing only in this art1ﬁc1al culture system, providing the

ultimate in safety for the generation of virus for vaccine production.
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constraints to a pre-specified level. [0372] The
synthesis al gorithnms previously devel oped for

W@ ripedzhionyy/ r enovi ng patterns, secondary str ucPCr/ES2008/058952
overlapping coding frames, and adhering to

n/ codon-pai.r . di.stribut.ians ar | ement as
{"ofo w&gﬁa*r%}y Vigljes %fﬁfismg%e&@ﬂ?ém%s%daﬁﬁgw £adans
sw1tcﬁe‘arto dT%'a'llZSeP Jodiiks B RERNES UG, Odmrﬁ%bﬂ&[&%wﬁ‘tfch&%fCCG and all
preferences. Because such conbinations | ead

Leu, SscompdtPae poq%MSIsyfltpmdrta&%l E@J\dedaﬁﬁl @S}@ﬁtlmlmbln@rmngle virus.

In oneP%;LfJ?he rclt(%%ls %ﬁtatt b&gsyagg Gt Sarlé/rli{ glg]'etlczap éggqg@ ? ée virus, where
a highedict csmranﬁamﬁ Rtngskt ahpsaint. NG atn@ﬂiafl bAVESENRAE tIRFabaiteGorsQire
realize such designs; this is partlcularly
made #pygont Bieeias si nmul at ed anneal i ng achieved its first
practical wuse in the early VLSl design tools. [0373]
[0378] f uldG flaatcleotide hiasevivises gn progr anmi ng envi r onnent
is platform independent, running in Linux, Wndows
[6380] Ma&GEh fehhexcsptsdmnvins géeemgmmdietmepmkt the tlmucleotide CpG,

but ] SRR 1o Aot HEIRERBERE P ekl P SH (L
contetﬁQ)‘f@llle g’"én()ﬁf%u@tp@m\(ﬂsﬁﬁiy HER{ 1R if %q{dnpa%‘%eﬁgﬁl@% t[lQ?SYIfé]le-

Vi rus desi gns 'w th extrene” codon bias Iinm one or a
strandgdiDROA acitdming 8878 thiFatedaCG dmugrotdasess eftoni pr@@nslhdubtdrla and

be as debilitated as OSSIb|e t of
DNA i) 5 Pge B i BP0 o R RarE DY Lo vElF BEmpicls Tigleads
to actiBGH Sthd ifhatdihnvildeUgstefN A WRYIgRh sindhir 3y b $adRot been shown to
optinmally debilitated is to engineer the substitution

operaigffor RNA vioisen snspeetignafithoR¥ gspome sygsasta iah B Vs delectadhagainst
synon%r oug 8@({0% gﬂﬁ%m{@hs@aﬁ@ gd 5196\%%' atérr&tethp ﬁ%an?ﬁl esrlgrﬁﬁ%zﬁﬁ %ﬁ&er-

e rare nd tO OSG rare CO

represéhtatidn bBCpGQiﬁhL&lHoﬁdésQnglﬁlﬁWnﬁf Thigiieprlistlarty §tHRing@eCirginine
perm ssive cell line, but is inviable in nornal host

codonée O th Siesynogymeys A& egdsih thafpur Gihemmigining sqdensi (ﬁ?&f% Ko C
CGG F@ém %b’["l@l‘ HmtI p&llg\ﬁ? loB Hn | 9 Aq'g tcoﬂ)(ﬁl ﬁvh\fﬁrtﬂe remaining two

‘conveni-ent
(AGAg M(émdcyumfew X oThlp nmdmﬁastgo the\mfemgb anman ecdonasegt@dich

would SRR ¥ brF R RE B AR | ASHBAYOUFORN PaFchvo PRI

codong QRES-kPREc &R FRLR FRUORS ds3d &Y Ehrh@rp& é@ dq). there are
literature (e.g., Lavner and Kotl ar, 200 t he best

two othar kintsallgr(sG oy bereedisndvagagqoos émualnegtldET A P(\LeEu)rst ia the codon

pir oS8! e SRR R VB SR g s g
dinuckeRHESf 8¢ cédim faadiRah@ert RNGoRE Mien Bishn @l (BU0W) padagd eir
codon with four copies of t he cognate t RNA gene

codon(bigsyfraptisnierdrarus and seigsged tngeneits aif Whd ﬁb?@rvedfthttélpﬁsg giruses
evolv&f’{o r@mﬁ)@\gbrﬁeeagsc% que&%r%l cular type is 9, while the

copi es (Lavner and Kotlar, 2005).

s not j.ust a rare cod
l‘ﬁkﬁi s O RER P R B H AE iorh e
chang@é E@@GCTJm@Gq@ctpﬁéq@hshmfm ERREs PYTha JocQ hbeficgh My affect
for instance, they are not read via wobble base
translggginrandgillows an assessment of the effect of the CpG dinucleotide bias on virus
growth. The increased C+G content of the resulting virus requires careful monitoring of
secondary structure; that is, changes in Arg codons are not allowed to create pronounced

secondary structures.
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[0377] Changing all the codons throughout the virus

genone coding for Leu (180 codons), Ser (153), and
W(mes,(lm% to the rare synonynous codons CTA, BQFIS1908/058952

respectively, is expected to create severely

Qr even non-v Vi ryses. | per —cells
lfﬁ?ﬁ o) Bl S RPRD A S DR 0 hen
be created. The corresponding virus is absol ut
(03836 n 0 & elon hiag pedrosignaiinbiascould %ona?wlflv éliltﬁliac'fc‘ﬁﬂﬂil 9%6@ other at

the traﬁ%lsdhgﬁgl 18/P pﬁi&é}&aﬁ(b?us the'iréc%fl%l rb }é’dlé’[&%{%&%ﬂon of the

generation of virus for vacclne |on
trans| 2001 81y1X 19 2RO iSR0 P8y B 662 an[e@ﬁé’lﬁi]: rd%xgar
hi gh-priority viruses are designed and synthesi zed:

[6384] Lelf woepRscowilERpd pblio €dddn tadd andeode®panbias as 0, and the
swtched to TCG all Pro codons switched to CCG. an
worst ppsiblg gpdondpips angrrgdpn paig bigs As - ls Wiendpedhighypeenty Vrr@@%s are the (-

0.3, ()'é‘%’)g g-gﬁ%oh?)e%%cté X}é‘uﬁd i, &, ijﬂﬂls@s Vi géwrﬁ s PQRal | how

hése |tut| ns are nade only in
modergghp pdorre@yiennpat coden hiay m&,raoﬁh@rth maalehitgdi poat @ vefy poor codon

. translation is nost a her enbodi ,
pair thﬂ%ni%%gfww.a&@r%naé E%Wflﬁrt @%@isottﬂéhe\wra CBV-AB (-1,
0) and PPMIn @G 19igeygheot i de bias viruses [0380] Wth f ew
exceptions, viFus genomes under-represent the

SR M 8 2

en of . t he Gis usua thylated in
Vo ARG LByt b AR o e dflerures
Two aca@ntoaame@@n@ @yktéi‘ﬁzttfwllﬁlhﬁﬂd %ndars}lsﬁrh@tafdsd%eseasm@éd £8
present in bacteria and DNA viruses, are recogni zed as

engln%@r?fbtqmgéwtw@%&nsir@dwpﬁlﬁ biapayith (1) Reovelly apinisnal gecongpy

srocd B2 (01 BuRg ntRLLBRARY hG QOB R TR YL G
RNA. t f the PV
ke ?sdfde‘ﬁ%la‘w% Q8GR ccred aga not syﬁonyngﬁgone

8T o5 ititiaabvre dgtiens ineite BURekaBimg ogen B codonpair bias
demg&' ﬁé‘&-tﬁpédd@ﬁ%air "l‘)l&ﬁ%ﬁ@ﬁs rJ(Hic@d HénsRAkdrk CHAGT Jle)élg% Tdrldivi@ises
for arginine codons. he six synonynous Ar

with aboutolfd), raterrodpen. eitlGs sg@ad dlrnmgkgh@ g@twntregmmor gr@riped@@@e N-
t 24, of d
ik SCRE SRR R Pr Ty BclemiRge Btsip oy 727"

This in contrast to the average hunan codon usage,
whi ch woul d predict 65X2GMPRUE &4 ni ng codons and 31
AGA/ AGO codons. In fact, two of the codons

- MRBRS AR e tihl E’M@dmeﬁlhﬁwadﬂ Vig@shsiof iltyeRed
celfs (CG5E§CE5§EeThere afe t wo othér hlntgothat CG

virulengg be a di sadvant ageous dinucleotide in PV. First, in
the codon pair-deoptimzed virus, many of the
[0390f 0 d ltae mmmtmammibtmﬂlasred@ﬁgmgomaégeltdllmesoza'ﬂt thalaim of

attenu%jﬂ A ?eo\tél:‘ags%i %6 ?ccb eglgaglgé‘g q{e[?e‘g%%n%ra azﬁruFen? Eldaﬁ tl\llgh v virus.
Becalk 9&1@1@ @&weﬁbe?sea?e NotratSreandl (RETUCR GRSt BRNAARMe fstunlikely.

was observed that these viruses evolved to renove
Neverthphess GG salepizabil @tot xgresmentally demonstrate that the SAVE approach is benign.

