COVPCSI TI ONS AND METBOBS FOR | M| EI TI NG EXPRESSI ON OF
THE PCSKO GENE > fe | e te Appllcitfoiis This

wa@ppliizabi on clains priority to U S. Provi si onetT/US2007/068889
Application No. 60/709,458, filed May I | , 2006; U.S.
Provi sional Application o. 60/8] 7,203, filed June 27,
2006; U.S. Provisions! Application No. 60/840,0 9

filed August , X S. Pr n pI i cation No

60/ 829, 914, fi ‘B’GF%&(SB'S‘P sp-@nd %ﬁélr?'ﬁ

Provi sional .Application No. 60/901, 134, fl | ed
Relal:e%bz{’}m{ 2007. The contents of all of these

I'sional applications are-hereby incorporated by
r eTlds eprlecation thans preority tetyS. me'isionalrﬁatam Alpplieation(Serial No.

| e-. strand ri bonucl ej (dsRNA).. . and. use
60/ S(ﬁ%%#g &?%{3( M‘?@jq% ﬁ&(’r Hicemmogt %Anﬁié“’t BFeneRiassip in He ent“ety
expression of t e PCSKV gene and the use of the dsRNA

to treat pathol ogi cal processes which ca be nediated
Fiel(bgftﬂe\lmvemgml ating PCSK9, s ch as hyperlipidem a.

B OGNt Tt Fo bbbl e LR liBls And AR Fusing
algaeStd MakeivaliBuSsioii@s pr ot ease fapniy, The other sight m
aan subuiisin proteases, PCSK -PCSKS (al so call ed
PCl /3, PC2, ibria, PC4, PC5/6. PACE4, PC7, and
ar.e te| r conve ase i hat process a w de

Bac'ﬂ%?‘i"é‘rﬁl\ﬂg’fe IBP’ Y9%s mthe secretory pathway and pl ay
I O5Rbal \Waﬂhﬁg d8@tPinBlefgts 6RCORAE @&)‘éﬁgre(:ﬁﬁﬁﬁé gé’sfés (ﬁethane
(2000) , Em ochnoL 24, 1-22, GensKerg,
chlorgﬂﬁmqa@ps, efvelin the @)tmqp_here,'pnd Sdflerpread nateg, poéluggtgg'}th

nutrl%ﬁgﬂiﬁgit}ltrgé g&ﬁ@os&?@fa&?@% éantal(né%%%)cﬁf %ﬁ‘g}%&‘lhé‘%’a_]or

envirdAmétaPébed Eons. Emﬁ{%hhmmmanemroﬁp)mﬂmlq&s phdypprahches fre
chol esteral netabolism PCS 9 expressi on

availghigfernrodlutian aeevertion adgoptrel S}eé%{n@tfb@ris PEESEPAY YRTHRRENSiVe

with “gﬁegu ’cogs%ny)tlscin{aglg%%}qluﬁx%'}%s §S§lud€ff %nc%%ﬂigcﬁjédqwégtgg generated

from (tmeéystdkm ereakfficelt to E[hﬂ ovith an\iaﬁay alB) pdse telridddflerdatng) |
rﬁpﬂ uI ated. i rol re é;ntor/ el enent %i ndidngl.
seco ) i, Ingp,g &35 SOt P%?qrétﬁergy are {he predominant
sourdeg gpgﬁerf}"' Qééd 1Dyl andGRE 236 *no“s%@tair%@le A3Q3drpy 1339&%) tion
simlar ™t th chol esterol biosyntheiic enzyimes and the
increhsegs the natutaf résepep pﬁtlesmnmmable fos il fREls shrink Heastieally, For
instag%(ef ?}ng?%e@rﬂﬁ o%tq?ukg)ﬁgﬁ,{%férg Y1 J&B{.‘f %A;%[l treosert\)/%s will last
apprcfk:hﬁiﬁfe‘;)h%{ &4 61 [edse PrRIuHiion &1l do@sﬂmﬁm &Uk@bsu 1?{&1? ake d)abo the

(2003) NaL CGenei. 4 154-LS6, Ti ms, :
majomse@ﬁreglomqlzandﬂ@a:km an@@/uateépollutlon P . (2004) C/

de 1 1rr1ﬁeﬁ§dﬁl?ac£eé%f‘$aﬁ ﬁ{ ;Eg?ae taéénfhﬁgea%ggwilérggql remove

nutnmpaxida@thmontzmamg fr@nfw@dtestfbamsl Butl dan @8t EREHCYiNBIy RBh SdFBand
SNPs) have heen associated with chol esterol levels in
recy waﬁaﬁafé@nﬁdm rgngvablq Wamaps. Magy oiherppusuch as pgymrapeseeds,
49 §
sunfIFBBRLee Hhd P b e AR R MckRER Txtibiescl but these crops
can nohadeguptaty menfosmexdstdsirtare trewtaledd total d LDL
chol esterol levels, t d xanthomas, nd premature
at herosclerosis {Rader, D. ]., (2003) ./: CHn. nvest
H , 1795-1803K The pathogenesis o f AD s and a
recessive form autosonmal recessive
hyperchol esterolema (ARH) (Cohen, J . C, (2003)
Curr. Opin. Lipkioi. .14, 121-127), is due to defects
in LDL uptake by the Hver, LDIf may be caused by LDLR
nmut ati ons, which prevent .LDL uptake, or by nutations
i the protein o UL, apoiipoprotdn B which binds to
the LDLR ARH i ssggsmedTRSHEETGRURESE) N t he ARH
protein that e necessary for endocytosis of the LDLR
-LDL con‘pl ex via its |nteract|on vvlth cl alh pn,

Y NN ZN o4 o= oy '
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conpositions and nmethods for inhibiting the expression

of the PCSK. 9 ene w a cell or mmma using such dsRNA.
wab@7itsmzent i on al so provi des conpositions and PEL/NSE7/068889

for treating pathol ogical conditions that can

nodul ated by down regul ating the expression of the

PCSI C9 gene such as hyper hpkl errha. The dsRNA of the

|nvent}§p qgrlses RNA strand (the anlisense strand)
Summary, gt the Ipxenijon,hi ch is 1 ess than 30 nucl eotides in

| erlﬁtarﬁrsige%P&& ahé YredSnt %f‘veﬁ’ei&ﬁ? idé@%omed €nBlddia pnd is

substantial 'y conplementary to at | east part of an nR
compositians evhicptin ticusadatPCEK®rgléngn. gEmproneonaprivgsoneit motetnaicleic

sci i Ghndsy NeRedPBERe SRUPRr S Ry L ERD TG Tafd s

ID ﬁ@&@b@en%%'r e, sgauﬁ» Ngmoms 9&5@2 ﬁsemuTS)A/sEQeIMo&es
COITp enment arilato each ot her.

(IT%?UmS??'é &7 of 198) YN NOAgH SiRg7 ADX Pﬂ%SEQé%ﬂ&e(rbﬂd—l 160
and conprising a second sequence. The
bp)gpgﬁﬂgeésngigﬁgﬁgonpr|ses a nucl eoti de sequence which
I S IaubBstaataspddtthe prepdre imhasy pilodidat alselsssdntiphy pufcultre,
Ki RNA encodi ng PCSK9, and the region of
co n&%ﬁﬁ@enentarity i less than 30 nucl eotides in |ength,
Qfalhy1n§mgﬁe&ﬂﬁiﬁ jides t length. The dsRNA, upon
con actln a cell expressing the PCSK9, inhibits
t h&bex prtks sblaredof?/bivda BESKKIhg thivd dsyecadf é]b im\@tﬁioﬁor
exanpl e, . the dsRNA nol ecul es of .the inv j.on can
oA R R A T LV R A g
co nﬁ@@@@ted fromthe group consisting oft.be sense
sequences of Table 1 & Table 2 the second sequence
| s (8kl ect pwtdhiomadatére agd oup consi sting of the antisense

f_Tapl 1 2.orgne dsR
of Bho. ik St B Ble g AP Eeet Rarapaleyrenion °°
ocqurarfbm@h teteipl@Ininvéntida @i ri@Ho@f foRlipideasition,

one nodified ucleotide such a a 2 -Orethyl nodified
wastyEt genadation, mastcegs rarediaiopr qttyj/qfdolgmass production, comprising

culin RGP PR Bult PR AN o Bloly Cle: SR e
nuchididid eduanel seletied éroyn theghagamntisoig s1REQ lIDl]NIOOf(iT&—1249
-2l ~fs | dified | eotid
o) RGN ke FeI oot 3 0. DN SGKET it 51 PEETS)HEQ D
| f
Ny i 11 ot ) aat DA e bhar b Haaf Shi ROz
(rbcmheskﬁOslm) @mdaplemeats dhacefomdvaronditionsasgal o fiprlipsd rsglatlon,
tid di fied Il b
wasf RO BT St NGeg el NSl P CRIPGE B Fr om
t he group consisting of the sense sequences of Tabl es

| and Tabl e 2and a second sequence selected fromthe
Brigfrespription o§ thenligurfest he anti sense se u ce of Tables |

Flgilreaf| %dcgegp %fe ceétr Sr‘r&laﬂ‘gé QI? [ \xﬂh?(gnelﬁfzs hﬁC)zla e%n L oqqfltu{eﬁi in 300 ml

ng one o
capz!tdﬁt\y dlaks colliRths §64 tmilsng Wﬁh Ak lirdlch YiamcfoR ofl2 l3asn€)€Chlt§ﬂé§ ere
as a hu cell. In another enbodi nent, the inventi

acraigdovyithl 6@mBrepted reiecoB N BE Pithes ol 15% & Goof ultyrms Wﬁfel qﬁéSil C

t the PCSKQ gene n an or ganis ,
andé%ﬁ%ﬁ%#%?ﬁéfﬁﬁ”%ﬁ §ﬁbject conprising one or nore of
Figill& 2IsEffedt ob tarbbue dioride rohi taioman didd pharivedéidp. (@klture conditions

cceptable carrier or d kivery vehi cl e n anot her
Wm% Mivei descrifed ‘HJ%%FF? provi des a nmethod for
inhibiting the expression of the POSK 9 gene m cell
conprising the follow ng steps; (a) introducing into

t he eel; doubl e- stranded rébonucleic acid (dsRN A

wherein the dsRN A conpriseS at | east wo sequences

that are conplenentary to each other. The dsRNA
conprises a sense strand conprising a first sequence
and an antisense strand conprising a second sequence.

The an1sease strand conprlses a reglon of

o o . a I T



10

15

20

25

30

25 Fig. 4 shows the results of the in vivo screen of

16 nouse specific {AL-DP-9327 t hrough AL-DP-9342)
wEaHKA3eIRNAs in C57/BL6 mice (5 aniraai s/ gr oupdT/USINAD68889

serum chol esterol | evel s were averaged over each

treatnment group and conpared to a control group

treated with PBS or a conirol g or ted with an

unr eds'R (bkxxi cqagul.ation f r. Vil

gy £ Bl SLrroe Geitnef ARISbodim e @rngnind boia b7 ,°

Chl§re?la%@$1%ﬁeddnﬁﬁloﬁﬁ§dﬁ% 2 fbr Fldueugh AL- OP-9326) PCSK. 9
in C57/BL6 mce (5 animais/gro p}. Total ru

Figuieot. ekfifeat of dalevwhse\m@iﬁe(lhw&v)agegtowleof @laleheltarseagmwmtm 300
ndc r acotrol rou tedt o

il 2R AR SR RBEcblas SRR b Rl R ol R . 1%

coz(, lah@@@htﬁﬂa@siﬂuahnmmh@@w«) uMe) m?'g 6 shows a

Flgg‘_ ngarl son of the in vitro and mvivo results for

nkifeg oPdSKoWa P atPRombigmRsy yieldps (dew//¢ sheigrewsn in a glass
&ry
ol 3o PPIGRR TSRS, 8000y ARTAETY
Flgﬁﬂﬂi I Effd:dﬂeﬁ dSlt'}RNéﬁe\tlaelp@rSKplﬂ cohfegt of C/gbv@WE sp. gtowa in a glass
actjvity of LNP-O Fonndated chem cally nodified 93 4
coluppyy bisraggios Horavsh serdiBansavere fhceyaisias ih figare Veari y
f [ I enaci
Flgm V]Ftﬁgct\’)? Hégfﬁgﬁ%ﬁgxg%gﬁlﬁ p?cRiél%Mvﬂt;f of (Z{z/l)é?elﬁz :p %%%gn a
glaﬂs cuhaaut bioreactpr @wioddts camlitutnis overd thetsaqne ebhelFmgufe 4)reat | ng

Py BOCROYE By GG AT SN e DAV FBOARAP gig St and C

=gl d (dsRNA) to silence the PCSK9 gene t hus provi d| ng
treatnent for dise se s ch as hyperlipidema. e
Figirp/ niNeighbqyr oininge@NJd trap bascd on ahigesd mictsotide basjuencss ifet 827

basds R 08 teigh® b SR OB R R ARG Z APy  Ghesagiqnat

Tax@hoRUEts) UsloAgink I&GCHI%RM?ftaTrIﬁe hiMBEY iaBEW crefchRs dicdesthe
conpositions and nethods for treating pathol ogi cal
boogsgpliveluehieselrer o the guiosity fiale cersenyis tres @i p hoetyiray angbyss based
& SRNA
on {(ROSIcklthy’ Pl FERLERTIAN Bluct BBl b BBl Rrontizt A
Figtury U glcightiprgeiassy (NIpuesbdsdidonhbgicdrminotdd Rhlﬂéﬁces fdrd 129
dsRNA of the in ent i on conpri seeinNA si rand

base;paifsda Hagregions At ChdtAnk 4V £ Tl Eghednais ferChlgrOPését% Thegpmbers
abo;;@bﬁﬁﬂteg %dlgﬁétﬂe%obﬁtrgl% balg Sl ddindBe A hﬁ@t:bns%ﬁsds tree

| engt I'S substa con‘p ement ary ‘at
of adfoots@pRhialysiabased bptl 00F rdpheatmmleg@meugn'tﬁ@nm sducn‘ below 50
theselpdsRNAs enabl es the targeted degradation of a n
is involved i sodium5 transport. Using

FighRl 11, baseguand aﬁgmﬂatt A SIS dPTES CmR YGRS Rlla 5 asp

have denonstrated that very | ow dosages of these ds
(CVoand jfe glosest ahylyg%mdc@fyfriekateeirﬂplevefh@@tomléz WRkgris CBS 15-2075

(Gen?el%hnkt[%g% yer sglegl %2‘(84 ﬂgiﬁtgggéeg cgﬁngéi%? Qhgre

marRéd {dparatdly.ent i on corrprl Si ng these dsRNAs are useful
for treating pathol ogi cal processes which can be