[0391]  Out of the possible 10** sequences that could possibly encode PV proteins,
some reasonably fit version of PV likely arose at some point in the past, and evolved to a

local optimum (as opposed to a global optimum). The creation of a new version of PV with
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[0381] Thus, in one high-priority redesigned virus,
nost or all Arg codons are changed to CGC or CGG (two
W0 e@guzrp2 human codons). This does not negati VRCHUS2008/058952
affect translation and allows an assessnment of the
effect. of the % g)nucle({i#de bi as.on virus
the sapgTOHOr QLSS PAEY YR &HEY BHCECRESF BEeRdePHplagsst K58 Virus ina
d1ffer§1ﬁ%ﬁaﬁ§§ oft McEi15bal TS RHQApOiwhiSLERN é"&iéeﬁftaf)l'ﬁs’/%tﬂk%e to a
is, changes in Arg codons are not all owed
dlffer@né@aaéommmmhme‘dt P¥efondarablstthigotwresl ontlmuiwoould be better

than (RO S A B Bon b T RAL SR ke BTy g sepgpymous

codonSRsiont dkAS a @iftgr GiAghoN- pai r bi as coul d concei vably
interact with each other at the translational |evel.

[64%3¢r St[‘%riﬁ’vésﬁga?te {1{1§ }?(Ks@ﬁﬁﬁt? nlm et LirPFELSEARIN synthesized:
regul ati on of ransl atability of any given
one vipusowéh the h@@lsmsbbye aden bias; @wrtvimeithahgbest pad8Ad codonypir bias

(e HFRASTEMs Vil B B ot R ESR S ofBR S BET A 1D acaitona
viruse§ S wP@don Rh@8odh palr bidd) Bt %aﬂledmyﬁbh diRIcbdnsY IgtH&ES
are the (- 0.3, -0.3), (-03 6), (-0.6, -0.3), and
parametags, guch @, sgc;ond,amﬁgygturq'% c«mtptusggi ¢ edamiclagyge content are held
as clo@%%ﬁés@‘tﬁ% R very poor codon bias interacts with
noder

poor of 'very poor codon pair virus. These

[@?ﬁrsﬁih &BVI %sr r%gbgzgcg#gelgv\a},mvmyngh%%ren? %g;a al S gth% gltolp)gl fitness
1andsc[ags $on Mo ehiat bAYBINALS REIRNARY VB boHE bPhemli0 88Plocdiptimum

ove synthetic designs guard agai nst excessive
becaugeihgn dayona peeresubrass to seipgiomdding | prisscs ard dagavt are passaged, and
sampl3y T EER bk Ol FE BRI PLLUGEUL Ot TARSS is compared to

cach ctheamnd paint bta lamss\mg Ibla(ﬁtib) s1w, plaqbé Yormiig ﬂiﬁ{s/rﬁEl(ﬁde%fqb growth
structure, secondary structures
curvesy @ff PEMBPHS oef aa%uclﬁwf@mﬁﬁéqemlb reefiaaepc adkive paples of cach of

the 13}’%@& Q@%& e[éio glhe'%ﬂ" b0 gg!i st gé’ésa%e%e%?gésl@ggﬁg?&ates are

eno I'as ahd dodon- I as
testedrfonpa(ﬂ@)gend:uy ip &1 Sbigasicd @Enldg.tﬂso sramjdn:tammkﬁh sTHeye aanws reveal
codon %{jﬁ ns; and viruses ut 150 ra
whethepappf t P AL aniylo g prpﬁ é‘a‘]ﬁémdta?‘éf‘g%??ur%?f the risk of

accid&ftfl %P&glcﬁén Bh&p%laﬂ}eﬁmlgﬁl Vu%géjs OIfhet 108/iRRESK #h wPlevels of codon
grouped at the C-termnal end of the capsid. EXAMPLE

and chﬁn[mgggqs ang)sprpwge urtfenrmjtogm th¢ virgabilgy of d@rﬁtad:ﬂsjandscape at the
atl ng viruses of increased virulence [0390] It is
enCOd'Pl’ge Yeétl cally possible that redesigning of viral

mes With the aimof attenuatin ese Viruyses
G T Sewenie § Popsively that g FGEVW%M vOFr8rtand il arfer virus
may bMa ﬂ{brre Ldﬁn%}er&?scﬁﬂﬁeth%eoéx?bﬁm%ﬁ@ ld?er%%%ué}é@lm Sﬁk i®0Rfory. After
|nt he SAVE procedure, this outcone is unlik

the 10™ passage, phenotypes and sequences are evaluated and the suscept1b1hty of emerging
viruses to neutralization by PV-specific antibodies is verified. The experiment is stopped and
reconsidered if any evidence of evolution towards a significantly fitter virus, or of systematic
evolution towards new protein sequences that evade antibody neutralization, is obtained.
Phenotypes and sequences are similarly evaluated after passage 20 before proceeding to
passage 50. Because the synthetic viruses are created to encode exactly the same proteins as
wt virus, the scope for increased virulence seems very limited, even if evolution towards

(slightly) increased fitness is observed.
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Nevertheless, it is desirable to experinentally

denonstrate that the SAVE approach is benign. [0391]
w@i0snt199he possi bl e 10442 sequences that coul BCT/US2008/058952

possi bly encode PV proteins, sone reasonably fit

version of PV likely ar Pﬁﬁﬁif point in the past,

and evolved to a Iocaﬂggg as opposed to a

aﬁobal optimum . The creation of a new version of PV

Wi 1 EstensiongfSiAVE apprech tosims sy e gther than paligvirus

rotein coding capacity but a very different set of
[@39¢bns I\{ﬂt\akﬂ@séandmgsthn eoicniizlused fora newi foliorvapeing trceemlph the
| t
poten@% r(])tggev\?g;o IP %bt CI]OQI%%%%%@J]&%@QE@B?@%{ % tg)gw) gratdwauon PV has

been §el:ta@fbd\/ﬂh tlfé\@re@ﬂgadmphmanlymsa hew! kptah f@tel eldping Q}A‘ﬂE
be better than the wld type |ocal optinmm Thus,

SAVE has;, awevsarhery dpedencd vath qhatexgq%ﬁﬂpp ithvtj thiy AR #BLREN be extended
to othgroxqﬁﬂés %&Jetva Jlﬁe%ta?e ﬁef{gﬂe{lt ®his \é%%ﬂ%\}l BP&%%]A\}_]Q strategy is herein

Investigate t I'S posSSi ity, genomes are
exemplefcteiygpptcaivd ts Rhifvefug elk causaterewigentofwhd dontirthen beldfand to

ossi bl e codon bias; one virus with the best possible

influepgrgi'Spai r bi as (|. ., PV-Max); one virus with the

best possi bl e codon and codon pair bias; and 10

03991 t i Snlkaptation of AV Tiite Huppan Bhbtovinvg -covishs gasely related to
pohoapﬁ shuffl ed synonynous codons. OQther paraneters,

¢h as secondary structure, C+G content, and CG

e S P8, P S AR\ E BT P v

appro¥@ ibr Qlévfefa@ i €R6ns: POFHR VD afd HRNE 40k pegdnt tid AREdbers of the two
| andscape from each other and fromthe wld type, But

differeps ganestc subgierps ApandsB (lerdiprdsp el Mo &%)ctaa%eetworm@ﬂiqh yijwscs use
dlffer%treckégﬁ)?s §49 e%%pt%f) d"?cﬁlce&ﬁ/ll- éges\?gagfey(dﬂe{;y%%;éﬁg%f Ht% er et al.,

passage sanpl I'Tuses: are
1994)1béth viisds,as 2Q1hs tl@mdmlﬁéltibuspeﬁNAgﬂ@nes Thesd bechiubeeagerissvely, and

o SRS S35 S SRE L By abseselng bThgte
et al., 8HH }r?‘pénd ?@ %&H@ﬁfe%v@flalﬁ@ﬁkﬂ&hﬁ? kﬁ?\mféﬁ% @teﬂhm%% frhises S&Gns from

. Five exanpl es of each Vi ruses
ﬂudwapéﬂs&qﬂensmmbpmﬁer the 10th, 20', and 50th passage.
Sel ect passage isolates are tested for pathogenicity
[0399CD T35t gnosi premisingl S ADF Sttt déetlepenj thehgh TeBE experiments
s reveal ether any of the viryses are fitter
are app g Qife gweﬁrogh vikes amgld it 20T PEHRlR R FOdQPaITS,

seconﬁén? l§tr9£tu1re§c&r' Cgﬁﬂ])h%ltloﬁg fﬁgh'—:%f 'a?@d tlﬁﬁ C 'T'%éld s J}ﬁle% léle#(gﬁes with
of codon ~an

uses. viruses wt eve
Vary1r[g3ﬂ3(gmep af attdmmatnotaérs Gymhmvzedefon cHch Igﬁmtypm ©are ishteken not to alter

the OB Rt B Sreonaea B e BES oy G 1t gpoL:

GoodRllIbWet ﬁp ulodo emmeght zm)@s} htis 8leficht i8Rt tbWise rePRYatidA of
nore dangerous virus, these experiments are conducted

picorrayirpseB8he thua tlagr %tmﬁye ityefl f mpst bepneain@inigd pﬁl@g agi@mgmng genomes.