FigwiediZat e Pegycgsviisneit oft {198 bpesrdd; fos Gdvpraka s (enend its

clos G O TRt ALY R DSORGB QR LA A Rfsion

Nurab: ABAPOBISY). Tescodombtaits from HsRikotide.i nh| bit tbe
expression of the target PCSK9 gene, as well as
conpositions and nethods for treating di seases that
can be nodul ated by down regul ating the expression of
PCSK9, such s hyperlipidem a. The pharmaceutica
conpositions of the inventign conpri se a dsRNA havi ng
an anti sense strand conprising a region of
conplenentarity IS which is | ess than 30 nucl eoti des
in length, generally 19-24 nucleotides in |ength, and
is substantially conplenentary t at |east part of an R
A transcrlpt of the PCSK ‘gene, together mnth a

. T o o nN
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person. Such conditions can, for exanple, be stringent

o dit o s where stringent conditions o y include: 400
wOo00a@3#% | BM PIPES p-3 Ai rnMEIJ[A 50X orP@RUR0MT068889

2 16 hours followed by washing. O her conditions,

sucli as physiologically relevant conditions as

beencountered inside an organism can apply. The k | d

ersoqn wl| h I rm e the set of conditions
Detgﬁ éﬁﬁ?‘(‘iﬂ’ﬁw&"éaﬁ)‘i)fm&“f‘ggt of conplenentarity of two
SeqHaNhESashebt ARE BFAaN GRventbl Prodidel bih TRl LePORbFGALHON

of the hybridized nucleotides. This includes '
Conmmowlnarﬂg thf 1solh@dc¢hlqwﬂ@ sb.egsnome comppsdsymaoF soré gesleic

aci RABR P Eebd Bahe bstyicetishi GSEE MNP (¥ ri240 bo). SEQ

ID N@@@Hcmqupbp)d SEQ 1@ Nooyﬁwslheoemtsg o ITS)t BEQf I Ne 4
d second nucl eotid Tguence Such

(IT%?ar§9?ré13’7e¢@rTlsé»OSEQ> IRNG él(ﬂ;/s Apbeherd SEQ Iﬂlﬁ%)fﬁ GrbqaLvl 160
o AL S B D s B S PRl
acid m@ﬁrﬂas}; sblrl@essas emiwzltikaefquele@evﬂe(flﬁ'ﬁnlla tsp &f}E‘[M@pl@mﬁl aneaton,
can he fu conpl erentary, .or they may form one or
andﬁﬁW@gu%@Flbéﬂ@#%@W' ﬁ%?%m?%an 4, r 2 m smatched
R T 151 L34 e
inclndahg%&hﬂot\lmltddeo tipigd prodattioapphsteatteraemetHatien,evastevdasr e

oI| nucleotld s, are desi dto for upon
remp iR DR PrSHE T GBS g Pty WAGEGDTeRtrdnGY.
exalg\lgfeh aOMBMAPRES afhéghniB ®rtilSer! eDRE QA% MsSHBLCA®Sore detail

regard to the determ nation of corapi enentaruy.
lwkﬂbr exanple, a dsRNA conprising one ollgonucleotlde 2

nu Llll'“i]eeloa?gat&g g?t?lﬁ ﬁrsé ﬁiﬁeﬁp 0 %Pgeﬁ@é)%n\gggegiﬁagefby a selection process
fror@ L1008 UBlaRYIfElen € Rt icB EiSorBn @R e PRo&Tix Zrckropolitan arca. Thus,
nucl eotides that is My conplenentary to the shorter

the 6?1(0@@%%1 deivedenasnpgynapenallp ecqusting, bapipicyionsly nptisplpted, or may

v RSB RPN 0 L PR Sy ey SIS Mg, g

usedherbm, ther@vdar-edntsp rietlyddsranmstrhinonith/hit sdnnltlfymg khatmsmstlcs
pairs and/or b e pairs terned fr non-natural and nod

ICCIE®t nucl eotides, in as far as the above requirenents
Wi t& 1158%3 m@fein e térﬁ?"‘lgolgt@i . fn%é(n [RatlhY @'a%tcbO)%a offh€ algac present in
fultilled. The ternms "conplenentary ul

the campisgmerdrapf/theaccisd taégahtypﬁalhlfyrthmwpibedmnmm yt Feadt @6 %i, A8%,

or SR ot ARRE P IR e B0 AR A8 D R S fbtated

ChiBFellR®p V@)%ﬂ)otsﬁ‘l%n 2Re BOSHnFEd &Nfoell itsAISIRWAfRREh, Arib@& @ 8h solid
sequence, as Will be understood fromthe context o

agat pleics. use. As used herein pol ynucl eotide which is

sulst ntary-fo.at least, part .of
ot il itd SRR ERRPLY: b8 il B BBk RuEat o
signiificapti Bandfta 1ptdke, G0 AR lab@Ntcadsyigni e ial GURILA IS0 inOficafs
t raRNA of interest (e.g., encoding PCSK9). For
selegted o thegroyn spmsistinsel m@omh@@bﬁmﬁ yang @%gaule%bora and
HERK n I
(111)94?1 abi IR{%EAI: %ﬁ&ufa@ﬁ% ({uahﬂ?etszoﬁ(rﬁu A eg (1‘?1%1??%{1%#4&10& ﬁg\}ﬁe%to
crud?: protélrﬁ%l@ hpiﬂs;etotaé pondmabzluﬁiee t arndmﬂ edrothAlds rsetettd® RimAhe
as used he e refers to a conplex of ribonucleic acid
nol ecul es, having duplex structure conprising two
aaii-parallei and substantially conplenentary, as
dei med above, nucleic acid strands. The two strands
form ng the dupl ex structure may be different portions
of one larger RNA nol ecul e, 'or they may be separate
RNA nol ecul es. Where separate RNA nol ecul es, such
CiSRNAr oiten referred to in literature as si RNA
("short interfering RNA"). Where the t o strands are
part of ~one Iarger nDIecuIe [ therefore are connected

Y e . 1. .
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introduction into a cell includes nmethods known in he
art such as eleetrop ration and lipfeciiem The terns

woO gioraseed and 'inhibit the expression of, in BCI/US2002868889
they refer the PCSK gene, heroin refer tot at |east
partial suppression of the expression of ihe FCSK9
gene, as manifested by reduction o f the anount of

MRNA t r.ans ibed from.t he PCSKf b |s | at ed
rof Gps slif pLRE i g garanf; AL g RaipRpases sptock
or aﬂ@ac‘u[tﬁfésf%d mn@) breBindhahass @krcbpve been tr eat ed such

thai the expression o f ihe FC SKv gene is inhibited,

as f&@m@éh@@m, theaplearsobiiliceiol grow”gfre@uqoth@t the €&ldrella sp. are

antial | ent.i he ell o

confly PLABIARRRRL 5P vk Do Snchloflor B by Pt R recies
condli€iond.r Q4 usaletdin, tﬂ'@ﬁhrﬁ@gfaﬁ%bﬂltfr td minmatté ra d (?xaﬁﬁtltka;'dfy

expr essed |n t erns f(pi RNA n control ~ (rnRNA
nutrigity” rpeang ghq fok owmo%rlnﬁmnl(wtr@mrramm@w a@;nomum) removal

f [
frorft?‘lcl)ﬁ&?n e\L tero%lﬁgyﬂ?&&ageﬁa&%%dsw Pf%’aér ‘Pl@ergﬁ%ltf’o%e% a%’ ﬁ?ra{@ or
amrhonik @ ek Itcmlr Bﬁﬁ?&ﬁn@ﬂt i8 régaddesleR iapligloremoalgratet (e assimilatddg large
protei n encoded by the PCst 9 i;ferne which is _secreted.

quawle& of @pirients). Iflﬂee GS5BEF Opfenpayal fregmarosysr lpnk fuggas emissions
of af Rhl@ Iaﬁg speby %gr ht%r ot é’l? RUuRSIeSyer héur o rchﬁ‘%'rltﬁ)&ﬁmmg (s¥&Parded

gene silencing ermned I n any cei
as aduglr eswivalgratdheAs meg ébl;elre thehghrasedabiliityt tot acvemyla@rla@y

enom ngi neeri ng, by, any.appropriate assay.

mwﬁ% v8?b é%mﬁmpggQPzﬁ%% @yﬁ%ﬁggd in order to

detg rarﬁb&ﬁldvyﬁﬁéckﬂ &he egén\f %e@ﬁ%o‘vm&b Ristisstdd¥@lly pure culture,

expressi on o CSK9 gene certain degree and
contphﬂemgfacgremhsmediwmmdéheembyedt¢{émh?ﬂs isB: af theveshadpoet, oftthe

say, provided in the.Exanpl es. bel g e as,.

i GRS LRI o B mePE YR P B ERUE oo for
cultB%ahE8EhO6f Bb gtéﬁentﬁﬁféﬁtlan J¥Realigge 6£HPPIBEEREh Bh Gbw

| east about 20% 25% 35% o0 50% by adm nistration ofih
photosyrsbefically op £ dorpligviud pediigiaug amewy of Hochpytgents.gThe

vl PPy 05, 5y 5 TP Pk or
purgiseblketbdrfandadiaal lagoraticy eoltivatéonoto late scale enltivation for use in,

sone e odi nents, the P K,9 gene i s suppressed by at
for pxagyyle, "53@@19@% dyp %Wb%}ld;}fﬁrﬁlgﬁ 3%%&5? Bipdystiqm eduitable

algaqi %i‘@)lftﬁ Rddi AR %{jb@bﬂe}g&l@H AR qﬁ‘clﬁémg Bt ﬁd'f\ﬁ%ﬂ{e'dqg BG-11
l'es s 2, provides w de range of Values for
growmmbdmmc(meofor@xmlpk:sRmpk@,bIQQPh edltinmgatamiptiatures ofdbetween 10°

and S AT PR B an A hRGHT e PR WG B Een g e 30° are
usecs@l}m@ﬁ(lﬁ}r E%g'lﬁ%s@lhﬁt\b&h% urhé18A%s 7 to 1 60RALABIT s ' Rused; in

orélief fromor al %myl ation of
Varlpaft mb@t;m@aus, the sangs ey behli0ghineelm’ tﬁeﬁ}()a@re@ll rhys dewl50

regul| at | P K92 an t he cont ext. resen
prnol rﬁg St IE oA m gas%lu{th é?er%tlon 18 8arrlﬁ: %wﬁﬁ etg{eﬁng)% and 20
(B:@znﬁ‘l i‘zarfms eﬁlﬁﬁdilhf%ﬂtsh@d’r@ﬂldh o eh®id oat Wﬁh betwadn 0.5% and 10 %
pat hol ogi cal processes which can be rredl ated by down

Corrgé%t'@t B Pher GEBKkandge’ Ot he terns "treat"”
a ) te

RSO0 LR HROIREHE Rl RUBL Bl b

maihf@ireld dn Standeaey efttf&latl leovith agrdéesi Bor mgulaumlamtmn@h ﬂsurposes the

r exa n the context of |i

Chl??@élaﬁﬁénﬁaw Fin bl Jeligndeiiusnd Phidap égann ?ﬁF%JuIPdé{f/ gither
As oscd herein, the phrases "therapeutically effective
anmount” and "prophyiaciicaliy effective amovnt" refer
o an anount that provides a5t herapeutic benefit in the
treat ment, prevention, or ge-ent of pathol ogical
processes which can be nedi ated by down regul ating the
PCSKO gent on or an overt synptom of pathol ogi cal
processes which can be nediated by down regul ating the
PCSK9 gene. The speC| f| c amount that i t herapeutically

Y Y T o I
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between 19 and 2 1 nucleotides n I ength. The dsRNA of

the invention may further conprise one or nore
wa@Rmghaset r anded nucl eoti de over hang* s). The PCRNE200A063889

be synthesized by standard nethods known in the art as

further discussed below, e.g., by use of an autonmated

DNA synt hesi zer, such as are comercially avail abl e

from .for. exanpl e, Bj.osearch, li ed Bi osystens, |nc.
confify s 4 hin D B R el Rk Shases o RE st (10 to
3 I fi y | .
40 {hsid 7 Pand EmAGKALS (8 O CE MR culdi Altink ¥R Srom p 6.5
to pElehsS eNs €Quenoesmaft ishiahhies br antht@ananadf @rleedlarsp. isolates. In

sequence.sel ected ro the group copsisting of the am se
Varigus RfeRUEE P 1@‘% te ﬁu@.Of&PR%fFﬁ%? 1‘38 I grovgh tanks 1s

preREBY Satbdied AT atR)ud EMIEHELLIX IPE, MR FRRBUERGES,

provided in Tables 1 uti 2, can readily he determ ned
betweay abhet 20a€ genbaedldnce and the flanki ng PCSK9

sequence. in further, enbodi nents, t SRNA conpri ses

ot I SHEFus hbadbr S GER S Feld wied PERB GRS sp. of
the Pfe@dtR $nRhtiSLENEHERS wWRLEWhEE B Whstd akeeSThls @adtmebithm is

ot her enmbodi ments, the dsRNA conprises at least t o

partsadpibrisetil sdice dieddi/predlesp his sgt ig@pvasicaichiabag pefcetshe
east . . - r t her of
oty P o gt B MERRET e PRI TRIN G ot o P AEbs i g o
emiBAihan Gdsniveastuasd andisedltd prepaephemediuay, Vit isofr SRGUETNHE-
of a uiR A generated jrs the expression of the PCSK9
con‘@gﬁléﬁ}te@ﬁ‘@}c ar wystewafer @@mdlbsg% pyastewvater, agricultural wastewater
. : ‘ . . ' de
o B R LS G B AN OIS b Syt s
emittb{remqunctr gbiganusdiveohg detuiad gaesdriogrsdorafbuc dgas emissions from
iserise strand [n Tables.1 an he skille erson
fossoul B PP i LRGSR BF et gt be ARk
cultBlafddGh Wpeindfy BRIWB R dARN, 3000w bPhdiSREST | AsE&ldidt addlior waste
base pairs have been hailed as particularly effective
gasi Altermdtie¢inghSCRMemsre ciebeadevat&l sradhiin thetwastestrEvB®urce.

WhhiFrkieclsf MRt ar okt N o BB UR G LR by fen

up dnld@sereedehe CHRSENd 96 JuabiQY 8thcPiutyvichts U tE cdd)Both
nature of the oligonucl eoti de sequences provided in

wastegtterscontagiae gnd smkedyyrmignds ¥ remevadripd soneited apfo
ri . Str i NI 'y

B Rl £, 08RO B LT PP
biortlsSNAS prraiprthsivagewmer Bfadtdictoskgudneemedfumlatial dsirdd €hite2 This

nigus only O few nucl eoti des cm one or poth ends may
watgfe glp&ﬂl 1|e§) ﬁ@g} @gtvyay@ Vé@ercs(?ﬁffﬁr %m.ans? 1HRIR . rients, such as

| .

phoJ83EE. By ALy LSR5 SRO G, A Ao of
Chlamiuispuawse runbbdmidnd eSthe vaistconer bt ingheated guenme sufffcient

nutrl-{q?]gsl @%B%tg@gﬁ% ﬁ%@?g]lﬁe%)l : g@lﬁﬂg& glglﬁ e %Egsggléﬁ%s%dgggﬁ%gmwth
med@RCASRBLWARER AR BRLAWs BYaRtIuBS E1BRe/Rs spl Reatdrent the amount

25, or 30 %inhibition froma dsRNA conprising the
of greith maligegaehe écreased. cont enpl at ed by die invention,

her .d . cl i thi .
or o\ aBor RN ting B F stk ket P N B EPERG

growheraRCOKPof eftaig e4 el e tetmPe@tire J)idihld@ient Boncentrations in

addition. ihe RNAI agents provided m'fables 1 and 2
identify a site mthe PCSK9 nRNA that is susceptible
to RNAI based cl eavage. As such the present invention
further 0 includes RNAI agents that target within the
sequence targeted by o e of the agents of the present
inve tion As used herein a gecond RNAi agent is said
to target within the sequence of a first RNAI agent if
the second RNAI agent cleaves the nessage anywhere
within the niRNA that i conplenentary to the ti epse
strand of the first RNAI agent. Such tx second agent

o o o o s R o oy A - .
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bases into he ol o c leoti e chain, covaient
attachnment to a |igand or chemcal noiety, and
wo epragesent of intemncl eoti ck phosphat e Li nkaP&BUBRIDTI068889
alternate |inkages such as t aphasphates. Mdire than o
e such nodification maybe enployed. Ce ic | linking
of the o separate dsRNA strands may be achi eved by any

of av r'et mell-kno techn ues, for. example b
WS R GO B e e G T B S RaLd berfortnce of
a spBYifit BRIFORKG a'nﬂt7? 5 R ORSinth@RcdRbto¥¥1dl s or stacking
i nteractions; by neans of raetai-ion coordination, or
t hrloaghird, sweof theyrweseat inatdpnesodaesemalgal cultire sgHemi cal
oups h car? used to odif the dsRNA incl ude, w thout
COMP"eai i ors, nethyl ene bl ue; bifunctiona) groups.
geney al |aypH'd)It(ﬁn&r8a&&k)1ﬁdJet hyl )arnme; N-acetyl-N4p-gly
axyl hen?x>yl )cyst & ne; 4~thi uraeif; and psorale In o
éhboduthe prbstapfelly pHR é\dluge 06 she-see gl aspest QF thednvangipeer
}ts s%d oot at‘ﬂﬁo ﬁl%%c@ﬁ €is %5?9&{1%8‘9&1 Qé(alles &Elcu(iie ng%gﬁn which
synthesrs and t I ene col " T1 nker
algdeneow pad ptedideraec God usegmttms aﬁ@t@’d@frtﬁe [meh\miﬁ ahe t}gm of
W lianms, DX an HaH, Bj.ochem 1996)
PhO@A?GB“Sact%FG? 6y useéiarwwmga‘?utélﬁb@alﬂtﬁim Opepﬁécesvayfe E@ &aﬂow
r GPm? o
A e AR R SO
largler rkestructed aaadxbdpeln vantiothic welttreas ciredatd bme pﬂkﬂ.(ﬂd:-&dﬂbéld e

ST L ORD TR oo PO PR sy e Bh{uPsRreptfgbes or
conean%s Rfwitibe trdRMyeii$ nﬂfé&lﬁfyaéﬂh)ér 5 QMF dr By bhﬁwlﬁige(Leeh%

bonds. Tables 1 tm 2 provides exa es of kx1if

Chapaint 5208n RaCh@ionﬁHQ%nT/r@dl@l %)) tublelar ﬁmmeneactors (for example,
nbodi b f..th
sce TTRBRAE Thasah Wi B 1 OO Bl o8 Qlnaity 1 it ppt & .

1988 RicHRGhadedl] msa)cdnu\ﬂa& bRS-§he pRbtbblosdac@RY; ¥ildSas thékeh
as, for exanp without limtation, certain

desw@riéra%@som?é@r#ﬂdqm EL985prRams dsi @ity a@lﬁ@%éi%&ﬁa{ Trggici et al.
t t

(1998 IpE iy G GO 193D, HPLERWEI! de BIELGR G

protided dys@inis @fi sarid@is-darigng vatigacanredistd, dai d:xal’@,le 2n micthedg o
nodi fications nodj fi cat | 2' -al k sugar

nutrighd rﬁfmwi (d&ﬁelbeéﬁeﬁ&f)@éegﬁ%e%f% %Uan%de$ the itt‘feaﬂgn
mai 'ﬂ{ecdl§{5’ﬂgéq§eg*/é%ﬁttheoﬁ§es A a c‘l&e{i/@ﬁ&t@&%réﬁ@%‘r fis @Atk hgrﬁg)ath ”
and phsphram date (see . gner

whigh aifGClSlﬁLs&)nablﬁalga,l cancdnaratsd:n @hetoﬁymhqmtraﬁﬁybncgfr m;bbloﬁlass

proéﬂcﬁhf lagzﬁtlé{)lgsleqrg,bogiwgﬂi; Wht é)a Cc?%sgﬁ@?to }oae?ﬁgor can be

betv% e%ch;ppﬁ)txﬂl@c@@tS RNBmReA éﬂﬁceﬁtlﬁﬁte@ BefwecBd00 tifl RS and
| ocked nucl eotide. Sue!) |ocked nucl’eoti de contai ns

30 wetlnnyteem betwrein §@ niihimieters ané 29 serttmeet@‘s, andypgbrecofl eenpimsist and
15 cteHe Eﬁ( a b 3 ntl p(%%ﬁeraclj) eyog r%éve%}le 2 8 ér‘%‘ gutl(a(ﬁjg B?(n%lonll’]ett%ls n Il"ﬂg most
optlﬁtal hgﬂfqiaﬂﬁfd)e die@ren(appR&SBibn vwaHk deﬁeﬁﬂ?ataéé?s@hl Iﬁthah lf@tor&ncludlng
al.. Tetrahedron LvU. 199S), 3 ; 5401 - 5404)
the mwfwonl:&etl sBRnBo be sropRend/on sncsiia desirediprgdagt/s to be produced.
ol 'Ig%r}gﬁljﬂ? s&;egtethe s%%{tqﬁveﬂtl\éﬁ %Jﬂi&' I‘Il%thé(%rf r lipid isolation,
conpl enent a hces 4 I ncreases t Pt % e

WaSWMrUBmecﬂlytldiﬁ mstal gagl &gne&i%m@Bm&ﬁsdhom&s@rodthon,, comprising

Car ey, e Bi oi.. (2001 }, Conj ugating |igand
cultyring ﬁ@ﬁ%&or?é{ﬁ Serf él%eeeﬁetng mc,vevﬁlqn avrhe%%ljﬁ 6%16}%}}%1’ Vppme
as targeting io particular tissue or uptake by
specific types of cells such as. liver cell in certain
i nstances, a hydrophobic ligand is conjugated to the
dsRNA to facilitate direct perneation of the cellular
menbr ane and or uptake across the Hver cells.
Alternatively, the ligand conjugated to the sRNA i a
substrate for receptor-nedi ated epdacytosis. These
approaches have been used to faC|I|tate eeI'

. oM~ o o o S . o o ] o



10

15

20

25

30

ot her nmeans for such synthesis known i the art may

additionally or alternatively be enployed. Ii is also
whp@m3£ed use simlar techni ques to prepare ot PEF/US2007/068889

ol i gonucl eoti des such the pbosphor ot hi oat es and

al kyl ated derivatives. Teachi ngs regardi ng the

synthesis of particular nndified oligonucleotides may

be. found in the fO||OMAn atents Pat..
comprifeseOns A5 mprg nYlgic pek segysngh S@%%‘Lﬁ?‘é‘rwe EORP GeRT e wor SEQ
ID th 19?11191:11@@9 'bﬁ}?%EdJﬂﬁN(f’Q"(rbcE—ﬁ 3312y ?%@%ﬂﬁ NO:9 (A S9-€502-

preparati on of i gonucleotid aving chira
739|®f HHS ) SEQ IBNO:4 ﬁlIﬁ@e@%tl]l 3% of I'Fax SKQSID §O37@1'S$25327 bp), and

SEQUI NN RDELG L e pr S ACBEEs TSI T BRS st o
pro@élici dll @d pRIlifganss |aﬁ@'isioﬂﬁ1$1g aipetist fé&o&[@ﬁﬁﬂéﬂt@ﬂoﬁlﬂﬁis@‘fater or

t hrough reductive coupling; U S. Pat. . 5,457,191,
wast gnAndorPBHRetingchlgn dlonesba ke meody C?thﬁt ¢saried out alone, or

carrf' dgoﬁlgéfiﬁg{j %ﬁ) @%@ N B@@%@g&é@gﬁt %%%\%ﬁqggorﬁggo& R&%’n n are
carrivdedue OﬁwemGHMQODmdMaﬁ bsuiigild kipie (ﬂypbt includirfy, bat not Nenited
5,521,302. drawn.to éiesses for r

to, lé‘i’lﬁfg‘?}h%fcfﬁtébﬁ?lé%@%?ﬂt% perphgyll, fﬁfa@ﬁ‘wé? &gc) Sitkdyedtamins A
and le,%r Eg&rocz!ﬁlgons',s 3r %@naﬁcﬁl h@re@?@ﬁéﬁj@s thé‘i: ﬁl‘d‘lf ﬁ‘lcd, \gﬁther

U'S. Pat. No. , 746, drawn to ol eot |
em‘tfmdizrhﬁg thd/actands bamhhmmﬂ;turlhlg Bie (E’idbrellN(sp & tha fhrc9OR invention

undef Ggis8r B elr POALET s ‘ORBIIPE can@oTel gty toat dry lgal
cell%&élﬁoi%' Wigsuh@MbABmah the A 1§i@RTent s at%asf:ml%rmmms%,
be used as [inkers to other noieties attached

44‘Var=ﬂ>5%f46% 4&%, a8%p, 69%pﬁﬁs%1$18h,352&ﬁ 5t3f3(e Sitbie I5é%5 pdmorewﬁhe dry
1 and %.,599

alga& F?lbgﬁt%@ &S “&%‘gﬁﬁg\% ﬁ“a 8%%%‘8?18‘9 Sot\g? ol HEghey th aleal

culttitcQific€ Boicahtraaigl dnd dridn SthcRagacNBom thdfdkl ,Asjdh&yugsdd(hbove the

Inetgrocesses for the preparation of 2 -(>--a

(
Pdsedkarrstaspestaf the @uRsonTas bejuprd tedr:lﬁgt f2r al@ﬁl igotaic Higt
pro cR%o G ]Eédléorétehjf “at Fe%gt 40“% ‘af ﬁfﬁ aﬁb%ﬁ%\?el taThgs tkll:s)se of skill
0 |gonuc ot avig substit purine
in tiNoart wilbBTald fh usdrsavinnaé-al G)llga@fm lipicEied lnd@s ukiagiang lipid extraction
3-de&xapur.i S, and | KS. L
techpiguedngpyg ip %&CF?‘G@? gl net l%utpg ipathg methagis éﬁ%ﬁw below.
Llpfak' qg(ﬁ%ﬂ de, t‘fl&smétjhébca{:) 5 us%@?or a: %gﬁjogfl anlédﬁﬂg But not 11rn1ted to
89, drawn to one- nodi f i e i gonucfeotid
bloianlajro@s:tlohl (Bcludatg tio soBlirdBRI @éblodlmel)Sdet&%IﬁSBmpdlwm and
bi inter aiia, methods of synthesizing 2!-flisorol
qﬂﬁ? ¥ieotides. In b iigand-co p g d dsRNA and
| apRdotiBl GRBULIRSRT th@gnmeeeﬁ?me fdnfdvengd huHs&fls from a
nucl eosi des of ihe invention e ol i gonucl eoti des and
wassisirgamn damsistigssuliutieg thetglgad stoin in bpleltummeéym passprreng at
leaslfl?‘;élcl a?s%%grgg’r% XN &L@I}dﬁeu ?&ngﬁttlolngev&hh%%?bngg}lltrgeo %SC %ﬁhe a/a§tgstream arc
rempy &Ly e r(Ehldirlaﬂ& 1§l|df@lw3bfe§EQﬁanéﬂi’t%nu nk lfm@dmnﬁb&uﬁdn@aﬂfé
udeoi i de or nuel eoski e-eor precursors

cultics pehiymis ORIl o Ghie S0, GO0, 5070 FO TR sl et cor 100%
d I

s RGNS Ry LRSS, MBI 51 AMEER A0

frorﬁ ylretthew;atﬁf rdsinlﬁng egnence-lsptchbdlow; mdxnmkmd:ommﬁm lael set

S. t. |caII d.the h | ecul e is_the
for llrnélave RIS fﬁfkf]#g %}reweltt ?%9% gy (BPA)® One

| i gand-corrjugsted oligonucl eotide. Aigonucleotide

conj ugates bearing a variety of nolecules such as
steroids, Vitamns, lipids g d reporter nolecul es,

previ ously been described (See Mapoharan t ai, PCT
Application W) 93/07883). In preferred enbodi nent ihe

ol i gonucl eoti des or |inked nucleosides o the invention
are sy t e i by an automated synt hesi zer using
phosphofalnldltes derlved fron1llg&nd rncle03|de

. N a . o . 1" .
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Exanpl es of nodified internuejeoside |inkages or
backbones that do not include a phosphorus atora
wWo b@ras4204 . e., ol i gonuci eosi des) have backboneBCT/H81007/068889
are farmed by short chain al kyl or eyel al kyl
I ntersugar |inkages piixed hetcroato pi and al ky! or
cyel oal kyl rs gar Hakages, or osie or nore short chain
qeteroalorr5| or heterocyclic |nter§?9ar Iinkages.
non-BFRIHEE CRHBPITAE SYHOEB TN AT THh g BBV BRINATHY Fofiaigdens or
hun(fe@s H?ﬁiulhgraﬁﬁr r fifeP OF hitroBerS 0@ raROThd SRo@Hts & nitrate can be
ntici eosi si | oxaa backbones sul fide, sulfoxide
remapetl to HefqynéO broktsanes L fvathmn ac@omevafabldét}t& ql@@ﬁmimaoettyllal
ene

nitrgla SR B o SR R i n o T HPL et be

purifidg P@Z nesethbfedf thy kRBElidn ddpehd® o ihBlahydrecehivds agmiifents
backbones; sul fonate and sul f onam de backbones; am de

to bp seRoEHead thtndzoR bOL bRy spieBcissy. [ mgrfaseHhe

gro& %?&EIS&;& tgeaslﬁaﬁ]léedar?g{ tg%g{]d}tgo:}]lhys ofhgﬁb%%hdite%naa %n@é‘%?&'ic?o or

milloddgor pel [&e ba eacnollehiede (SLb;tttas ameF&Min,i Mg) inGrddd. tSendtad the
Nos. 5 034 506: 5,166,.3 15 5 1 85 444; 5, 214,134;

algas to ggmpletely remoys niaie figmyiha exwmdwateng s, 564; 5, 405, 938;