The lcPcate ot { L%% ﬁ@?\)}}qﬂé]ﬁlqte%g%ng)%lea\;a?vg rscfé tz'eant I)r]%%r{laV1Tus%saP}1t S known
for m&y fd?Mhep@@érBMet ant1000dGesdfeBow ef alf,i2000; Mblenigke003meamd can be

i s stopped and reconsi dered if any evi dence of
deduceq gy hiemelogy anedelisg forsithgns phesexpgrimentplevidenegis lagsingofIn the

case o ®IB GRE is located in the RNA sequence corresponding to the nonstructural
protein 2AP; and the CRE of HRV 14 is located in the VP1 capsid protein region (Gerber et
al., 2001; McKnight, 2003).
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evol ution towards new protein sequences that evade

anti body neutralization, is obtained. Phenotypes and
waeweanoes are simlarly eval uated after passap@r/B82008/058952

before proceeding to passage 50. Because the

hetjc viruses are created.to,encode exac t he
(G irS et S Rer Sy 26 Setie Tn R s RO DNAEgme
equivMEAty hseéé&%tﬁﬁ?m% JBIs ldb B hed abRNaBr PV, RUR ltﬁétéx‘é@ptlon that
towards (slightly) increased fitness is observed. 116

transfggone 08/ dbpg 9o cPeH 1UsHo @18746689 wpeEWaEculalr{: mkgsqm
VE..appr.oac us_syst ens
conteigfie BVls ™ (S8R ARBE A el T s BT S s
assayédin tRsENIRR] oQlewdmbicnBe PPUALRAS. SACExRHIIEB! PRIquotize and
reversion in the closing stages of the global effort
kinetigg ingwRistepedravthcan Yesrire mvo prsycdysalssadrdc dedExamplpd. Because

e 5 BTSN Gpo R Ay IPAP oYL g e,
is feasiblt o ploduexpestt aid effcctinat adciiesfoapprooationcaiid igng this approach.
extended to other viruses where vacci nes are needed.

(04015 eAldRpEitvn ATSAVE tSiMfuchli Al ABYs L & VYRS finkelated to poliovirus
exenplified by application to Rhinovirus, the

[6495 2t THE nRERonBdind BR VEOIIIRA &Rl 1d@rﬁﬁietdqroﬂ1 PV USBZRentation
virus. [0397] Adaptation of "SAVE to Human Rhi novirus -
are usad ta symghesizo sedl(yl d@lpanmdt\f@rsupmqu mﬂueusa 1689 Sl]he'[mﬂ)uenza virus is
«. _nhodel ..rhi nOV|r dto
o “sefRgied, VSRV BT SREhPartbeurap of BAGIEEH DA g be

codonaeldiflRY14nhé @RI R§EPlisheWamBRERR! flaslid trél%rste%netﬁisfsilﬁérﬁnﬁ used for
geneti c subgroups, A and B (Ledford et al., 2004); (2)

genergtigsvarianis okpdlienzA vitseainsd/PRAY/ B4 e Thistcightolasmid system isa

Varlatk)gg)é ;\Aﬁﬁoﬁées?[{eg? rdgﬁchmrég A))ugﬁlgﬁlg)ﬁf{ Valglrl )éts eél?2§§ gﬁﬁd[ ﬁélassbeen kindly
providddedyr DisnP el dso laﬁd aDAr¢td-sage. Bridlyberrigls @dnorne segments of

extensively, and nost applicable materials and ,
influches ¢76H §01htaméd Heeperastaplriraiede flapkegdyey Pald PHPmOtelwéli@ 3" end

and P&q{ te nlin at@f t\?NIS %%gd'% t?e @ﬁ@segl@ stHE N TRs ctagk%}t@}gﬁum ltfinked by a

I novi ruses stens
cytonﬁgaldvmss In‘bmbhae QzePd)IVH) psoanastry pethe 5[ 0BD&]d apdyadesylation signal at

,pr n13|n SAVE st egi es deve d throu
the 3" cpgopit ardéfféﬂ%@%?f?%m d a¥ %(?@i nES Y ranFg?jﬁz“oé‘r}Hto co-
culturEIRYILF afPUIRRIPHE cahOHMISonsE OGRG sRA dassette PRRABLANYS kinds of
structures, or conbinations thereof, are deoptim zed.

RNA Tebeculsst fihe Bolgé ranessiptibn hnitser i figrvedsterad odduce all influenza

oL P A B O BB g o o
reverselstrifd plogu@s (3kemke Lhome RNSOLd ts(feeRely f8f asdémbly of
2001, GbodfeIIOM/et al ., 2000; MKnight, 2003). This

ribonugleapegieinicompiaxas andoenchpsidasioni c,Téitlﬁi amfeetfous @mfbmnﬁawl?&/%él
partic%g gret 1%%@& gﬁ%;l uﬂulﬂ grltk:h?a? stfral $the 1 %%@%‘919{ \M][R/%ly

edesi gnin oCa on 0]
benigh kehgras et h/aarbbasada@tedcfbf freneinin tﬁysa@mnam tdlsand 1sbpietrt1¢Lﬂarly
known

useful for studying pathogenesis, as it is pathogenic in BALB/c mice.

[0403] When synthesizing segments that are alternatively spliced (NS and M), care is
taken not to destroy splice sites and the alternative reading frames. In all cases the terminal
120 nt at either end of each segment are excluded, as these sequences are known to contain
signals for RNA replication and virus assembly. At least two versions of each fragment are

synthesized (moderate and maximal deoptimization). Viruses in which only one segment is
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for nost famlies (CGerber et al., 2001; CGoodfellow et

al ., 2000; McKnight, 2003), and can be deduced by
woevsliziyy2 nodel i ng for others where experi nent BCT/US2008/058952

evi dence is Iacklng In the case of HRV2 the CRE i s

ocated in sequence corres ing to the
modifiegiigs BTl |the 5\3‘3& & 4g595 04, and mAee ﬁ?ﬂ@%ﬁ%@@%ﬁ Jptyoduced as
needeho (Tﬁisqg eés@ ih s WRlent aRRk dadtl Q %ﬁdeﬁt ik 84 'a%@%é{r% Mmi@!
, McKni‘ght, 2003) 7 WO 2008/1219
us k SEVIRIE
[§§mger$8§§fﬁ%%§@%fﬂég€ rd%?@ﬁkﬁégaone equ%§a gﬁ%ib%%%ceOfl
ug/ml¢3BERDtaipbin. wheﬂmmnmyaéqﬁe$ngmhdﬁnahdm&ofdﬂ&ﬂyuvmmshnmnua&

o 96 ETE Rl Bt B S LS s S0 s B o
MDCRU@ bRk BEVIdMitibed ¢ Qb&leé}@f PUZ8ct PRandplcal TERRALAdiffERGCe is
resulting synthetic viruses are assayed in tissue

that newlathlA espeafic entérodiy neuseH¢o FEl/ infgciedtcelds. [8BeddEoanthk eclative

P e and, kinetjcs.in o e ste wth curve
conce Mo A Ae de SR Bl TR e eSO EIRAER (I e 3y SE Rhicken red
bloodtcBH’s @hefesRiveANathiRatdRR) uSHlg shadrd \webtycsinaadidyl &tal.,

al 00 or so relevant rhinoviruses, it 1is feasible

1982) @rwﬂadww wspeasiena g 2efolsarially dilaisdiimBBRdn athbotiasdpvell
plates % alfgﬂen@ ’R\E&f a3 a%%@gagfac%ﬁtrol[ %%Lﬁid’i\?égé ?&158 of fRB%VEaad)ed to
enza us unr ol ovirus

cach x[véllﬂ; QRJ thEheatoDare bpicagitaned SAMEcatesddan reédr wﬁpeaature for 30
identified fromPV experinentation  are

us
minutgy flAdHeTs arcisabhs BespnRFa diuer of Y ipthg 1ﬁ$tIVKF‘éh‘Zléh complete
h f |
hemafitfuiofl OV IHNAREA ¥ i dofollafy oPRTRBLETLF pAMICHS prosent
PFU-titeese foactidnel mesdonefiin@cfivigd. By ieemehingdetiambkasshada relative

nbi sense d reverse CS .Syste se
PFU/garavtpiio {fp Golintassit SR rine PERatGus Yo Sesbet 3 the W
experﬂlé:) R &Efe@‘iixaﬂ_l [eS3. eTlQE"Edd%leﬁ%mh@ RYSHBM Hethe® cod- aAd b&Idn pair-
has been descri bed previously (Hoffmann et

deOptmmzed mﬁ@ex)za vamdestraso deday kilavdirPFUgpastiéld esiobsgrpddor PY.