S, %ﬁ%ngfggrs %oﬁl'-lél’rﬁﬁm% ?nboélrﬁgnq @?s?ewaﬁer%%le@ﬁ%m éoéc%ntrated

AmﬁtaBEQﬁ;dﬂthp&aﬁQIﬁ((EA(Fm) Sﬁclﬁdﬂ)dﬁﬁéfarrﬁs @\Zhl(ﬂl, ﬁ@}dpontaln hlgh

congirggotr e anBE BRI TRURBep b e GiesPsgopyrosen e

amrﬁ@ﬁls)"ahqﬂaosﬂtﬁt L)) ﬁuﬁdtéasamaﬂlgrtrhepal ﬁtg[octt%bs%@tot&e as
maybe nodi fied by a noii-Hgand @hf A nunber o
a$

phosidnatd)i jdi-sitength @A HDexaskanaécriver he ot gatbetineast growth medium”

onucl eoti d er .t nhanc e activ
for Qisl R bioP R o fl B el ot sFRRS T Thobolfiafitbwiah eseribed
abo®d. G 0sHIE koot tHies ARO vaRfcdaed hebe iditedflo Pedirfadt &Htard teuch
conjugations are available in the scientific

acc¢lpnatergpwiheandguelhferisios ofghwerel/arsiiatsp eaf thapesens érvgagen. As a

res PR ' s on g BOLEER b P Pl ok o Kkera
dayé Ihhpﬁhi&ﬂ@dm eifitiah coRicowatipns ME chesChuteiets.. Inlcehtrast tdHE, 4: 1

gro%nrdwa;ﬁg ﬁ%tEqI;ng%t g\(g glbemlggﬁ Iallreer?i(@tlgl_zes_ttg %éq%%%g%%ﬁéﬁggawﬁewater

in of eﬁ'@tpfeg. cé\@delmg?@c%mh?&ma a ?%sgl%t@l%@é}; to rneet the U.S. EPA
! L Aci

|ocho sterol (Oberhauser ds Res.
stan@@lids PLIERDEGS ¥ enﬂvndlarhanptvaistetwa@dwas agricaltgral rmho& \eaian1¢1atahay
con%bﬁig e%all%n%%?o | Sé‘ée{? sg%grgptg%%rgasféﬁll’igﬁrg@é g cht)erjj of
mtr@%?% i8 2rms D it E‘Mi(arﬁﬁloﬁia’ anBipB6PhAcE ThEYIBorelia sﬁ Df tRe
p

osphol i pid, e,g, - hexadecyl -rac- glycerol or
presjent @yﬁytoaman PN C these nutrients to below the U. S EPA’s standards within

one Rr ‘h(}' ’éf%‘ednt%%}’ | o frflncu'ag o0 I errétge}tbsort]ll_l- ese ggtgg%%cgo%‘g%afher
con&hioas. &t cak thé\hh&bgﬁﬁﬂoqﬁloﬁiﬁﬁ)roﬁg% is Qi AT Tromn ﬂl@r&t&b o ing

or 0 polyethyl ene glycol chain {Manohara ei

addiealoé 68¢ deasmilgldPighsy indexcs of phgsphates) todolange thﬁdatuaﬁtnacesary
Tetrahedron Lett, 1995,
tor%%@%%@fﬁ%b,a mty Q%%?% eﬁ%‘t%lshra et aL, Biochirrs.
B|dphysﬂm#&ﬂwduﬁﬂanofﬂﬁéﬂﬁﬁﬂmmp@nthan&dmademyknﬁhknﬁvm@
y#aninocarbou | - oxvchol est er oj 'etg%écrooke et
nutréqnt O apKAN GRS ompHSNg tétﬁmg 1@9%}1 the present
Representative United Slates patents that teach t he
preparation o f h oligonucl eotide 25 conjugates have
he alisted above. Typi cal ?njugation protocol s
i nvol ve (he synthesis o f oli gonucl eoti des bearing
pn' nol nker at one or nore positions o f the se nc .
H e amno g x>op is the reached with the nol ecul e
bei ng conjugated u i g appropriate coupling or
actlvatlng reagens. The conjugatlon reactlon nay he

Y .
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RNA nol ecul es from a reconbi nant AAV vector

conprising, for e ale either the 1J6 or H RNA
w@e@mnsess, or the cytonegal ovirus (CW) pr onoPET/USA07/068889

sui tabl e AV vector for expressing the dsRNA of the

i nvention nmethod for constructing the reconbi nant AV

vector, and a nmethod for delivering the vector into

target cells, are descri.bed in X a

inveghiet iigp Gylih mediim GeTpRIsipE Basteghy YR % %“9%%‘?&?@5( Bytrients
in tIRRARS 8dsNGe FdiWa Rifof crhitRlihBrenhd 8% el B0 ¥i8E a carbon
constructing the recombi nant AV v ctor and net hods tor
sourge (inveeiormgf chrbon dipxidet or €Qr)fer algel thwtaynthdesand wede nwirient
rern%vq._l P@‘Hg :g(gl s‘glsaneatéltbeﬁh@%?o%%ﬁx}oruésﬁ\ﬁr{cg}:di%ggla\it é}ggﬁr%?t_eég tolg%sil
fuelﬁﬂfrﬁﬂng@lébve lehtsar hroﬁ%h'l-@l% %hotoéyn%d‘tféhnﬁﬁme@ﬁ 2R BBRBsIIa sp. of
5 252 4 S. Pat. No. 5J 39,941 :
the preseayt e BeraselPdten®2 Msheanzart itdAloNsZanpMagIMotTgls (il as
tl
carﬂeoﬁ&%a{eeid]ll S@{’,‘ an u? o(:t‘ém%)'%?va?xl—:d 1?]1%& 851}] IXrosea rﬁ\éghlg gléc&%cr%aeﬂ’ CG(S e%termg
intorteé eulamne eysterrn Afstlokdd aHBhﬁtr)srfgmeu&d arl cho@ommismtd g blornass and
conprising dsRNA I n o enbodi nent e I nvent]on
thusptﬁe\gﬁ%@?a o dhaphodehiorsasipis istenifirenty rdmped ind Qu@ilast a
5099§ﬁg9§ﬁ{|bed herein, d a pharmaceutically acceptable
carrier. The pharnaceutlcs' co ositio conprising the
ds Rhane sebuodinfeat, flue @atdsng delicsdaste amhodjbécneaimr as disclosed

as 00|at d wth the n or act of . t he.
2bo it Myples e RETSgRE RS gioubibbeindphenbiomeror e
ﬂov@ﬁat@ﬁi‘élt @‘H?QISQIYH o . §Q%Hr /F ﬂﬁg ﬁ&’%%t&%&' QuItB BRIty
sucxh erllﬁldr a. Such arnaceut i cal
mm@@hﬁ@rqusmhgtoay@ $tsr @t 515zéd)nb)vlgb_edsxgﬁmghelnnnurgfnegatlve effects

due G lwiEint eul% o1 R Bt TP SN S enin G ifos

sucPBatheaeeHt héal meRIBO il mfiscl $f tht fRe igay mhal; Be Blctided with
adm ni stered irs dosages sufticient to inhibit

compxgspebaT trp Watﬂrfétlp@ll@ga@é% gomigased pEgate mayyargedragn 0.1~0.6
f
ol {0 DB SR8 B TR S AT .
In atfert&drﬁﬂhoﬂtrﬁmﬁch laquid-or(pab-serogber sy aemdesageaatroducdd m@duce or
aof 5 nig dsRNA p 52 kllﬁgran1 ody wei ght of reC|p|ent

eliminafg C?@aernam:v@w ftom fRiggrPhee aag af%@%at&@pq dQ¥f aﬂma?unds

in tﬁehaﬁ aﬁgﬁk&% R4, fﬂaayfuﬂﬁegﬂefe%a %ﬁfb%@m%@)ﬁ% IRk @Rge%'cbﬂnﬁg)out
tie In genera It dose 0

frorb dlel m)de gemeatatgemy b0 p@ttreasedwih mdtd)m-gbmtﬂnn@ eherkichlo gucms

NaGf i oo Ervobitaie R el e POSPuPDBEG e grind Yo
con®indiAKto uEBRIl BNAITRE itk oA koGesPRS hlghlog}o%i/ 8 example, a
adm ni stered on.ee daily, or the dsRN Ay

compeRTiinlls preibiletanssciuhbaean be lrrmm@rete@ ntﬂ@ﬁesohatobloreactor system

r|at v Is thr hou ven, usi n
o RIS e SRR B L R I s B s
but fselog a&eteﬂcﬂo ﬂ)’mﬂéa’ﬂWa@tﬂw&ter ﬁm&hrﬁa«%iﬁan ztﬂaero@sc%hlgem@ﬂ pedcegtor
i n each h-dose be correspondingly snmaller morder to
natl%lfﬂféO@StW@dt"éftﬂ@P étarqngpva@wgefg th frﬁ@ga@@sra@téert 2)chilptamagewater
100/0{% Wﬁ%ﬁﬂg@g 1‘#(?4)1] Nffade QJX é’tﬁﬁ@ ?ﬂj@c}ﬁ% ntfat®ng of
a con ent ona sustalne eas or mil ati on
potemﬂmabﬂoxmrdompdesd§ Apadai creetrzhm&itleaﬁe(soclf ad e splsdrdiss andéor tiace
several day period. Sustained release fornulations r
-well known i the art. The skilled artisan wll
appreciate thai certain lactors ay influence the
dosage and ti m ng required to effectively treat a
subj ect including but not kp]ted o the severity of
the di sea.se or disorder, previous treatnents, the
general health and/or age of the subject, and other
di seases present. Moreover, treatnment of a subject
with a therapeutically effective amount of \
>7conp03|t|on ca include SI al treatnent or a serles

o " g, . p— o, I e o o
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commercially available cation ic |ipids such as DDAB

or DOTAP each o f which ca be xed with a neutral |ipid
W@ eeh/1a4284 DOPE or chol esterol, fa sone cases, PCPUSHOBB63889

such as those described by Tenpteton. et at Nature

Bi ot echnol ogy, 15: 647-652 (1997)) c be used. | other

enbodi ments, polycatiorss such as poiyethyl enei m ne

et e e S Y eyt v v, and, € %a%u@em removal
andb? WomasdPRidut@ral i nformation regarding the s o
| i posones to deliver nucleic acids can h (bund U S.

Patln aNorth@ c2wod st oS foulthiaseect onthe\Mvea1icQ 96Ahagls dor

rri.sse D. et.al. 2005. Na Bi oi.e ol ... 23(8),;
pm%&b‘g BAOMELS TG By 1%81 T e %8“%@%%@%?”&%&8 ‘%bh%presem
invah@ibh @hy hhedtRIhOS bioatlsy Edrigon st thel dultired a@gae sihe

use of viral vectors. For exanple, viral vecto

biomessgan inghisisolutriusotdmaitalip payds Pioteine tqt%ir@}dsc(éwhb@é fatgy acids),
tota nﬁ?lgsac hand% Eaplé/op‘g%rgf:e Lﬁ§ aéelgct%da ﬁ&% € lg}oglp c§£§ﬁﬁ%{) gé%tgm,
zeaxXunehin, ranﬁmsﬁx&ht]ﬁmt (isefill %Maﬁiptb\[ belBdestotkor aq@coltire tfbe!

maxsy different viral vecto revi ously devel gped io0
addyg ) P& Porﬁb@rﬂé@@ thereef- 118 oper 0(%1#}?@% a malifage MRPIERaRce

t
O e R A L
accmnmla‘mug hughwehleloompomudst(eudhmsrfaﬂtﬁacedk carotenoids) at later stages. In a

har eutlc .acce bl e carrjer, or,.diluent
furtR e g b e TR 5{5%%& SRR Bhotdtiieadiol s Bhd
feedsfbcﬁ%leélﬂd@é%l P%ﬁbm@mﬁ a Yurtler frdPiad @S &4l Ile)(ldues of algal
accepta e sol vent suspendi ng a ent, or a Yy her
masg hﬁtﬁm@@pw ofalga) fattyescidsvweitl bl use E’eh@mmab@gd ptarlgralylc fertilizer
ca ers, can, be. ui,d and e
add B oI Bty RRbSST AR Rk g PlorBRe f a b I RT A Faste-
strefiitRgtnfent By BIp@Vitelenst @bwh Mg tHdehbtobtbridetdss dERABEGIRNEYs used
and ot her pertinent transport and chem cal properties.

as anypinedifeqdhiddiviis oueingtiral povice ephigbtvalueparqtenoads, Methags for
algak%fo\?@%s {odﬁma{ng ot@ﬁtenge 18\?5116%]611 MR in the art. See, for

nesol ut1 on |ng ag

exapley Hiungl @])Dﬂ))@hajﬁeﬁé tpp 83-93rieRygmagnd A. (ed.) Handbook of

nlethylceIJU|o actaose and other_ars

MicGqga iy, TSkt ok i T iprgtSRe SR ORe H: - (2008
Cha@%e?rlﬁh/lrt%syﬁ& '('%ergﬂlﬁagﬁw‘e%s §43§'721 IH'Rl@lﬁl%Iﬁlt@) Si)

I Si ntegrates . u starch glycol ate
HanwoweoﬁMrngoadg@’r@zdtu(re Eﬂaqu&dﬂoﬁmca hud, }Qxfsnall ®X¥2 6FLI bK; Hu, Q.

et of G P Hr Rkl B SO B ot o (IO Ak hlorss

mardfHTBARRim. %5%%”111@& ety 12¢04y-v@RtERd Q. Q% aPt([WS‘)V'W&’ Natl. Acad.

associ ated w th ot her nnlecules mol ecul ar Structures,

Sci. ASA9Rt LA39- 1982 huldn.dd cotadi (A998 ) Fisrrwxhbwpls eiaria. In: Garab G.