Pal ese and A. Garcia-Sastre. Briefly, the eight genone

[&9FhrenVrudénceitestl uenza each contained in a separate

plasm d are flanked by a Pol | pronoter at the 3' end

[@49@] PoIThb 1dtie ribsed ((LIRY) dffilee Farer@aldN BIW8V3”HGV1ﬁf$t1$ fignd&crmined

strand. Thjs cassette in turn |s fl anked b
for migq ppdrxabeisiiluenss yirpics Are(gop for nfegtionot LPa/P Migeby:

1ntran$§ll‘fj iffiod, ‘R@ét%&g%%’ ée%ﬂnﬁfﬁn Lfalg%so%% E_]ﬁmo%% B&s&&eof

war stran mnn e
ordma:rp skitlan sicent {seReed andcducrahl 1 923’86 dndZEﬁélfnpiEl (4) MDKidedl dasdidate

virusGRIDHUA RD1 BRI G FR@BOIeD v it s NSBr gt GREHLen SHEh HA-

titer).  REesfREVAS iR lak @ fniRRIUESS ﬂi ot ViRkl9BNE&AR in PBORS cach nostril
necessary for protein synth eS|s of viral proteins. The

contaialg 10-foldisrsiat diuticon betwicen 6H” tohld’ PFMMI@SSMM@W and morbidity

(Weiggtslg (@l %q[ a)tctllye’[g)g eoglggfe&t‘gﬂﬁsﬁgﬁ nrtes Ay %g %vaeregs fﬁSSO is

calculefRd dRThd@kinen of ﬁee@ and Muesdh (q Use)l ok uRNT@RA/FRGBA s the
particles are formed Fl . This particular strain

expecw Ko i oRRd EIRAL kslanschiebi 30000y e s hegiePeating s
part1cular ﬂ%gral?o e@o@cﬂﬁgﬁﬁ uqldelowhgfl?l%\t}rus% He% sp€ ¢ ul'ture cells

[0407] Adaptatlon of SAVE to Dengue, HIV, Rotavirus, and SARS
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usef ul

in BALB/c m ce.

for studyi ng pathogenesi s,
[ 0403] When synt hesi zi ng segnents that
W@ e@sarter nati vely spliced (NS and M,

as it

i s pat hog

not to destroy splice sites and the alternative

[@ﬁsﬂin%gfr

nmes
glo‘fm‘é%&‘f‘iergé
1dent1ﬁ€§ﬂi@ R6&ing %g%ﬁ%rlﬁ\é@cﬂ & ﬁ&&‘u@' Mv, KRANEhS tfv&H se
|cat|on and virus assenb

In al

Sl

es.t

A

ly.

e ter

to fusthgr (ept

At

ReBRvE,

120 n
APHRE

b

eni c

car e i SPCT/HENS/058952

Tble 8

BM@nts), and SARS,
Ieast two ver si ons

and p@md@a@hclﬁpta@@menmsefor Bynnmmszmd(qmm@taay giragrggnome sequences

navin g5l ERbh B G 00083 e oo GHugs JoBmincd fora

coding@®&ljubh@d eddneth@@edndy & BortioRgsidistQehcd)mBs®RESEthe daBptimizing

nore nodified segnents are introduced as

needed.

hi s

HHHMK@Seasy inthis systen1 si nce each segnent is on a

ug/ m

SEpdl ate [JI asnt o

by pl ague

Virtus IIIIBLI.IVII.y s titered

Aablg,8. chmeﬂe gequence and gedgi pAIERiAS of 1

TRERprentARd gedompaityhias-reducod codips HegiABS on t he

\Hnﬁunber

I's used

of diff
]l to det

RS

&? const |

e fIer

AVA e

T’I Cévc)zipn lp@g%@asvi%h&ceg lsé(ﬁénce

cell if
descrik

nfSEEY 1oy
pedN@bo

Is uiDd$ on
e for PV.

NMDPEK ¢
See Exal

SEQsIE S
pINe03.

s Slenptimlzey
Thﬁ@glﬁéﬂty

as CPB*

ffer

Hu?%lstm
Flu BBhd ]

Flu pggaggl
Flug‘gandar
FmHNus<
Flu NP 2@ \%
Flu I?T
Huhhcubat
Flu N§t ers

say ¢
eac

CE TS

r at’i on
utl atl

RBE
ot (

suspensi
bobbom
ontrol .
h [,
ed2at 1
ar e7r e

wol |

n ilhf eg

LRI

of vitions
0”2?5@6 as

o5 Rand

ong3df780 2- 1
92 4@9!?'5@ p|
AR

oom t enper :

AL

wi t h

o dngie

T HA-SP
1H0H i

ar e’ det
S0s3 |

abol
a|0%%47 I
dl.qll &le|

2t QLOA24f
> 20800 1

FCT T T+
tidh, 1h

er b neq
g ¢hi ch
at %l es$)

19§
|aBly (
3882§Ior

Toug%lef

[
|

Tt body TS
he3=lddi v
l \hi3d-1488

<en33' 86 bl
SN

32) 3 50 Bt %ef |

i 118055 n

ne jhg._jused

g;‘@?gt dd

m nutes. HA
' 0[‘25@&79’ Ir

used
-0.2582

-0.1266
00d) 3718
y, 03814
PBS).3627
aS -38737

(ﬂé|686

UIS -0.M864

e

Rhirteirup t ¢
89 partid

adt
3

a
CTTITC— T Pt

VAL I |

r 29 a
es pres

fa¥aVaaal
Wi C It GOt

d|6k9€?1160r
sent , PFU- 1

a
I.oLLo

a
TTCT

ol DABY
iter i s

f Bhe :
5 a fung

Nnat i faYal
TTUAT T UT

amount of
tional ned

0367
sure

i nf

Rhirpogjryp
14 { he PFI

CTLYi 1Y
e 3 FU/

J parti ¢

e ¢

r at
le rati o ds

ety

bscri beg

,algﬁlat

d i n thg

sures, a

D

e PV

ed simlar| to

-0.418

eri mengs.

q
1Yal hot h

Seey £x@ml €

30 03T1Q' 3

f‘f\ 4

$ aggre<

aVal

5ses t he

doaont i

Den
Hoct ¢
\C Avxeny

HIVi nf | uer
obser v
| et hal
is firg
Vi r uses
i ntrang

1za35|rt
pd for R
dose 5(
5t det ern
5 are cb
asal i nf

vattes
Rotaviyas ar {
Seg.The i ddg

“(3%e |

=a| cang

Ner codon
Jseg%hkﬁé di
;V-lghfléi@@ﬂ f
R e
1098h87824
egBingosivet

I
Vi rul en
t he pal
m ce al
nf ecti ol
hods f

novr-o-an

akal
P11 Hu I

h | dbver
ce test
ental |
nd synt |
n of BAI
DI det el

m Z
UUUHLI T Z

PFU parti ¢
[ 0406] The
NPR/ 8/ 34 vi
netic influ
LB/c mce b
m ni ng LD5

+—krowr—to
Reed23384 Mu¢
li date wvir

SAZESACLLE
3&@\4301(

ises di §

Ot

93838an(
spl ay a

AL e ol
utritar'y oSKi

| ow i nfect

]l Exanpl e 4).

Rot

.o
Seg%lrus

;bter

esthet? bed

zed

qutlor

e

on,eon
re adm i

n in PBS to

each n

centration
ni stered 25

stril

cont ai ni ng

10-fol d seri al

Vi rus.

diluti ons between 102 to 107 PFU of
Mortality and norbidity

120




(wei ght |1 oss, reduced activity) are nonitored tw ce
daily for up to three weeks. LD50 is cal cul ated by

wa b@siebnd of Reed and Muench (1938). For t hePCT/US2008/058952
AIPR/8/34 wt virus the expected LD50 is around 103

Lan gf al ’)f\f\f\\ hitt \VERVE VXY, rlgng dinay An
—OT—Ct \"AvAYJ oot — gty —vaty rJ\.llun 9ot

P rtHéuI1r2béﬂéﬁ%&o W.@R6di t | dAs (nder which t H&4393
virus is titerqg41$94@%§ Adapt ati on of | SAVE t o Dengue,

H 'V, Rotavirus, 28 119 WD 2008/ 121992
PCT/ US 008/058§g Several viruses were
select d to fuyrloRes- ﬂ@@& the SAVE approach Tabl ¢ 8

* - an be | &3 %ela Cd%o i an e rnent ern[gan t’he cornplete
R e e
o 1H%8?“é18??ed SERhER cayas P ST enpl ary
viral genonme sequences having deoptim zed codon pair
bi as. As descri bed above, codon pair bias is
determ ned for a coding sequence even though only a

portion (subsequence) the deopti m zi ng
mut ati ons. Table 8. Nuc e sequence and codon pair

[ttﬂgton%f el p@iﬁﬁfﬂé’ﬁaﬁ Bislushiad RS Ve Sl esin mice

| D deopti m zed CPB* . NO
[@é% éﬁ% ﬁg 1t}1:‘[’§1693t1m12§ %gg Ve esrnicg; agastpolig or influenza
is teste®- 2582  Flu PB1-RR 15 531-1488 -0.1266 Flu PB2 16
28-2307 0.0054 17 33-2301 -0.3718 Flu PA 18 25-2175

(B4 oeBhog gttt g e g G BE en

73 .NA, 24 1 13 7 25 123 292 368
(fE27 5 S se bbbl hEpor s 3 Shes 3 2908 (o s G ARAARR Py A ow
infcctrv@tylﬁ&%ﬂlf\’lil hip@Wifioistidd BHiferlshiis tBatQoligB@motht3B Viru8Particles
Rhi novirus 31 629-7168 0.046 32 -0.418 14 Dengque 33

(i.e.. ayigapzan bp imected whilé ot the 3mne iy hagng 3dow sisk P65 E s groups
of five Qlﬁ%‘é rm%g $nde %ﬁcctcd intraperitoneally with 10°,10%, 10°, and 10° PFU of

PV(Mahoney) (i.e., wild-type), PV1 Sabin vaccine strain, PVAB27%2%1 py_Min">***"° or
other promising attenuated polioviruses developed during this study. For the wild-type, 1
PFU is about 100 viral particles, while for the attenuated viruses, 1 PFU is roughly 5,000 to
100,000 particles. Thus, injection with equal number of PFUs means that 50 to 1000-fold
more particles of attenuated virus are being injected. For wt virus injected intraperitoneally,
the LDs, is about 10° PFU, or about 10° particles. Accordingly, some killing is expected with

the highest doses but not with the lower doses.

[0413] Booster shots of the same dose are given one week after and four weeks after
the initial inoculation. One week following the second booster, PV-neutralizing antibody
titers are determined by plaque reduction assay. For this purpose, 100 PFU of wt PV(M)
virus are incubated with 2-fold serial dilutions of sera from immunized mice. The residual
number of PFU is determined by plaque assays. The neutralizing antibody titer is expressed

as the reciprocal of the lowest serum dilution at which no plaques are observed.

[0414]  Four weceks after the last booster, immunized mice and non-immunized
controls are challenged with a lethal dose of PV(M) wt virus (10° PFU intraperitoneally; this

equals 100 times LDsg, and survival is monitored.
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4644-5102 5858-7924 8343-8963 Rotavirus 37 12-3284
0.0430 38 -0.2064 Seg.1 Rotavirus 39 37-2691 0.0375

Wa 008022208 Seg. 2 120 WO 2008/ 121992 PCT/ US20P@r/0SB8% 58952
SARS 41 265 13398 0.0286 42 -0.4393 13416-21485

6398-27063 * can he redyced by
[@3& gl HeTga dmmyRiztons, %%Mttl@wp@avtwﬁaﬁelta?eex%eﬂments
l ete codlng sequence. hbvertheless CPB is
[%h ul EPerRcrBRtiphexReHsE: 8roppsot %ﬂﬁe@%ﬂf ddergqd with wt

and at@é?l%gt%g nf?fﬂIenQa{ le&le& Y 8%8?&&1?{ Ak ldH%'m o 1" H‘?)lvélﬁcéﬂael 0 LDs.

candi dates 1n mce e abiTity of “deoptim zed
Boostui vassistiors asragiczbm at the marne ingaalndtscpbtd aboe fomP‘Vu tnfhenza
S tested. [ [

04 Pol i rus | ni zat i ns | bod
antibady s OneHaL ?eé%‘ﬁ"é%@&éra’f rgiin Appuion of
hemag’gﬁﬂﬁia@ﬁn Wﬂ%g‘a%sfbﬁoxkl gtsth%ﬁaﬁ R8BIV @K&idﬁ?et‘:ﬁ ‘fi%ﬁt Bricfly, scra

nbi nes a |neC|V|tyt|tervv|t a ﬁV|r|on‘
from ltrmnmn.zedra‘ndspoetrglmws tichimt! veithhicegptenissineyiog emyﬂbﬁs(RDE Sigma, St

: i cl i . ant
Louis RO 2ol bl R LA S A FEL SRl G s n v-
bottorR06fwale. RBYRS@thEh 68 drd fgted z{ﬂe@%c@@hed as above for the standard
intraperitoneally with 10 104, 105, and 106 PFU of

HA-apgy VaRE bedy) titeis aee eXIW?SS@Id psyibeyecimoaal dibion thacishults in complete

mhlblﬁ&l’lgfﬂem W %178)11 2954, PV-M n 755-2470, or other
prom si n enudt ed pol i ovi ruses devel oped duri ng

1GAA7E) © TR eseBs afhing o CoBR wockinelhmab R R0 AU gERd jnfra-
nasallPRkth OrQUOLO Y.1R, HOL/PROS/34 %e%@w@@g labploRfmatd] ?Ums and 10° PFU),

Injection with equal nunmber of PFUs neans tha
and surgyel B epanitopasr e particles of attenuated virus are

being injected. For wt virus injected

[0418F apAmiimahkandling the LD50 is about 106 PFU, or

about 108 particles. Accordingly, sone killing is

[@KP¢Ct Edhnspdrtic niidvecxipraghies thcdases palibvingd reetpitdr Ches5 (CD155tg)

| ower , doses 0413] Bo ter shots of the sane dose are,
were eftgiagd g’ﬁ’él %@E@nﬁ? erhe YP S vergibk sTherial o otg mousseqlony is

rnamtiuﬂ@&ifﬂr fel Qhte Iﬁ‘@e (lg‘ Nal op aﬁﬁﬁpﬁgﬂw OBIA@B/ ¢ mice are
PV-neutral i zing anti titers are det er m hed
obtanptizfqmreTa@nhm(tGemmamswayNYEo Ant$thglizpdmposae 1ﬂ£ﬁmlam€ulsufg 25-
gaugevﬁypgyén'%bic needles with 30 ul of viral suspension by intravenous, intraperitoneal or
intracerebral route or 50ul by the intranasal route. Mice of both sexes between 6-24 weeks
of age are used. Mice are the most economical model system for poliovirus and influenza
virus research. In addition, in the case of PV, the CD155tg mouse line is the only animal

model except for non-human primates. Mice also provide the safest animal model since no

virus spread occurs between animals for both poliovirus and influenza virus.

[0420]  All mice are housed in SUNY’s state of the art animal facility under the
auspices of the Department of Laboratory Animal Research (DLAR) and its veterinary staff.
All animals are checked twice weekly by the veterinary staff. Virus-infected animals are
checked twice daily by the investigators and daily by the veterinary staff. All infection
experiments are carried out in specially designated maximum isolation rooms within the
animal facility. After conclusion of an experiment, surviving mice are euthanized and

cadavers are sterilized by autoclaving. No mouse leaves the virus room alive.
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virus are incubated with 2-fold serial dilutions of
sera fromimuni zed mce. The residual nunber of PFU
wo g00da2w9mi ned by pl aque assays. The neutral i zZPEIyUS2008/058952
antibody titer is expressed as the reciprocal of the
st _serumdilutjon.at which no plagues are .

l@@ﬁ'ﬁr y&aﬁle[pc%faﬁ S P GeBR gog%umcteﬁﬁ% I Syeisglorrpgsure besides
intravbRBMNin& 8k B8 . iRRAfcBRc ] THhERH ar 6P HnaRAsa] RbSulation, the
~ challenged with a lethal dose of PV(M wt virus (106
injectiRIf iangstlzopies, iand Headollpstianhifdlosipaaipies1 For vaasertipDsMperiments,

and survival is nmonitored.. 121 008/ 121992 . —
blood Sgéep R tsat B IR0 p B R ein i g SoR R VD% spsific antibodies.
To thig@hd,BFOAM0 U tags SolleafRd fitdm fcd the BYELEVREAN BB shd drR4Adl&k

For vaccination experinments, groups of 5 BALB/c m ce

follovgng therfceanddworier vrognation Atrpanuamne tvaleadsgaplas ogdedividual
o ' I f . 0.

i R PRI P8RS, PP dufbi g Sl s
is used B3 art\oal Zmaesttail bBtbaliovelldctsd With a bafillargnatie. Subbdéduentysampling
) titers one week after the second bgoster are ) .
is obtyjpedbbyicmayingscahon e tailt fighe tl s heatedy gmsw vaxy gup effajl is
1repem@g_say foll ow ng standard protocols (Kendal et al.,

1982). Briefly, sera frominmunized and control mce

te LEh.r S ' . S|

47 SEMEA e SEEAShs SRELLE AR ERGHTE okl TRy by he
SUN Wlriskituiobid)- Aifitas Cafe abd RIRe&/oddimitict YA GCUIC V- Eltbéitagian i®performed by

wells. RBCs are then added and plates are processed as

fraincg BERyENTc N § (D)2 SABFIHANRST A¢9RrEas the reroppesnglation @frtge Angerican
veter A BETER Aot o o BHOR Sl A0rbURkIERY Rty e
ABSIwepllso afcommenigidna stsudablos the ICentece fon fliscasg Contod aad @revention
Eyal | enged infra- nasally with 100 or 1000 LD50 of
(CDC) pry 8/ 34 parental virus (approximtely 105 and 106
PFU), and survival is nonitored. [0418] Ani nal
handl i ng [ 0419] Transgex&MPIGFE1EXPressi ng the human
poliovirus receptor CD 155 (CDI55tg) were obtained
[0428" Dcodb yaihgma;f Qggglgﬁgglduggaﬁ pail Yias 4H3 sebteomhtix

nouse col on na State University of

Yo .ani RREAYA . m . ar .
OB LSRR (b b SR B s o
preferdh@e ol kmirnondeids teirgtenusdddthy2mrti @dargedbiyyracerdafica timedheas. It is
of .viral suspension by intravenous,