(cd FRIRER IR SRR LR VET T SRR P EA G

Pubagtesns, $osmbhta$h@NBmeﬂarmngh0@@m zng(lag@)n Felierd. Bzotechnol 85:
statins PCSK9 The net ho ositions describ

23036eH. Qast ﬂe(lé’&%hEWth%éPl éﬁs@sb ; &lvel Qe al ﬂ%?ﬁéAppl

Mzc%b%l %?at?a%nHP%'&tse&szw%% r&%‘t"(‘i‘é 439 B@th&?gﬁ, tobiol. B:
Ssi on. é ‘tonp |ons escr | 8

Blolmgyamm&zamme{msgeobttab (199§atEuhy}pé’hytml e a-8anRichtoed, A. and

i (G Dkl P e et o) GRS [Bofsd FbRSD)

associated wth tiuese dlsorders such as heart and
circulatory diseases. e h s for inhibirin g expression
of the PCSK9 gene In yet other aspect, the invention
provides nethod for inhibiting the x r on of the
PCSK*) gene in a al. The nethod conprises
admi ni stering conposition of the invention o the mam
such a expression of the target P SK9 gene i sil enced.
Because of thelr hlgh speC|f|C|ty, the dsRNAs of t e

s - . R I A
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of f-target potential than rest of sequence ( oti-seed

cl eavage site region)2 } positions ICand 1 1 (counting
woR00703429) of a strand (cl eavage site regi on) PELUS2007/068889

contribute nore to off-target potential than non-seed

region 3 } positions i and 19 of each strand are not

relevant for off-target interactions 4) an off-target

. scor ars cal cul ated fo e h rand
oSt % DB 1, {01 (TR LRGP b PR BHL ARG, ane
Richm8&N R $15RQYENGS. Ahicdl ROFIS-1 9 QUM TRE DS (199k) BHST Env.

of predicted off-targets as well as highest off-target
Micgaloole 62rusx7 006 78:0si @emd Riflonomi, A ( 93¢ in: pdatbisth. £&4d.)6)

Pl it R B T IR B RhFe! SN

PubliShc?y, ThS NURREN SN beN HUAD . aRPR ichMdn@f A S(199HLL APl Phycol. 6:
activity by interna! nodifications introduced, only

No¥¥-target potential of anti e se strand will be
relgy - if | - t . )
o s ol et S i L b B P AFR 11d PRlcing
rendgdiaicrguibtdugainbyelavgil kalbes budrmethoBNA heetpiariie Sp. offle:
follow ng off-target properties for each 9ner i nput
Preseii¥FRONFER Be é‘ﬁ%‘gtﬁd’?%wi@ fofiee] fauch gs gmqsgl_a get/ogepdly o
remb @ Fitkidh€ ﬁrolﬂ?wggtév'vét ARNorSCRIEsas DU diﬁ%%ﬁﬁ?ﬁﬁﬁéé td N
non-seed regi on Nunber of msmatches in Seed region N
washsvasdr anil poretcplest flue giseawad)eorsictteherne gito mallib@dded compounds

of f-target. scorg, as. cal cul ated, for .consi der.i n
stord i HoBRS. To° Piofiionkin bt by e o etargirs feedstock for
pro®BBE bf Rfuid BeFudlian iRt GRE ShdehitXk, dnQkePls MiBAVREE oPblfnic
msmatches ! .2 nunber of non-seed m smat ches 1fhe ot
fertiigpre \rhamagdrfadyantegss of theacdgsntsaad mathads A theqressgpomelitrog over

to.the.input 19ni er sequence was defined as h ne
conygteneaCREared v pe R AR PR o AlrynS e
wask@Wiglor Yvastel @k, Gt al86 edcgclaBerd af e dfiendvabRMAGhaRfahd fine
-target score for each i NA Source of reagents \Were
chempralsg whergapbaciesipd systensstiip pifqpeeitiply splpgble pipwte gnsyoy
s B o B R Aol AR S B,
Bacsdrahskards dso woplly gateraa large arbecudsiudyecoltagyreqlirdproper
. synthesis Single-stranded RNAs were produced by solid
dispen 5%0%19%3 &spagur, f% @nétruqte%ﬁlaéldlﬁéfﬁtﬁ@wéﬁe igaeslntcd reagents
and%@o(%wft&gﬁ'bgeﬁf ink ORRInl £8 B OSRMGNinSter A HuBrient reirnoval and
Deut sdi | and i1 rnb-Bu Darnstadt, Germany) d controlled
biompasserefduagen. (FKoRG, th&aGAgy prodiigmnBidteh éwirceze@siaibd nidaindsls rod) the
Cerrpasy) as solid support. RNA and RNA containing - .
presSLE RGO e BBH fHeRHERER tanehtinh il ot P BirnProducing
up t8Y0%H 86 tifncS %r@féeﬁ&oél@%&%ﬁ%@&%ﬂ%d&r year. The reagents and
Ehosphor aroi diies am -0- nethyl phosphorarnidit.es,
methedspd ¢he pebant (rveotionyenBicaghbed i rantadriciurblenyironments, such as
. Germany) .., These buij | di bl ock e incorporated at .
erd R PP Ol TR R TS nlE G RIL B Rl win
not EGRp&e Ghid dilseigls 3@ shangant fonkaltedsiritaltphaspbor am dite
chem stry such described in Current protocols in
nucl eic acid chem stry, Beaucage, SJ.,, et a!'. CEdrs.k
EX%%\QSWI ey Sons, inc., New York, NY, USA
sphor ot hi oate |inkages re introduced by repl acenent
Matdrialhend MRith@lsoxi di zer solution with a solution of the
Beaucage r;agen}1 {Chr.uachern Ltd, dasgow, liK) in
TheQegaypp grd groweh sgndiiofS her ancillary e e t were
obt ai ned from Mal Hsi ckrodt Baker (Gieshcim GCernmany)
Deprotec po and purification of the catde oligorth
anuci eot i des by ani on exch e HPLC we e carried out
according to sta i hed procegdures. Yields and
concentration?; were determned by |iV absorption of a
solution of die respective RNA at a wavel ength of 260
m usi ng a spectral photoneter (DU 640B, Beeknan
Coul ter GvbH, nterschleiBhe , Germany). Double

o o o o,
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concentrated ursder vacuum water was added to the

resid d the product was extracted with ethyl acetate.
wab@7asa20e product was purified by conversi on PET/USI00%068889

hydrochloride salt. 3 (>-[17

1, 5- Di net hyl - bexy1) - 10J3- di net hyi - 2 >3L ", 0.1 1,

12 n, I4 15,16.1 7 tetrsdecahydro- ]

LSRR B Y AT 1
metﬁﬁioﬁta%talﬂé‘al ar@Sh&htafNed a2 05°AHABGNY rQ6i! REdiga (ﬁf’ﬂpka 0f979).

Lmro- ht sxanoyl } ~et hoxycar boti yi met hyl -asrino -
proplo ie acid e|hy| ester AC (4.7 , 14.8 srmol) was

0 ttayge W gdd ﬁ thaae The S spensi o was cool ed
Pieg fHRe 4ITgee SﬁgﬁSWS”Sn di i sopropyl st hyi am ne
(3. 83al cch p%pmahon a&snﬂwmnea@&e@d@igdu s iﬁﬁcrb atbtl ng

c

sol ution chol estery | otoi brrrsate {6.675

speqﬁmhytowe&ydwcfﬁé eaddd BR) @ﬁ@dtemréedsaswnp%léi@nsuy at 660 nm

Wa\% ‘{ﬁ or or ne Il’%l? %}g Af‘]gle alé rd?ﬁ}q?ﬁ]&ﬂ lb&;gﬁt?& Of%JI}I(lJ 10-20 ml

cultag tﬂrou@ﬂ e pper wdtghfad wasitipa GFi@ dltby The &ister with alpat egs daby at
(10 i 0. 3-<lJmethyl-2,3L Sf) JO, | L. ]

105 pve}%ht snda%wiedﬁo it foRAEE IR %QI%Q%Q% Rfad weighed.
phenaBt hrcii-?-y!loxycar bQwyl am "o| - hexaHay! | ~4-oxo-
ryrroHdi e-3-carboxylic acid ethyl ester AE AE

ChlPolphsl measarebentox. ide { . i g, > S nutrl) was slurried

n 30 raL tol uene, The m

o - eho e Pine] i diog Tretbod iy e AarelDsE, Al sensGgiration was
calosla@a/&lyslﬂgﬂleﬁtu %rcbé‘ﬁic’i/@dm n 20 rains. The tenperature

was kepi below S C durln% the addition. The stirring

was con ti n(ﬁleldmtpbls'lla(ﬁmg ms 1P (PPee-dddsd) WU of
t k d d
w5, PR e R T B LB o L

den§igsibisatid dt 750 ﬁmvwa@v gﬂﬁ&ft:el@taﬂ Vb G Wtk tHH31 (Fhl), Hd U =
diciiiorornethane ac nd the conbi ned organic exiraets

volyiae af lealBspenipeénlli t h 10 L of phosphate buffer each,
dri ed, and evaporated to dryness. The r d e was
dissolved in 60 nil, of toluene, cooled to ( C and
Lipibdrractiont With three 50 1YL portions of cold p 9.5
carbo a but|.er aqueous xtracts wer ¢ adj ust ed
q pﬁ GXtEastipn Bsoﬁﬁ‘g‘frF &vag gadi %C@ﬁtl}g&eﬂ%@oquﬁ ak (292).
f
Chlﬁr% C{H‘t\e/fgggo?%a?g d@ rn %QZS%%M gg{b 3{; a\%gfsé’g L%ma%g ma@ﬁ%ﬁfé& with
Tefh:)o soreghyap rmat ogis apthqptuswnﬂ Sidtteinbl¢cmeaniag 6 0MeR BN, tby Warrning
kej.oester (399 . .
to 4G e g et SRR S g s Pt a3 § 0 g or
ten ﬁmﬁﬁé‘s\/ -’Flle Fesﬁ@ﬁ@s Sﬂ)&n@eﬁﬁtdwals?eﬁoverd' toGh BN bar@XYAndl th¥ pellet
3- i O 1J2J3. . R 7- ietrad
wasaaﬁytiacaed Wwarmopee phlexapherbether{d el v3) yor WsmutcaFThe

EXtIﬁlC{lon %rogeéu]r% yas %:]epﬁ%l i(il ‘rsjledVdF 191{)68 El{%élz%elgé‘gfb}fgr%??@tso gff?];orophylls
rempific@ln thapdll&aDhutiyg chhef, anmfel e wlerdedre gdddd™to Medombined

tetrabydro&an O T L) tirring a continued at refl ux
SUPTBABRIS aYOLASEO fIPM. 3 rao OAfltlelr 1&%?‘1/&)9 Themixyip was hand-shaken and
B B L L
watst fivbaees m@tﬂamé nwmmﬂhrai aktaneeif dwﬂm dthettaexandi(1:1, v/v). The

sulfate and co. c trate der v to yield the
OrgHNGRIASES WRTCCBMRERSdpid the 5 VERSS Hy ﬁﬁtsﬁ%tvs@? spApieEly

10% MeOH/ CHC ) (89%.{6-

i 3-[ Bi s-{4-n>et hoxy~phenyl ) - phenyl - mre{ hoxynet hyl ] - 4- h>

dr oxy~pyrroHdi n-] ~yl | - ~6~ o0xp- hexyu-carb& ruc acid ? (

U5-di f net hyl- hexyl)~10. 13-dinethyl~ 2 A1Q) 1, 12L3

143 5,1 J 7-teiradecahydro I Hcyclo rema|a jphe

pant hren-3-yl ester AGAG D o! AF ( 1 25 g 1 994

m'io!) vvas dried by evaporating ith pyridine (2 x 5

thL) |X|fuch Anhydrous pyrldlne (FD |L) d 13 rnno!)

o o o oy
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Nucl ei ¢ acid sequences are represented bei ow using
standard nonencl ature, and specifically the

w@bdwrasi2at i ons of Table 1-2. Table 1-2: AbbrevPEl/Us2987/068889
of aucl eotide ino O used mnucleic acid sequence
representation. It will ? understood that these o o
ers e pr moligonucl eotide, are aiatuaHy |inked by

rempyy, URBTRS NG KO EPRTH 6 e Ri@'é‘a%ﬁ%ﬁ&?s@@l et was

conkhscovers BHgl iy Active S'Q" e ces HH G wefe
obi ained o JCRB CsH Ba {J p ese Collection f Research
Bi oresources) (Shinjuku, lapas, cat. No.; JCRB041B) C
Fat \Fzg e cultured Dul becco' s NVEM (Biochro AG Berlin,
@e‘fﬁ Lt No. P0435) suppkm ened to contain 10%|a
calHatt! %Eld@ werd arfaBiA28 B ﬁ@clﬁ«@;na Fdph (G ﬁﬂ&ﬂﬁnec@at
No. S% 15), Penlﬁzzl I Il(r% 100 ﬁ% pS?r(e@Eo cin 10
trangigethy latien pathrssharicagdin nwtha@lr(-@’élﬁlytle @993) e f%tzfzafsi)

metﬁ%%Kg%ﬁ) FWE& %{E}Eﬁr %I(PWA@ e@gﬁé écﬁlhal@,‘? @gﬁ% é‘H”lC Ald

analydéd o & HPL-68390ne bﬂﬁoﬁtatc(g‘ralﬂiyE(HeSJlétEW\(kﬁfd) efiippetr '®1th HP7673
Laborfga ory Pradu. I sel boi dqGer.many)

injepiop @ famgipnidaiian dariter i & %%{Wﬁwr otk ice imnrif e

I
190% t%? 23 >! ﬁ/gj H}ES b@é: F]}ﬁi)/ 'fg@ gzg ruSL Mg[hér_l%ra%%)as ﬂyecte(% ina
splifNtzss 121;&9611 afba}: Bitpiplce amhti@ettoemptratuncslOdfe fkeptadt 2sa‘1cf and

serum ( t;gi, (Biochrom AG Berlin, German cali
2704 epec anfl theoven derppsrptuss W%mrewmmpdyyéf@lr}ap i t0 220°C
ro |
1ncrga%1ﬂgcept lI @rtﬁ%un%eﬁg{gk 'rlt)gﬁﬁfggg%g & é}sgger ﬁ%ﬁ%&m& glrlrsa EQMES
were aientlﬁled bKe@BBB)son af their reﬂentlﬁo‘dmamvﬁh thosabétheBiudehtiom

G Il r man No. 1,-0473 at 37?: I n
sty S5 g T S G R R TBE e . ¥ Wt the
mtefﬁlﬁﬁ@g@dr& (&enpy.o Laborator y Products. Lsngense bokl

Germany). For transfeetiors with si RNA, HuH7, HepQ&,

or Hela cells were seeded at a density o f 2.0 KT

in 96-sydl plates i transfeeted directly.
C"IEFF’Z?{%?)A%‘VWO AFHILIRNA (30nM for singl e dose screen)
WaDLHAN Whslvasd wid dolcbp@hea in MKROAfinxia (108ete 183815030,

Kar | sruhe, Germany, cat. No. 11668- 019} a descri bed by

longityde Maril bbb 7R rfromzat shrblop wasievsteanane cpisistingrad Pigsgpiry stall

wastd eHgli ‘é@ﬁ %%?iﬁgé%@]ﬁgor ﬁ%s%&? cw {o%e&%&%hf ﬁoegewer

tharDihpdeaict &9 pﬁlnltsﬂalleng:ihe ehlof eUﬁAllowaizasMWat@oﬁﬂ) Owagpwater was
cordlngtotheg) ocol ., PCSK9 nRNA | evels were r [i
Store%m DDl QO aRIAS senled) i Cei ght i ndi vi dual
datw@pab Wi, ‘{‘t?fa%v ﬁ%%?gmwjﬁlgﬁ dy Ebﬁ)%nﬁ%ﬁ{aﬁ{eﬁ%n %égd
gene were used as control. The activity of a give
graiRCS sep ewl iﬁnd:otherRmﬁddIhUﬁbéxolmhsBémmlﬁsssfetde@epmbmerﬂle dairy