., wWth 30 | ..
widely H?lﬂ%‘(ﬁg fhat sarom bigyis cppitceicd dp BIED tiapHlpingirios ol adsjtiqmerach
e8] TP R M1l 0L S ML ERE: prs
gene sequ@lces yeimetmifgathatpe kaltedi codsn-pad biasf | uenza  vi rus
research. In addition, in the case of PV, the CD 55tg
(233 e [Tonrmantifyicbdoropdiybias ivedefinoadetorepdepistahed as the log ratio of
non- human prinmates. M ce al so proyide the safest . .
the Obé?ﬁVﬁ%PV%]&f‘e?X@Ptﬁg BUREET Qfjqegureayss ééaqlt?ee@r@ cRERAsS in the genes

f | ﬂ-gﬂns 1 R ARYLPBh o el B hjé@% Yt Edon pairs | t of
oran ?%1321 éﬁ{oﬁl‘?ce are Lousé)dﬁ}en %%N?ﬁs t a?}é o% t H@ag? %nase ©
genesanstrapghtfaawhtd the crpcteed frémency of a codon pair is calculated as in Gutman
and Hatfield, Proc. Natl. Acad. Sci. USA, 86:3699-3703, 1989, and is independent of amino

acid and codon bias. To achieve that, the expected frequency is calculated based on the
relative proportion of the number of times an amino acid is encoded by a specific codon. In

short:
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auspi ces of the Departnent of Laboratory Ani nal
Research (DLAR) and its veterinary staff. Al aninmals
ware@satweked twi ce weekly by the veterinary steET/1S2008/058952

Virus-infected animals are checked twice daily by the

investigators and daily by the veterinary staff. All

infection experiments are carried’icU¥}in specially

desi gnat ed* %ﬁx1ﬁUh1ISGlaTthfu-y,,ﬁ@ rthin-the ani nal

facility. After conclusion ofi&n% peri'ient! surviving

m ce are euthani zed and cadavers are sterilized by
wherealie seden/ PagABNcagssier peieacid pair WY ard Fslsnetas frpguengy gnumber
ofocc‘ﬁ%%gsﬁs/ 121992 PCT/ US2008/ 058952 [0421] In the

resent st udy, m ce are not subjected to any surgical

BT St DSBS P RLSRLS BTG BRaRle mai v

pairwisB @6&1& & dePired bb®/el MiBGhiredid@f prarasédiesel raed addSing Ber-or under-
col |l ection of blood sanmpl es. For vacci nation

represgrige cpdasnpasts byshowpragemiitiescagdor petkericpihisbrongritbe ap cagoding.
vacci nation for detection of virus-specific
[@427] bo@dumization pha gernehcodirglzBed oncedwppiriediasd from
m ce the day before injection and one week follow ng
[042!8] S edordaloreshecffacdcel codbn pair bAs waxhatmskitioh wh sjcded

proteipale GEidR B IRl 84 Wik SSPBL s St afiion CRapon.

So Wes&"ﬁlng e folléle%eﬁilolSl@mC E‘itlve‘ﬁfafn a%ni%na&fi s&fﬂehce Bldood: | bﬁcodon
lected wth a capillary tube. Subsequent sanpli

frequem;le@ lo¢cadion eicstﬂdgutm)r@hanw tbe BN Aoencodgtadithe selfiertch @u«tlanhht the
tail r epeat ed.

| ed, 2- 1.0 .
codon[ R?EZ%?reiF Pptélﬂ Zﬁ,a/ (us&n&%qlﬁfﬁﬁ%eéi o péaxggﬁefi)ed out

ol | owi tocol s_approved by the . S
‘F‘ﬁ@i it S%U? BHRCTA R R0 St O SNt th&btheuTA@@éyg Salesman
ProblBEWY(H F)asTlé thay e R QLR od?élbleﬁﬂ@ih%%s@ﬁ&%ﬂﬁﬁ‘seNP 'cﬁn@le@pz
gas chanber according to the recommendati on of
probleimeThisana fvistien phidy genkid usdilngss o Eche. it is ghgycbicaplain to the
ted un t he .l

t d t t .t he
publi R T i e S SRt G hag Ol EER bLp SRieg oEt o cities by

car. WhHGER sEeMdst Rlut@mdt WIEMRBL 3 to (6R&hnd Ff¥MRleel thus
[0423] Codon pair bias al gorhythm- Codon pair bi as

miningpgg desdpwl davingk [ 0424] In nost organi sns, there
exi sts a distinct codon bias, which describes the
[4381 er dis®Pdweunistiasti no aci ds bei ng encoded by particul ar
codons nore often than others. It is wdely believed
[043&] c admpstling$laver afoffPes igethgtto bp NP-&niplttcasesthatighnway to
tes. In addition, each species s specific
proceg sfaihehrusisticss Thesqaecher qaltf‘gwwsg@ typigtlyeeuyng within a few
.
Pt oSl R Fp g S G5 arR R, O ticule
for oupaptimiricdspcadenglef i ne a codon pair di stance as the | og
ratio of the observed over the expected nunber of
lﬁnﬁzpremaﬁﬁnmﬁ@pmmMﬁgn@esehxsm@@aaﬁ&@dpﬁhrmemhewgameaaupﬁdmn
an organi sm Al though the cal cul ati.on of the observed
the sitey g‘@{p@ﬁ@)pog}ts Holds ﬁla§3,| is based oy themigmum spanning tree of the points.

By doing a depth-first search of this tree, we walk over each edge of the tree exactly twice,

once going down when we discover the new vertex and once going up when we backtrack.
We can then define a tour of the vertices according to the order in which they were
discovered and use the shortest path between each neighboring pair of vertices in this order to

connect them. This path must be a single edge if the graph is complete and obeys the triangle
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genes is straightforward, the expected frequency of a
codon pair is calculated as in Gutnan and Hatfield,
wee@s/1209 | . Acad. Sci. USA, 86:3699-3703, 198BCT/HIZH0$/658952
independent of amno acid and codon bias. To achi eve
e expected freqyency is calcul ated based.
inequilig, 5tlepds i s bt JHEGFut i Bt 4 PR wigh the length
of the@RhRuATISP ther. qngme@e BYis &s B Uektb t Zﬁﬂ@h@n 15%8t0 ﬁja/QB{fer
123 WD 2008/ 121992 PCT/ US2008/ 058952 whére the codon
optimplaiFurther, drectode of the ralgamithro isledvadediby thevotednifutiog tst mgmimum

R R S n?%ede%&éﬁﬂ di st ance
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codon pair scores that conprise its encoding. [0

complepst i Fhiczatsignofohisdicgeste thrtcodinnty Wakdwson fmdw@tpq@m msertlon: of
e.the effects o don pair bias
ol e Ao S RO bl ERaBrT oL b fE e Geci dec

to change the codon pairs while keeping the same codon
di stribution. Sgi mn@iﬁgﬂne t hejit.oll.ow ng probl em
G ven an ami no acid Selquence and a set of codon
frequenci es (codon distribution), change the
The mipigwym prpusts thitevsiasithsacgecin thn apsitiorethatesids rﬁhqo?@ilqllest amount

of dlsfdgge;%] th%‘ho?lp,tp\#flmﬁztg?n m(agé‘;!ﬂ%lé ]pl}{snlfé%dwgggo\;}g ;810% gl}]emg())éllsmu%ﬁ Q%I‘tex first.

This saera0 & wbkdvsil bdratidedt flrsavieliglngoubah patantouatblcainifg BR)etails.
The travel ing sal esman problemis the nmost notorious
Typicpfiy. sBefpiostse e pplyp7e A 10Plangesthan pptieel on of its
eneral useful ness, and because it is easy to explain
(4464 he k-qntimal toust - Sabsg@tlallﬂﬁg:rneowerﬁﬂmthﬁ keFraighs b or k-opt
t I
class éé@%nh@@cg i %Ita}sﬂuﬁ% Igoﬁﬁa% rglfgtaﬂlr t%tl %gtﬁno&) Emﬁ eté rlé Q—:\ﬁﬂements to
the totuOmthe Bépeandim@buing i drpartichlas, subdamd off iz 0@dPssart déladed from
riving? [0430] TSP heuri sti E‘Mﬁ 04311 Al nost any

the topq apddhe 5Fe%ping§uwaﬁ)é TEWIrghL léf@ﬁ%ﬁ waRto s it W@ requ&mg tour is
an 1mfé\@§(reﬁ19nt A Raf Eqi bt %%'u%ét 6Pk ¢ %bﬁ%gn 8k el@feﬁ%ﬂd rewired

te success typically comng wthin a
SO as meedlmetth@éost betho pxburnﬁlxtemﬂva bxpml,manﬂtﬂ snlggess theilt 6sla1mzﬂcbmgb are

nost. appl i cati.ons artlc for our
usually S 3 G BREBRISAE ORGP IR Tt K i HF scPiagationgime
increa3édWInSidaRgIyPaRL @hn Ekﬂuﬁétf'&da@lty eﬁ@@%ﬁhé ¥ 1M e fatsheﬁld effective
sites représent points in pl ane, is based

way tmmpmumtgpgthﬁq hfglrlstnce eSlgfulettq:dgaIp@almgprovﬂys alt@n@e mechamsrn to
rst_sear tree, we wal k over each

em lode tQ st ﬁ tt 5. :
PlOYFSI8C Spsf dmproe %%étg@fl Ptwice, once going down when
I sgqver, th vertex and once, goin when we
sk  AdRoritny for R Ving e E e oinE g"?lﬁ verti ces
according to the order .in which the};ll ) )

[0436]  Our problem as defined is associated with the problern of finding a traveling
salesman path (not tour) under a 64-country metric. In this formulation, each of the 64
possible codons is analogous to a country, and the codon multiplicity modeled as the number

of cities in the country. The codon-pair bias measure is reflected as the country distance

matrix.