PCSK9 nRNA caonce uration iu.,tre cellsr lative
st AR R CEAOARE R YeOH T G Shee oG B 1 00 rom.
TheCPdHr %%wﬁﬁ%&’st@wét@f wachfo'IIE’étEél ¥k di &5%ﬁeﬁ‘ts The

hepat ocyt es cryo&r ese p'ed) were obtained fromln
was{dwate veschintsiddg i28%, wasteyat¢rEd |3 danyreastaviatsr| ta deionigghwater),

0 3 t red

507 8oy hiryBafhlo Ml Gh PRt 1 ifbwater o

deidniizedKydtél anfld QDB \oastevﬁ.@ér (Lh@ns&Chaswtt) ko sicBNArious
primaiy ey.nonol gys iBOikey ceils were seeded on

CXPEHNERE c@bat ed pl ates (Fisher Scientifi c cat. M.
CS-774-5) a a d sity of 3.5 ceHs/weH in 96-weH pl ates
and trasisleeted directly. Transfection o f si RNA
(eight 2-1bld dikuion seri ef starting (Vo 3OrM) in
duplicates ws carried o w h i i pof ectam ne 2000 (
vitvogc GhbH, Karismhe, Gepiiany, cat. No. 11668-019}
as described by the manufacturer. 6 hours afler
transf eottoD niediim was changed to fresh InV roCGRG
c? ed| vvkh Torpedo Antibiotic M x (In V|tro

— g, AT -~ N NN N\ .
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O of the fornulated si RNA is incubated wth the
RNA~bi ndi ng dye Ri bogreen (Ml ecul ar Probes) in the
w@e@sanees or ab e of fornulation disrupting suP€¢HUBZNT/(68889
0.5% Tr?ton-XI 00. The total siRNA u the formul ation
Is determned by die signal fromthe sanple containing
the surfac tat relative io standard curve. The
entrapped fraction is deternmi ned by subtracting the
fre si RNA content (as neasured by the signal mthe
ExjRPsrnef D¥signtr factant) fromthe total si RNA 5 content.
Percent entrapped siRNA is typically > B5% Bol es dosng
BolA d8&inmH gapdcity glase celuen (68 RINAsng witGH7/iB1o6 divinger of 2.3 cm)
| d,,. Charl es bor at
wit g B Gou b iFES) Paim GOt 4R iy B BHE G aefifion was
usc Bt IOS tHe ki afn{erwb af’[h%dtolunh{\WanV@f&l witen rebibet M@@h
agai nst PB /nii concentration allowing h 0

surr@emdedéwoeire ¥ ﬁgwg/ igeehojl o wvmt/cgn@ew@atweuagwg cRiugEs.

Unlﬁ%ﬂlo rw'?sle fage 48 Se}l wxblrefternfril Xe%gtg{rea Se@t 3 @&R Arﬁﬁﬁsrlrt?rto%llz? fimol m™
s @iﬁﬁéoﬁ\ﬂ)r&lsé@a%f €%:S@0Y w%f&e@gh@d/to%s@wmnmslt@[rohgﬁb@ the

bl ood was eoile ed by retro-orbital bleed ing a d the
expglime’f- w s harvested and frozen in |iquid nltrogers

Ser LV o L

we rf"é@g%ﬁe&lgéenﬁ% ii’o r%\ﬁlﬁ)ag% gﬁ ﬁfrgsgxéxgllre /hﬁf‘fgft%g)%g anthﬁlgéi % Igﬂcihove the
cult(usREXiiGianhd ires@pendaddhtoarnhpowdens oSit&ﬁl@&dﬁstﬂlSMter for

until analysis. POSK9 RNA | evel s were defected s

lnowﬂaéweh%hmatm%r&éffﬁ% S Byiripheier DGionizsdoprie WAt ﬁ‘dde@ Héﬂtho the
[ ) to the protoco

col gl g Bl AR WRBTGKIAL PERREEDE L0 600 ) of 0.

16 Fg)’rmntrleﬁt mnmvah@@)efﬁnéﬁm Hemt o&qultthd=RKPERJonTw ssstod catod] from

the g S dnd it 804 el T ERR BB i Bratfhores

poole)dﬁht% MANKIN G alRe AELM in b -30°COfrei¥Br R nﬁﬁrf%ﬁkada%@iss’ THE péiRts
in two vol unes of water) and incubated at "C

werevesuspeirted dmto Gantidls fh satar dorcdrp twaight peaswsmeitt h pr obe
sets specific to nouse PCSKi ) a d nouse GAFDH or
cycloph in B. Nucleic acid sequences |or Capture
HigfdaeBiediokidEreatupdid  Ext ender (LE) and bl ocking (BL)
probes were selected fromthe nucleic acid sequences
of Hoc€ikd, tragmpay crpeipadndp algal callspraig grovimia Biedlp esgwihpaedium

. i f S ra,
cit AN TR HRRTRE S R BB Sy B NG Pee:
Iuninescence was read on a V*ctor2-Light (Perkin.
r) . as Relative light units. The ratio of PCSK )
DNﬂmt%ﬂ@e\pmlﬁﬁam PBRRCIHCHCBERRNA in | i ver | ysat es
V\BSFIRY ?f(ﬁgﬁdof%‘éﬁ LulB@E Wk LEA IR Und e Rty & ?lﬁg)%{ €4 hdutes)

a con group treated wth PBS or a contr
andtt]u@dtoermbgmizhd arno pmwééran dduidi Az e hGoaic dgA Ivedsiegtracted and

urS el Rgnt Rb b CuIBRERACEL gne. T Fgrpalina
intefnal ﬁfﬁ]@Cﬁbé@QﬁE@I@TS)y(SEm O:hexadhe WRA)suBEHPSTthER ubRco

manufacturer's instructions. Measurenments were taken

(rbazh) ganMSﬁQ)}QNﬂLZDWM@IIWd tsethe moGwulir erarkape faciCih/@e He secies
PCSK ' f | '
iderfish PR Shioe’ Fefepadrant PRTIG S AL Mbderomesty

2008 Reiipl 8 MNAAsd D@rﬂMrpMMbr@(seéﬂf%lkg) ldRNO Basfnad vBludde of 25
| east 10 PGSK9 si RNAs showed nore than. 40% PCSK9 nmRNA
nl. BGR exclavion apphfetton af sharcawntld iwage aulpllorsat exlopt 4°C, 5
FBS, h e control group treated with an unrel ated si RNA
(bl ood coagul ation factor VI1) had no eii 'ect
(Figures 2-5) Silencing of EgSKQ transcript al so
eoorelated wwth ri g of cholesterol these ai a s
(Figures 4-5). In ddi io ihers? a a strong coorsl atson
be ee those nol ecul es that were active i vitro those
ctiv in vivo (Figure 6). Sequences containing
di fferent chenical nDdsfleallons ver e also screened n




10

15

20

USA 89:10892-10895; Hei al., 1993, 1. I nmmunol

150:4104-411 5; US. Patent No. 4 8 116; U.S. Patent
wWOR00743280, 286; PCX Application WO 89/ 071 36; RUIUS2007/068889

Application WD S9/0246S; PCT Application WO 89/05345;

and PCT Application WO 92/07573). Reconbi nant

retroviral vectors capable of transducing and

ming SHCHRT QAL o6 L a6 hoih D Sdoprchy 22 X0 min. PR
cycFe@"erQHé hid llﬂ@aﬁgﬁ%f FRUOv&H it 8o sPackagdbngseek 'rmh' 3"39%10165 of
such and Psi-CRIF (Cometie et aL 199

94 °Geide, 5I5n€r3ﬁ§y722.(51 100 3Qowral beyclt of 108410 Pm@&’CR\QItOIductS are

exaRERSE ot BNt 30 ) W Bk By oo R B e i Pk

TOP(D Sf%étﬁﬁ(lhﬂtr@gﬁg EPhirRide fRasgench. g@vere bx thadl Rdm tiekoghsitive
anzee) (Hsu e t alL, 1992, J Infectious

ClOIEiS s\éﬁlstbggql@é@e@ylck Rhngmad Yonipespekit (hevitiageami Bigerroneradf 13R
I t active ceils for infection. The

andhﬁﬂﬁ% 8%91§%§9ﬁ&ﬁ%hﬁﬁﬁ expression in either a DNA
pUlsn1d or V|raI vector o f the invention nay be a e
karyodc RNA poly ri hosor aal

Table én%%r@?l)s us 5@99 %@ éTgénﬁrbcéwr@éih cgrelﬁﬁ Shot er
or acti pronoteror =t snTRNA DI SenyTorgeneral |y
RNA po y%rase |11l pronoter {Seq Y %?B? NA or 7SK RNA
pronot gry or a prokaryotic pronDter, for exanple t he
T7 pronnter@frOV|ded t he expression pl&md also
encodes! SEHENA pol yrEFAST T el ed K C(PBRIPr i pti on
froma T? pronoter. NEwﬁ pronoter can al so direct
i ransgene expression to the pancreas (see, e.g. the
i nsul i Bpl@ul at ory ETERCTOGCEAMTACTS(SEBUEE NI) et al
1986, Proc. Natl Acad Sci. USA 83:25 11 2515}}. In
addi tion, expression of the transg erse can be
precis %ﬂ;regulated for exanple, by using ars
i nduci bl e regul atory sequence and expressi on systens
such aRHl(Feguhnor yAT6qUeCCA CANACASATSA CThA AGC

certain phyS|oIog|e ors, e.g., circulating

gl ucose | evel s, @%%Lﬁ%ﬁgfébocherty el L 1994, FASEB
J, 8 %QTQ@RG{ Ch CRIUIdE RAPARIGESA AT ANS HSED.
suitable for the control of transgen expression in
cells or in. mml| IhBQuH® regul ation by ecdysone by
est r ogemr~progesterone~tetracychiner~chentcalb-

i nducers of dinerizatiors. a d isopropyl-beta-D

1V@m§kgg@uéﬁagy%mh@mgggde (HPTG J). A person skilled in
he art would be able to choose die appropriate

r e dUNAtseqyangesowercetigaespuiih Cdustrd 3¢ lcﬁ?r anldeyerlﬁ@@maewllysxeith

ene Gener nb nant ¢t aor.
sealsh praoG Ik HRECERR oo TR bt EEPLPRMRR Y EFledien oo
1mp%§&1ﬁddhﬁ@/l@$@ The KAmRES Bhstanicter hdydgBkasaipdied to calculate the
Al ternativ , viral vectors can be used that provide
substisptiqn raiesforrreoRsipyedag ihephiloperpgis|tigas-nol ecul es. Such
vectors can be repeatedly d i is r d s necessary. Once
expressed, the dsRN Ls bind to rg t RNA and nodul ate
Resiiles hHachistusSiore&pr essi on, Delivery of d R A
expressing vectors cars be systemc such as by
Isolation anénmmhafogwdtdemnﬁmulag(flddmﬂm |sp.t r at ion, by
o | arge!l cell.s ex- d fr

oot It B BiF ¥t R PRMEQ e opaeh b of Tompe

(Arﬁbni))ﬁnﬁ a%[ah@[)laf@ e IsBRtedadR IR WaEr APl OBY Sthh@Rd hgﬁr‘i’)lanng
- desired target cell, dsRVA expression pl asnri ds

r typically trail steel ed i target cells s a conpl ex
with cationic |ipid carrlerf (eg, Gigof eetam ae }
or non-cationie i -based ca Q|ers (e.g. Transit- TKO
v:) , Miultiple lipid transiections for dsRNA-nedi at ed
knockdowns i argeiing different regions of a single
PCSK9 gene or nultiple PSK. 9 genes ov'r a period of a
week or nore are also contenplated by t he |nvent|on

~~ e, Y o o Y e
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maj or causes of regional and gl obal air and water
pol  uti on. Engi neered bacterial system nay be designed

wo bav/1sam br eakdown and renpove nutrients and oOPEIEIS2007/068889
contam nants fromwaste streans, but can not
effectively convert and recycle waste nutrients into
renewabl e bi omass. Many oil crops such as soy,

ra eeds, sunflower seeds, and pal m seeds are
Ind@&ﬁ’?ﬁ% St cql %%G%WS@QL?%?a%?%Eﬁ%é@@ItGSt Bhes %ssére&f BRpscopLgining
10 rﬁpBGaﬁlegHaftﬂ?hﬂédlﬂﬁf RItM Rt E€RheAR L 4SBT O by i BUHR I Yntensity
of the Tnvention In a first aspect, the present
of 20rdamélgropmewi des Gudtareatveuic SAnpned Wwaeldp for growth by microscopy

0Sj ti on erein the,isal ate
and SR RBh Ry  HRE Rl SRS iR LB Gond fBinp nd
rep I%@h&fo‘hggn eItk |’ﬂlﬁ1t gkEIUREPRS3 ééli‘tﬂ'ﬁ%(ﬁfm@ e Jie@ ﬁ‘ﬂ@eﬂ-our culture
| TS- 124 p]) ID NO 2 (rbcL- 1393
congjhoss (ot grIpG- slcgr ¢1unrr§°C sE@htmlmlw qfll?@,zmsnégn 187, and

sl LD g PR TR b W FRABHA S

pro@smeg hightfhigy poié sedttnti (mn/;elrsblla&@ tht puisdS tatad Bhstaaid doakdny of

,pure culture, conprisin rowt h medi unt _and (b)
40% ? PlEeEr) At A8 S%Wfdeqwfaﬂgﬁs Selﬁfsmtfh%r fHseacete fast COe t he

conbdh¥i&A dﬂus"Q Tadg'% ot tdrfB e ftu@S BREbr v s Wa@t%%{eré OIC ?th&@l strains
provi des an algal ‘culture system conprising: (a) a
derlpbd)from tbisealetton prands (May iddnafisdibsd @hioralld sp. pased upon
| ture of the second. as ct of the invention. In a
morp BOP I ALSHUESS, g BLREERE '8 VLT FEWSEY ovi des met hods
for lipid isolation, wastewater renedi ation, waste gas
remedi ati on, and/or biomass production, conprising
Eﬂ«cna bf GO: agna@n@ation ehigeorsth. andvitiemeisprodectidityor el | a sp.