[0437]  The real biological problem of the design of genes encoding specific proteins

using a given set of codon multiplicities so as to optimize the gene/DNA sequence under a
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wherei n_the nDdIerdjﬂuOteln encodi ng sequence IS

sequepgsdis masifieshasier g langHyefit dastabope L0 naslegtidespo
nucl eoti des. 15. The attenuated virus of claim1l,
wher ei mht BeedRedNiRd oPEiaig il NwBaeRGhE Jiru SR MeaniiSal or a plant.
nDdIerd over a |ength of at | east about 500
Ieo des. 16.. The attenuat d vi rus .of cl 1
i of bt AReHBtIATRa opt bR v EiieBdlhgrimeb by
nDdIerd over a length of at |east about 1000
nuel eotThdesenukied vitue ofitlamin lakketein theisirad indlicis mplotective
wherein the virus infects an aninmal or a plant. 18.
Hnm“?ﬁﬁ”ﬁ@?@ﬁ%éﬁ%@“@fhﬂ% of claim1, wherein the animal is
a human. 19. The attenuated virus of claim1l1, wherein
t he. vi Mus aiteiideds/ims pf oheetl ] WRereinovdision 68 phensalified pdtein
ani mal host. 20. The attenuated virus of claim1l,

encodifigeicgnence évebspatialyrinhibgedwhen g niAdtOSh  encodi ng

sequence i s substantially inhibited when grown in a

host . Zhe attéiRialdtvery af ediny il [ wWherSin thE /irdl ib 2 DWAT RNA, dBEbIc-
virus is a DNA, RNA doubl e- stranded, or

strandgflry|sengde-pleanded Viris: us.

fewer

22. The attenuated virus of claim 1, wherein the protein encoding sequence

encodes a polyprotein.

23. The attenuated virus of claim 1, wherein the nucleotide sequence encodes a
capsid protein.
24, The attenuated virus of claim 1, wherein the virus is a poliovirus, rhinovirus,

influenza virus, severe acute respiratory syndrome (SARS) coronavirus, Human

Immunodeficiency Virus (HIV), Hepatitis C Virus (HCV), infectious bronchitis virus,
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22. The attenuated virus of claim1l1l, wherein the

protei n encodi ng sequence encodes a polyprotein. 23.
wah@sarwenuat ed virus of claim1, wherein the PCT/US2008/058952

nucl eoti de sequence encodes a capsid protein. 24. The

attenuated viru laim1, rein the vir IS .
Ebolayigys. 2\@% lg‘th‘fg VI %B%Wr YT VISt Mfgﬁ?‘i Etsws Vl@%ﬁ’ﬁ@“ﬁ B ¢1rus
(EBv?eﬁth@&gg%reﬂﬁgrone (SARS) coronavirus, Human

mmiunodefici ency Virus (HV), Fbpatltls C Virus (HCQV),

infectious bronchitis V|ru % 2008/ 121992

PET/ USZB08ftegts Y irugRbrlayn u‘§ CIRE BV U AEOX VI flgepes virus,
PapillbEY Gy | fgﬁmxxﬁ§£ Ni | e disease virus, Epstein-Barr

Vi rus , or yellow fever virus. 25. The

attenuated virus of claim1l1l, wherein the virus . is
P8V r J@e atil“ét‘tﬁ@ Wiup @& ClamPé’tﬂ»l Wlll%nlﬁ\?hf‘r fl"}?nuotﬁd POhOVH'US is derived

from %@%& (g)ﬁrhoﬁ_ tlgcgfo%nf@%@g 2\/(L51&k§n (ﬁ o J[B ﬁribe 3 (Leon),

ereln eatten I rus |s |ve

monopa:lbmt@)mlrpmhotnytpseva]:m(w/ﬁhbﬁbyl)rus, potrivalent OV yips. 2
(Lansing), poliovirus type 3 (Leon), nonovalent ora

pgki ov [ - Vi T r
Lo AR R B R SN e
distribute] thadugteutshbsib ifiet ipestsinaheodinlg 5etqmeﬂm¢t ed t hr oughout
the nodi fi ed protein encoding sequence. 28. The
%enu ed Vi e .nuc

sti fgf il nua e VlI'uP 88 i?llatr%#e\atlt\qgmeth%gucpeotWe gyl?ﬁ{%téttons are

resmdtadﬂofaﬂ Iﬁﬁlnat Qﬁtﬁb MoRlQirb@ins@RUEAg 8equdfice. The at t enuat ed
virus of claim 27, wherein the portion encodes one or

of any ToRatR i SLSFRS 36 wiitep IR Fhf RO o & ore

protciR 60thBAxpsidls. 31. The attenuated virus of claim 30
wherein the picomavirus is poI|OV|rus 32. The
enu ed virus of cl.aim31, he nucl eoti de
éﬁuen © ftenugledyiug OF angeanse © Yég 1823 REF NG 1P
picoryR@§.ti on thereof. 33. The attenuated virus of claim
31 wherei n the nucl eoti de sequence of the vira
none onprises SEQ |.D NO 34. The attenuated virus
Lol ailhe ngem\mérvaul% of Flaip ﬁ@wt&swﬁ DiPQIMAVIF; i OHQI!S-
35. The attenuated virus of claim 34, wherein the
nagl eotrhd etterﬁgtban@@s of cltahne 3V} wigdreingen@ittectidopéquetse SHRE viral
I D NO 30 or Sgﬁg or a portion thereof. 36. The
genonag ¢prrEee §EQ N Ot oraworaﬂetfareoa aims 1 to 29, wherein
the virus is an orthonyxovirus.
33.  The attenuated virus of claim 31, wherein the nucleotide sequence of the viral

genome comprises SEQ ID NO:6.
34. The attenuated virus of claim 30, wherein the picornavirus is a rhinovirus.

35.  The attenuated virus of claim 34, wherein the nucleotide sequence of the viral

genome comprises SEQ ID NO:30 or SEQ ID NO:32 or a portion thereof.

36. The attenuated virus of any one of claims 1 to 29, wherein the virus is an
orthomyxovirus.
37.  The attenuated virus of claim 36, wherein the orthomyxovirus is influenza

virus.
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37. The attenuated virus of claim 36, wherein the
orthonyxovirus is influenza virus. 138 WO 2008/ 121992

weEamsWS200D8/ 058952 38. The attenuated virus oPCTIUSI0A8/058952
37 vvherei n the nucl eoti de sequence of the viral

ngggf;r:g%e V%‘ry]lg o r er \N@rm%& ! gg%!%t gmsﬁg_nlce (gl':tbf viral
genonlleDcd}er?s%s oRER rh&el\é@s%@ I§ﬁ© 1P G ﬂﬁN(?‘Pgl nSfEl%iDW 17, SEQ ID

thereof. 39. The attenuated virus of clai wher ei n
NO:19,HEQ IR NH LI fEQ gD e, %EQtIEé\WnZﬁaSEQg@rM@é&mmrQe@
EQ ID NGO 23. 40. The attenuated virus of claim 37,
erein the nucl eoti de sequence of the viral genone
conprises SEQ ID NO 15 and SEQ I D NO 21. 41. The
aBpenudihedttenuated vofus afylanmé7 ofhartiaitenucl¢adid 9¢queher @fithe viral
t he virus Eama vVivirus. 42. The attenuated virus
genomg CQREIST 3 n the flavivirus i s Dengue virus.
43. The attenuated virus of claim42, wherein the
nd6l eoflhdettsrgtedndms of cliime 3V, wiadreinglenoudeatidopequense GELE viral

| D NO 34. t s of any one of

£ENOMRg COMARIISES ééz@{}% Mggﬁ%i is a retrovirus.
45. The attenuated virus of claim44, wherein the
r élr ovihhe attériated Wi of siuaedsfdldmenay 29] whigeinthdyiruskie a
The attenuated virus of claim45, wherein the

flavivijye| eoti de sequence of the viral genome conprises SEQ
ID NO 36. 47. The attenuated virus of any one of

clai s The bBerd@tcdWIEE OF Blainh @ 1 MilidtSinitle Aavivig@Vis Dédgudharus.
The attenuated virus of cI aim 47, wherein the reovirus

r ot S. The ated viyus of claim48, .
wikdr oi 1 P At aom 56 Sebf AmeBToN o Biarh SeiiGiag the vira
genonk@¥aMpries SBEQD NWoNZ. 38 and/or SEQ I D NG 40. 50. The
attenuated virus of any one of cI a| rrB 1 to 29, wherein

CcOronavi rus. 199
P UsT0 81 G B5e5 T8 O et M g A 0 201 VIS BR Yigiss
retrovalds. wherein the coronavirus is severe acute
respiratory syndrone (SARS) virus.

there

45, The attenuated virus of claim 44, wherein the retrovirus is human

immunodeficiency virus (HIV).