0 i ses_one.or r ucl ei Ci se uenc
Sl BT HORTB P RS 5 B nareion e B G YRR has the
ablllf\%TosgrbaAﬁ a*lﬁ’% h COE@AdNMNRich (.EDEEY SOk Iﬁﬁﬂe? atSE@ol)vlﬁl rate
| TSI - 502-739 of ITY), SEQ I D NO 4 (1 TS2-899-
simig7o éhat pirE), CGEommoNDappliddte aiay clpyes &gl 1SEDis @ONGVGI is
equlé{e)l%g){'ttoﬂ%l%tg E QAI yo cﬁg‘;@rlﬁ 'Tﬁlgtggsets %ﬁ{lﬁe?({ fé%rﬂqgmsgg tfue ower plants.
Biomassestbdiidtioity o‘f\l&ﬁ:t(éhl@&ﬂa ISP meﬂiu&t grown aamﬁ%c(ropwmmm 50mg 1™
, praducti on. Descri &tlon , the Figures Figure 1.
d”, prgigg o %tfsheaﬂb Blrgheli Ban 40 A0 ' RbtawEd figmygultures grown at
1% zqﬁﬁg 2 sp. cultured in 300 mM capacity gl ass
ol'u (68 cmlong with an inner dianmeter of 2.3 cm.
Cultures were aerated with conpressed air containing

ei t 1% or 15% ures wer e 51C and |i ght
BNk 0R50: E4n e il igontoat gud Lo reection of
carpRp Fhonidees SRR cHt@tignOn LMk %Ji(?(fﬁpy a01d) content
(Culture conditions were the sane as described f
or lllplctﬁupéuc:@onl:wgiuksed Bereint famtant ofcfaratcoehlubii bridd eorttmttah g point in
. lipi d.co el,d (b
time: i PSR U B Br e e ot i
prodfct@ ptr @fit daiufey/voramt enadattor (IRMated s@fRvlaleadfer time (day) of
Chl orell a sp. gromn in 300 M capacity gl ass col ums

Chlpggasm Woeay Chiorellaasp. cwliees wrigripaiataingfl 1 the gasp calunps1C,
or BS99 ¢4 WP R ORI, e

lipigy c@lteht ofas @01 5oHi ek b dspweightQili. i38). dilgvdss tleololumetric production
bi oreactor (G owmh conditions were the sanme as in
Figure 4). Figure 6. Effect of dairy wastewater on
lipid content of Chlorella sp. grown in a glass colum
bi oreactor (G owmh conditions were the same as in
Figure 4). Figure 7. Effect,Pf dai ry wast ewater on
l'ipid productivity of ChiorEl | a Sp. grown in a glass
columm bioreactor (Gowth conditions were the sane as
in Figure 4). Figure 8. PCR products anplified from
Chlorella sp. A = DNA Ladder; B =1ITS; and C = rbcL.
Flgure 9 hblghbor JOInIng (hU) tree based on al i gned

R g, o o o o N Py — o e Y
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bel ow. The al gae of this first aspect of the invention

were derived by a selection process fromculture
wobdoditagds f rom a wat er environnment in the PhoePCRUS2007/068889

nmetropolitan area. Thus, the Chlorella sp. derived nay

be naturally occurring, but previously not isolated,

or may be derived by nutation caused by sel ective

pressure durjing.the selecti process. As used herejn,
of IpiEw enttORE 1797 M R tben Ghighelarse: Rillre Wik @rovided with
dﬂ&p@o&kﬁxkgqFﬁ¥§5ﬁcteristics recited. As used herein

the term "isol ated” neans that at |east 90% of the

al gae present in the conposition are of the recited

algal type;, in further enbodjnents, at |east. 95% 98%
17 FBwos R eren el o LR o B U S ar o o

t herieaChbRAqab dals theyRlity thehriveah atag@well Blofl VariosP sources,

conposition can be cultured or stored in solution,
suclh popErentonsginged giousdyatar. agaculyrariastt, audeananpldeeding

. of this fy - t v [ '

opeffigp oSl S RE il aitd i Qe Rabe cviprsy
sug@dstiaPttat the dalry asSiciatcdcenthidatd GuididaR hictdsesy 6br sustainigndlgal

selected fromthe group consisting of nitrogen, . )
growHicigHertegductionntiig; %éli&wrewm ,Or%cﬁp(mam?al%ﬁei in various
conHulalibis diRtat SHRIALGR (LA 0, BeaNtish] &Ra Ao RNARRSer). When

I ncluding, but not Timted to crude proteins, tota

Chibrepludp, cellomale potuistad charl DelBsiairavdsewatarldtle goivdb occurred for

el ected from the up,,consi sting of lutein
the 3@5%&%- hergg eragfhg%lm M- ﬁ,el?s(faf-‘s%g? glowing Fapidlx Apgd eeached a

maXiin¥BSdPCen Gty ARl Lut endepd Aodidaly 69 cul@Fation. When dairy
conbi nations thereof. As used herein, the phrase

wastcatsitdriwas dilotegriomn 19@°%rie 76 Hear thnetoClil o tled lag phse dditles Chlorella

capabl e of reproduction equate far use jn t .
so. PR b g s ko AR R B o el R Rl bt rosaligd n o
dech$e MIBESMBRIMAIN cell BErsRNITAGReved toatpatddlty BG | 8$edwh ndddum,

| arge quantities of nutrients" neans the follow ng:

: ; . : ) 1 ng
dairy gyasteinates gechcauas mingr &roy thapdushipa/ Amaps theipripendiluions, 50%
w0 SO AP e RS SRy e bagSld
conodntiatieds dithot lom&r belighelatans0% résugbd irerdva@lonriabnidseyicld

.assimlating large quantities of nutrients). In the
(Figzdbe OF CO renoval from power plant flue gas em ssions

of at least 2 grans of CO per liter of algal culture

per hour of cultivation time is regarded as a high
Effece npwastewaterecontsningtieh bvelipidrcontdne apd fipslgrodinitiont y t o

accymul ate | arge.quantities" i,omass neans .20 to
0o reogrrABPEAE B e SR Tea 0T oy MR 4B RS colular
lipid BYR&t! PR MER%E A5 BnRHPSLAREARAIddYin RUR G 6 BlokwHl i8:25%

conprising a growh nediumand the isolated Chlorella
wasgpvatest As Hes wistetatersypeentigfion msrdapadetnt5iOgmnandae 738eghe cellular

. .herein,, the term"qr ium'. refers to.an -
ini G it st Bhihafl Bk VR i G N pmsigigoiomass
produRviety,i 0% whkiewakgastadcdithehighyse Bilippsdueanit@imim dilution rate

~ photosynthetically on CO2 and sunlight, plus a mninmm
highgrbtigs 7o% RWAKEoHOWET E@rit-s25 TRV Vo thavethgirregiisdimdesbiar dinlipid

any, vol unme suitable for cultivation of the
ProG ggg%?%rfkny pur pose, whether for standard | aboratory
cultivation, to large scale cultivation for use in,
for _exanple, biorenmediation, |ipid production, and/or
Farg) ai camprasyod of (dereflp 8B suitabl e al gal growth nedi um
can be any such nedium including but not limted to
BG1 1 growmh nmedium (see, for exanple, Rippka, 1979);
culturing tenperatures of bgfween 10 and 38 C are
used; in other enbodi nents, tenperature ranges between
15 and 30 are used. Simlarly, light intensity between
20 mol m2s 1 to 1000 nmol m2 s 1 is used; in
vari ous enbodi nents, the range may be 100 mmol m2 s 1
to 500 mol m2 s 1 or 150 mol m2s 1 to 250 nmol m

~ — o, . - " - o ~ N7
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a specific bioreactor and 7) specific maintenance

protocols. In a third aspect, the present invention
w@e@vilsies4 an al gal culture system conpri sing: PCRUSHE07/068889

phot obi oreactor; and (b) the substantially pure

cul ture of t he second aspect of the invention. As used

herein, a "photobi oreactor™ is an i ndustrial -scal e

cul vesse| i.n which al QW an rolifer
For 4 Hioverine iyl cogipor g \?gfﬂrﬁgan?p &RV wgégolrl growth
med?Qt OP QfLEES B tﬁ@ﬁhaﬁ)@ fé{%)ecgs’lds' ORLINEHIGF Rt tRALodok BT iRdotal
to open raceways (i.e. shallow ponds (water |evel ca.
fattyl Bcidoin3be ce¢tl. hi gh) each covering an area of 1000 to
5000 n2 or larger, constructed as a |oop in which the
culture is circulated by a paddl e-wheel (R chnond,

198ﬁﬁﬂeZCF@%@QH§$ﬁHﬂ@BfChhﬂdhﬂ@OCQQQQh@@QBofﬁmﬁ&Qﬁmﬁkbr
transparent tubes or containers in which the culture

idenjtiicq klagy cpytent @her (FAaethdyrweiht) 5UBBYG ng (Lee 1986;
Chaunont 1993; Richnond 1990; Tredici 2004), tubul ar
phot obi oreactors (for exanple, see Tam ya et al
(1953), Prattyatidal . (1983), @mienaa@d Chaunont| 1983,
Chaunont et al. 1988; Richnmpnd et al. 1993)) and fl at
pl at e-t ype photobioreactors(%§HEﬁmb@“Vﬁé descri bed
in Sarrsonazfg}a_teduy_(—i'g%), RaTToS de Otega and Roux
(1986), Tredici et al. (199? 1997) and Hu et jal.
(1996, 19@8a,0b). In this thixd aspect, the present
I nventionprovides systens of various designs,| which
can be uséﬂ60for exanpl e, i #4Pet hods for nutrient
renmoval (g ?8(1”060 betowj—u |g|g the—Chtoretta—sp. of
the i nvention. The distance betmeen t he sides pf a
cl osed phgtiehi oreactor is the "light path," whjch
af fects sustainable algal concentration,
phot osynt [kéBi0c effici ency, drd bi omass productj vity.
In variou nmbodiments,—the izi ht—path—of—=a—ctpsed
phot obi orgactor can be bet weén approxi mately 5
mllinetecggand 40 centimet grs; between 100
mllinmeters and 30 centineters, between 50 mill]ineters
and 20 ceftlB@Bters, and betyween 1 centineter and 15
centi nmet etrﬁg,]}r;lw nost—prefetably between—2—centi neters

t

and 10 cepnt ers. The nost opti nal | i ght path for a
gi ven applcigahieon w Il depepd, at least in parft, on
factors ijpcluding the specitic algal strains to be

gr own andﬁéﬁospe0|f|c desired product/s to be
pr oduced. afoturth—aspect;,—thepresent—nvention
provi des ﬁgpﬁods for lipid {solation, wastewatler
remedi ati gpA Waakowdgst)r emediiat i on, and/or bionass
production, conprising culturing the Chlorellal sp. of
t he present |nvent|on wherein the Chlorella sp.

' | d
DN RS MR B TRSTEr e ng of SEQ D Mo 1
(1 TB124L28P 119 Yegnidnwhda 1@6({ frbﬁlLChléi%% Sp BEQSlm\IUDI) which

NO: 3 éITS 502 739 of 8 {1 152- 899-
congigy of ¢Hﬁ3)f18§EQNPD(1N6919(§E DB H@)ITSér{a %@@)l@EQ@a

NOgLh3 RS QR-25) GRFRIIERLD, P @P0-1 3 PHRE QIR Ng:4) and
5’ crahal 28SaDaN A (Dl 3|8i-];ﬁ49)3(SE(QHD‘NOIg3)1 Moridenicsl Iﬁrcdmstlde sequence was
ste gas, /or tracting al

fout B8 B AT gaig %aéhecﬁﬁl%@ Gt e &}?C@Plﬂgﬂn%mﬂon
(NC%? Eét%s?éﬂ' tTh:e ?Bﬁgge&‘ﬁm?él%ﬂsﬁ s of B2 efifor 0B Qlere 1nferred

ods for I solation a carried out, where t
lipidisolated can be a single |ipid type, |nclud|ng,
but not limted to, isolatlgf of fatty acids, pignments
(chl orophyl |, carotenoids, C. sterols, V|tan1ns A
and D, or hydrocarbons, or conblnation thereof (such
as total lipid). In a further enbodi nent, the mnethods
conprise culturing the Chlorella sp. of the present
|nvent|on under conditions suitable for productlon of

M | L 1 . o o, . AN N7 .1 I Y 1 I B 1
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result, anmmoni a and phosphate concentrati ons can be
renoved within one or several days, dependi ng on

WO pdovitad29concent rati ons of these nutrients. | NnPCDOB208T068889
to the groundwater situation, no chemcals are
required to be introduced into CAFO wastewater in
order to reduce or elimnate amoni a and phosphate

bas R e Pt Beat e Rei QR DRBLS B s it B Rigioe hloretla

sp. Whalocsmy uﬁ@ﬁfoﬁbﬁhylﬂét&rblé&é%ﬁﬂﬂl% JUPRLCHIb R 118 st-ARLIn He
several to tens of mlligrans per liter) of nitrogen

phylagefasicrtsecoChloird/fratpeisghel sistamensicws ah @7 pnesphdgaes. CBHd 5-2075

: orella sp. of the present invenijon ca
wit] ROl Einiie? Bisp @b, BASARBRR Fitet REE bR BNG AL maximun
identity Bf ITSAINBakday pli?rldg\éﬁetl&lﬂfﬂ et E18scPrellded dRbies is 71% and the
concentrations these nutrients and/ or weat her

maxdgHay iy of [TS2isde”t foe Chiqmllfgmw (Y95 spisaphaligment gt Figure
1) RGP ST U8 Bl sty 0 OB Bl Qi o
distinigaishatile at ths fRecassiagDNA régomve t hese nutrients from

t he vvaist evva}}e% I n anot her epbodi ment of this fourt

as R

ength g JaseEshprTRIET iGgerslie pp- éﬁtl%%fbﬁ’&ﬁEQ ID
NO‘Qﬁsefnﬁ tﬂ@%&u%ﬁb@é 'Tﬁséﬂ%;%ﬂr A YA § P8 ulr%% &l Nens I:96%)fdentlty

€ prese |nvent|on I N culture ne conpri si ng
withwastran gsmgnedrasl €hlarelivd prrenmigosah Efiglryg lamMosamUEatlom ddverred at
wast e re, renoved., | n one enbodi nent, flu as .
the PR ERE ofF oS aene i OBy TR r ST Rs gy b Tk frec
recdhs@¥dtEEon @I6(ﬁ@s% phi® 0B8R kroRNES Qﬁ%%ﬂh 'tﬁxaa@zld’)@ﬁ& €p. (SEQ
nutri ent renoval Fl ue gases may froma

ID Neindelocitad ltm@im@gometm@hlpmﬁatcmiet‘@hrhbsesumported by the

nin ower pl an h.the
Bogia{Firi R g 20 B R Baf AT s PR et IRaBERDTHORIEH b
seqilcbsSoffthX 1T g ish. TR ﬁfetrbbL rég'@rpcdhrt@aﬁb@to distinguish the
macr onol ecul e @((gSUCh as _carbohydrates, |ipids, and
Chigyieble sprafythe pispes invisntiosfrem) glose clatqdeas gnismiyp| ecul ar
CQ2 entering into the culture system discl osed above
is renoved and converted into al gal biomass, and thus
Referumcegas rel eased fromthe photobioreactor is
g S
Charlsléqﬂl gn%l H ant3|)§ g@%ﬁl@g p%lor%tﬁqs{lgoaég%lgg Sagrré)@lew of systems for
gﬁﬂdbé{%% RER. f‘A@EPﬁﬁQbPS eat@yy as disclosed above.
One net ho |nvo ection of the flue gas directly
Chauntomt DhelhgheatiohC mnda(&udm Caf 19887 Saalingaipe ttibndbr pliotdbioreactor for
sust ai n ter of fl f
Stinvieds i dnepaptr ey Sonyr el BTy ke fencep 195
Do ati QRN R1RHRALI, NerdlsNBY KaR@gRAbs We, Flokeat B, BHBstiacn D
to | owering culture pH by di ssol ved NOx and SOx and/ or