46. The attenuated virus of claim 45, wherein the nucleotide sequence of the viral

genome comprises SEQ ID NO:36.

47. The attenuated virus of any one of claims 1 to 29, wherein the virus is a
reovirus.

48. The attenuated virus of claim 47, wherein the reovirus is rotavirus.

49. The attenuated virus of claim 48, wherein the nucleotide sequence of the viral

genome comprises SEQ ID NO:38 and/or SEQ ID NO:40.

50. The attenuated virus of any one of claims 1 to 29, wherein the virus is a

coronavirus.
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52. The attenuated virus of claim51, wherein the

nucl eoti de sequence of the viral genone conprises SEQ
WO DRIz 53. A net hod of making an attenuat eRCT/US208/058952

genome conprising: a) obtaining the nucleotide

it 1By ShafReiiing" ERE" Sbdbec BT sEoniERat Fige soue
respirBSAHSAARHMOSAN P Vi@ nutated nucl eotide sequence that
| encodes ghe same am no acid sequence as the coding

i on rent _virus, and ii a. reduced

h
cSdon E§P ﬁ%tﬁﬁlageﬂaétﬁeaf elaine 81 KRerein %’é’“ﬁ%ﬁﬁ BRcBengq Ry the viral

genorP@EEMriscy SEBS Dﬁ9d42g:) substituting all or part of the
mut at'ed nucl'eotide sequence into the nucleotide

sequence of the parent virus. 54. The nethod of claim

533. i nAwrbRd péwk%@pﬁgeew%@%ﬁenw@&n& he step
oncomn SpCHBP LR AR AR RARLEOR B AL IGR, ERURREs purcn
codos) pair bias |s reduced by the exchange. 55 The

nmet hod, of cl ai.m ere step is repeated until
t he coabwaﬁa%m%r ol ¢laf eqdigle Bedyiars B vkpauatcd

5QucldfificrbiQde ffat cl @i m 54, wherein the step is
repeated until the codon pair bias converges on or

near amn anpodasdhe saatcumming Acid Fheuamet hottic obdiagyegmoreofthe parent
claims 53 to 56, wherein steps (a) and (b) are
i ilefBht ed on a conputer. 58. The nethod of claim 53,

wher ei i) BiePredbded odas Phie¥RE chMpsled ROME coiink Iia@gsa)ﬁsopﬂhe parent
the nut at ed nucl eoti de sequence. 59. The nethod of

cViP¥aB8, wherein the entire genonme is substituted

por UshEFBLBE 3 BE R ne IR NGO 320G ee jno e,

anpéledtiderscicnih of thichatengeingyre i s substituted wth the
synt hesi zed DNA. 61 The net hod of claim 49, wherein

“fgﬁ Clpgl nt lllqr%uo r 65t3hat Q 1?61 ﬁea%r%ngfngt cogo%go%nﬁtlsg? step

of ranf@ Uy @ﬂecuhg? @hcﬂ&)ﬁ)haﬁg'ing f}almmao@f endBdih P thedamtangneladi@dnd
virus conprising inserting an attenuated
determining whether codon pair bias is reduced by the exchange.

55.  The method of claim 54, wherein the step is repeated until the codon pair bias

is reduced by a desired amount.

56.  The method of claim 54, wherein the step is repeated until the codon pair bias

converges on or near an optimal value.

57.  The method of any one of claims 53 to 56, wherein steps (a) and (b) are

implemented on a computer.

58. The method of claim 53, wherein step (¢) is achieved by de novo synthesis of

the mutated nucleotide sequence.

59.  The method of claim 58, wherein the entire genome is substituted with the

synthesized DNA.
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viral genone made by the nmethod of claim53 into a
host organi sm whereby attenuated virus is produced.
W®@2008A2M9ci ne conposition for inducing a protRC/USM08/058952
innune response in a subject conprising the
enugt ed vi rus. of. y of clains 1 52 and a . .
pﬁ £ madbE 1o §f iimagt abre LheTipR ot e rafrgoghsds suhstituted
Wﬂhtﬁ@ﬁﬁﬁ@%hb@ﬂ»@& clai m 64, wherein the attenuated virus
(1) does not substantlally alter the synthesis and
processing of vir prot I ns |n an infected cel
ﬁgducéfée fefhadpf ¢ BIF’H\/‘i Eibatsat Pays 1 amaura aSOéaéF |
as wld type virus; and/or (ii1) exhibits
s6éDst amht aldtihod WRIIMAIL ivbBresP®E iphicat Vifdsa6 binMitint of Baatural
the wild type virus. 66. The vacci ne conposition of
isolatg| aj m 64, wherein the attenuated virus induces a
substantially simlar inmune response in a host ani nmal
ag3t he ACREIhEE BORRkKING anaktendaydieviMisicdtprisPg 1ns%rtﬁ%t dQtenuated
_ for elicitin rotective inmmune response in
viral goppe gadg émsg@ @ﬁﬁﬂ@d@é aYatn S8 éntp ﬁdlos@rgﬁésrgu\ﬁb@éby gitenuated virus
ismngﬁgahylactlcally or therapeutically effective dose of
€ vaccine conposition of claim64. 68. The nethod
of claim®67, wherein the subject has been exposed to a
p&thog ényascingicpmpositon fon indhickngch Ifrofeciiyeiemunargspense in a subject
comp%ss}rsl%ﬁle atttfgtél?a(r;r%(g \Zlﬁgsregf%gﬁﬁ[rv Clsa}l’lﬁst Fgo d# %nll'(lis peha,rrrr%acetutlce%lweacceptable
carriecBubj ect a prophylactically effectlve dose of the
vacci ne conposition of claim64. 70. The nethod of

¥ ? ‘In gn g gﬁf“ s accwer%)gnptogﬁlfﬁ&g %Ct g?g\gli%g]% hEXRAELq §(i) does not
substa%@lﬂ#ﬁ?&@ﬁé S8R and broclssit (fﬂlfilrai Protdld i@)&hﬁﬁfe%ﬂé@ cOIMS&h

of, or slowwng the rate of progression of,
produww@ﬂ@rmnéﬁ o idorsengs enfeaiccacalt asuild type (th@%l aggyloy 68) exhibits

substat%gl gflr q,lrﬂ)})% 191?11% thm{ygtg!nbﬁle %F(Ltg/ﬁé yitus.

|ca |ve Se of vaccCi ne
conp03|t|on of claln]64. 72. The nethod of any of
cbai s Tey V@@Hmcommwsmne of clafmbitswheeiadhe aftenueted vgus smduces a
t he : ect at one, a ant The t hod, of .
substaghSiy SHRHE e S g BT RET BT s g SRR Sbe virus
manmal or a bird. 74. The nethod of claim 73, wherein
t 68. madymbthbg far dhigiveng.a ﬂStectT*Bdandsmhse{:ﬂned smbjk:et comprising

admu&%en%tg th%fur]?g%f{ g]p{rc%hg ?%1 %équP Oaﬁértq%ﬁﬂ%e (%sg %f the vaccine
comp&Rigssf Gahesh.| i fe stock species.

68.  The method of claim 67, wherein the subject has been exposed to a pathogenic

virus.

69. A method for preventing a subject from becoming afflicted with a virus-
associated disease comprising administering to the subject a prophylactically effective dose

of the vaccine composition of claim 64.

70.  The method of claim 69, wherein the subject has been exposed to a pathogenic

virus.
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77. The nethod of claim 73, wherein the mammal is a
cow. 78. The method of claim 73, wherein the mammal

WO 2008/1piogz 79. The nethod of claim 73, wherei PCT/H82008/058952
manmal is a sheep. 80. The nmethod of claim73,

rein th mrmal i.s horse, 81. The nethod of cl.ai
%, “wh @F‘E‘Oiﬁrﬁ‘g d?ﬁfﬁ‘ﬁbﬂ t%F gnset o opRlopiing %6”&8?%@55@2%}’ a

virus-associated disease in a virus-infected subject comprising administering to the subject a

therapeutically effective dose of the vaccine composition of claim 64.

72. The method of any of claims 67 to 71, further comprising administering to the

subject at least one adjuvant.

73.  The method of any of claims 67 to 71, wherein the subject is a mammal or a
bird.

74. The method of claim 73, wherein the mammal is a human.

75. The method of claim 73, wherein the bird is a domesticated poultry species.

76. The method of claim 73, wherein the mammal is domesticated life stock
species.

77. The method of claim 73, wherein the mammal is a cow.

78.  The method of claim 73, wherein the mammal is a pig.

79.  The method of claim 73, wherein the mammal is a sheep.

80. The method of claim 73, wherein the mammal is a horse.

81. The method of claim 73, wherein the mammal is a an exotic zoo animal.
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