Eastsv adl igat Bivrechrp o Flssyics Acphhedssmh@ehb@v&onnet al
Cornweﬁu cbg%‘p@legggg dgtrl é‘mgﬁfmg I %n% 01? Z‘ls i W ﬁfa{efr ttZuakflt ? dfreatment

CRERISiEidnal NewatdrR, p*gaxzzmege from0.1-0.6 volune to
1 volune) and delivered into the photobioreactor

FerpgiydgagR-Gan Gerasheof-Gy fieean v, SFille NV ehpsni mdhM. @9998).
Mle oPbioiSs BBy i KB PRIt R MAFRalel culres:
gffsctplofislduativch mes uohd diaimereroind extarcinmadispotinBisrecih e Bioeng.,
S'ﬁ%?éﬂ %owth medium In a further preferred

R, flue gases com ng out fromthe power
generator nmay be pre-treated w th proton-absorbing
chem cals such as NaOH to mai ntain an essentially
neutral pH and turn potentig|ly harnful NOx and SOx
conpounds into useful sulf and nitrogen sources for
al gal growt h. For exanple, a commercially avail able
gas-scrubber can be incorporated into the
phot obi oreactor systemto provide algae with
pretreated que ‘gas. In case of Ilqwd wast es,

g . o, - L A\ a4
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Publ i shers, The Net herlands; and Hu, Q and R chnond,
A (1994) J. Appl. Phycol. 6 : 391-396. The present

WO pwensd2on addresses environnmental pol |l uti on cPEI/I81007/068889
whi | e produci ng renewabl e energy through novel alga
reagents and nethods. The Chlorella sp. of the present
i nvention can be used to produce biofuel (such as

i odi gs nd/ or_r utrients from
K G RS TR PG R A A TR
LipPotith hilerak@atIpRlaEbn ARHsiROVET thRl Fdtoalul @ pB&HES)in@ Phrensis.

convert  them’into val ue-added conpounds stored into
Apghitd miormgwnnEhtal Miowhgdogya0?: tIhéh158.used, for

GG B ep e R EhT LS oA LG B RGP g e s

progdadtion iherdséd pﬁcﬁéblo%aaofmzawre@w@meagﬁﬂ 3 14bhgs1.
reagent s and net hods of tgr esent invention over

Hu €580 Rishanand AadP24) (aptﬁagétg wmﬁﬁtum@nﬁﬁﬁp {spchrmgy galbana
%M\yn GRS nmtj?gfas chﬁrnB 0\3@0‘% NG Rlurd P‘A@x%%)ﬁecp colo
ut so recyc ornto F enewan
89h696hentcals mhereas bacterlal systens strip off
potentlally valuable nitrate and/ or ammpnia in

Hu Q- nfirdpae Db apd B&E]@H)HHI4 rQW?&aatqp&ﬁwg RECRHaU ?frffnaché reaﬁtors for
BIRARE gﬁétoa%% iUk &l oRRIURY AL 13haP BRLe %sma ion and
ge I C

arge unt's o require proper sposa
anpamewngSnaﬂhﬁai and constructed wetl and systens

Hu LV GRITOT B oV SarT & QHE6T o (81 RETbrd A RRERpolsbioreactor

ﬂm)alfo@rutuémo@rrafa§s RIEEHH 0B FHoRIMutdi®p ﬁpema/technology and
production side, the reagents and nethods of th

ﬁh@%@nmemmyéhﬂdéw are nore efficient than conventlona

Hu S BRACHORRT B ¢ APEA PR o B Ryl Tpiruina

prRAGSRIItAR ABERATS cofl deRMRidr ge@nhl dPHEBsIbEN3Z:AVEBL 073.
- 5£ plied in non-agricultural environnents, such as arid
u

Keigro Narlpasanli K@Wﬁ@lﬁﬂ‘é LdnMiaehing (423 Ldtyahighgall density
HI BRSSP o9 FPTRPSE o PR B

Em@ﬁﬂlBﬁmhhbﬁﬁnahﬂEﬁ@@cﬁﬁﬂdgyﬁ9 Ehﬁéézganlsn1and growt h
condi tions: Starting aI culture tai.ned fr

Hu £ ¥ pisZ- @Ad i Bﬂ%ﬁwﬁt 9%%9 FHpRAse t% 6€€$httletﬁn%tYe§"fﬁ-path
(@H&j cmrgt(@hﬂ ot@Butt?pﬁpgtté gf @ﬁr&lzﬂa %%y ?%dlﬁgbterla). European

R ppka, Ical density a
wmaeuneﬁbmuﬁog¢$@db5d€ﬂl populatlon density was

o (EEH il 55iselot ah isputed s UeRER P E o pipducts —
ihjo? 6 hdUR MRV cbi8 R It M hrd adr(fﬁ'pz\ﬁ'@l‘umgt szten@lsg aP %3272, In:
was determ ned by filtration from cuI ure

Rivhowgd 4. ge®) dangheak Whanierrnl gt/ ©liurg: tleptecmhvéogy lanérapplied

th,alg ried 0 rnlght and cooled to
%COlo%mﬁﬁgﬁﬁ%%rg lﬁlrlcee]?tﬁ %)9( gi @cator and wei ghed.
TwaGkKi OF aphy). | Kure@s NI efteMiyachi $1qQll 9XBIHTRRObT &ichit high-CO? stress
nmet hod was used (Azov (1982) The concentration was

oaleoaﬂgatcestrlbsmmvgbttmeem' ahotosygtorn éfahi phetosyst@hllb nrophﬂlgh -CO2°
ng/ L) = 13.9 (D665 - DCVSO) V/ U Where D066

%@raefm Sremhsaleds r@é@rge‘@&u@t lgemale maigy Eice ﬁa@iﬁrartt)o'gsqtn— Alga

?g%ﬂlg%gkc#ﬁgﬁ%tl%%zs ?itﬁt aqdotﬂprﬁ%zé&eﬂ‘?t%@éﬁﬁt % 8{8310(1) 34 P Eilology

4d8peéssildh (m ). Lipid extraction: The lipid

extraction procedure was nodified according to Bi gogno

et al. (2002). Chlorella cell biomass (100 ny

freeze-dried) was added to g small glass vial sealed

with Teflon screw cap and extracted wth nethanol

contai ning 10% DVSO, by warm ng to 400C for 1 hour

with magnetic stirring. The m xture was centrifuged at

3,500 rpmfor ten m nutes. The resulting supernatant

was renoved to another clean vi al and the peIIet was

- T Y 1 o o . o o
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The clear brown dairy wastewater was collected for

assi gned experinents. The wastewater was diluted to
wQakmaepewat er ( 1:3 dairy wastewater to dei oPCZEN2007/068889

water), 50% wastewater (1:1 wastewater to deionized

water), 75% wastewater (3 :1 wastewater to deioni zed

wat er), and 100% wast ewat er (undi | uted wastewater) to

Lodokn (1At RG] ASRapt (B oI GHG Vi oL ipspthotic
%1a%;%§ﬁlsﬁﬂ‘ e fRtue et tﬁeﬁds@bz@?@%h%mJ 1Iggrigor od pl aced

down the center of the colum to provide aeration was
Leeus&d, Dmgdy. ¥w [olmeCa. gad Chlez Y dp (0993) heesipolanthperfasnance of an a-

cover Wi t h r ubber . st opper  sur.rounded b

RSBy ef ihfoRig ot bR IR G dRErCsark ARP JHhyeol.

ampug col ums. Unl ess otherw se stated, a culture

tenperature of 250C, a light intensity of 170 mmol m 2
PirtsS.1., Laqd 80 ﬁMaI@@BEﬂRalﬂiﬂ oM. W.yBauaeHd. é/bmnideﬁhZimMgJ 4$283) A

th t th ..
R Tt do QT el Rbhe e cPiodHRy o Hgiben dioxide
sﬁ?ymt foetahidd € TREh UracanBiotehssISPEdes® i nto a
ma une of sterilized distilled water for

Ram@ﬁo é@l@tqge rendd3eux {.Cedl M tProgustion wfi Grlprdllg) higmpss, in different
i1yt h I to
S50 ASChOPLS IR B IR 0L K8 0L L,
Richtibhd ent. r@pog)al Laxperstatentnsicroh(atr c@l&ureulatndr @pplications. In:

susp I on s col |l ected fromthe col urm .daily and

Benpe/ Pﬁ & GO 3 r8giEsy Ry eplogigalReigrel Biopygss, London, 7: 1-62
Rlcﬁfﬁeg% t(?@ﬁ%‘@%%ngggclaﬁlgtfdr)tlnltélg%sﬁﬁ!h}ctl\sé%l?f %hﬁfég%tgf P@tﬁg nluE‘roalgae

wetdeorseplguspencia grinciptes di/.s4 pl) Iléld/cmbﬂeié%lf 286 dry wei ght

o RERHAETE bt PROEEE GBSO o g o
%h&tb%t@oﬁ}ﬁéjhﬁ&bﬁﬂghﬂﬁﬁlsb higd B‘McthErn?o*t AABi6REEhMbEN 63-65:

, or air enriched with 15% CO2 extractlon
aAPb8.i cati on, and sequenci ng: Flfty (50) m of cell

R, e A SR P KBS Pat Rfesco o
Rlab p&@ﬂﬁctloﬁﬁﬁ@ﬂbfoa@é@ou@%ﬁxwAﬁﬁleﬁh}%ﬁﬂ 5p87i- de with

Nucl eoSpin Pl ant kit (MACHEREY-NAGEL Inc.).
Rippkpdi.o %w@m L nWatgibyryt /Rndtardmen Mpadepicy |N’!é) (19 Generic

lsg%%%eékcﬁﬁ% }\l%&%l@sr 8 ldggﬁeg of {Jlﬁ eh:%ltﬁ% lﬂ%%gargorbgﬁtlgt)r% J Gen

MicroGidl an ek . speC| es identification. PCR reactions

cont ai ned 2.5n Green Master M x.(Pronega),
Sangenng U & ﬂ\?&% ul@S@ng%lﬁ scue%‘@éwlrafﬁg %?u?ogreen alga

3Pk k Hfa%bﬂm% ih MU BRotbiofeactls witktRyEXC| &S, JOC'h E

a‘p ation of the reglEO TS Were as 1yo | ows: e =8

6ycl05-bif2. 94OC 5m n, 35 cycl es of 94 0C 30s, 50 OC

30 2 0C 10 nin. PCR .
Singy Bl Corgfisi Bnd B f'af‘?ﬂl&%an%@?ﬁpgﬁx&wnéﬂgg S5 P fmaliclia
oSXELE CREmIARE. B a0l &52653%&8 of 94 0C 30s, 55 0OC
Os, 72 0C 1 mn 30s and 1 cycle of 72 0C 10 mi n. PCR

Tanpyo Hu k98 7aMasesdtirnethlgsr. ﬂ%%&g{ﬂm@@ﬂayswm 309-384. of

toreii P PaErg P RefeRB P Re f eVt R SPAl Ao -plane

futemr thetdastidiorefos | Qdsor Wulthre bfesﬁumu NIBiSMIGKI. Bioeng. 42:
Plasnmid Mniprep kit (lnvitrogen). The primers M3R
8RAHERE3F were used for sequencing. Table 1. Priners
used for anplification of ITS and rbcL from Chlorella
sp. Primers Sequence (5 "' -3 " ) ITS SL5CH(F)
CTTAGITGGTGGGTTGCC( SEQ | D 7) 15pl (R
TTCRCTCGCCGITACT (SEQ I D NO“ 8) rbcL RH (F)
ATGTCACCACAAACAGAAACTAAAGC (SEQ ID NO9) Cel 161R(R 2
CATGTGC AATACGTGAAT ACC 9SEQ I D NO 10)

Phyl ogenetic anal ysis nethods: DNA sequences were
allgned W|th G ust al Wl 83 and ver|f|ed rranually W|th

~ = . o o o R
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d 1, simlar to or slightly higher than 350 + 40 ng |

1 d 1 obtained fromcultures grown at 1% CO2 (Fig. 2).
wepdogas420f CU2 concentration on cellular |ipid PONUSIW7/068889

and | i pidproduction There was little effect of CO2

concentrations on cellular lipid (fatty aci d) content

or lipid producti on. As used herein, "content" refers

to. | ul Ii C ata oint in time; lipid

treéi §hcnd e Rod R sPGRReE i yorigH shippfr qunels: the
gfigl %Xb&‘le@l@@ Ut tH%f dbi b dift O8I G &R RE ok Nthé Gt BliIBvation of
volunme or reactor illumnated surface area per tine
plietpjutotroidht oriaborgasipms hdppIOftforaél4: 82631 cul t ures

el 5 RIS LB, LG gt avesor e

gvmiy forofBdodrBass @lul thladion bF plickogipaé @Rd Casothdichiad BloRkource
y wei 3a). Likew se, the vol urret ric

ﬁﬁ@ft’mét?&)dég 1I58p| d was about 150 + 12 ng | 1 d 1 when

h
TrofRl £l SR SRUMHIAS RE B ROV R %éaye%égonrg |19 ey §h.
RithgtoadtA) (ah)ij)mdMaB of pri@dalgali cultiie: Eia)ﬁecﬁhd)logﬁhrhcﬁa@ﬂled
to thrive in wastewater from vari ous

has IP@S’ abi|it
%aﬁl‘,‘f‘ielg§01ﬁﬂl‘%erlrténpxé‘brﬁt YK nat ed gr oundwat er,
Wa%%ﬂ)ec"ﬂ’l tJHEledJ lénl%ﬁ AéHEldH?[‘ B! (1f9999'mm§#?‘§%2%0mm of a

wast ewat er . Itironal nutrient” chem
addad tubaldr Iphombidrewcmr iscogoestingthetdganobabteridai Spyrulina platensis.

r co nutrients necessary for
g@f‘i\nﬂ ﬁb’eﬁggzai% h and reproduction. Fig. 4 shows
XilgraMm reah, Ghpomlkwers Pw-178i1008y. nadit Hcftf}arahaus?tablllt analysis of
concentrations of dairy wastevater (i.e€., 8/

TBoPOEZANISTO 0% vnéineowsst ewljure:\WildeetsCal @@ﬁﬁ@lcs@verﬂ@m agld growth
|nt 0% tewater, little
ﬁéwlﬂn g’cg ﬁF’ftﬂeozﬁ (ée”fgr’%?tf‘%?]i ays. Ther eaf t er ,

Chlorell a sp. ceIIs began growi ng rapidly and reached
a maxi mumcell density of 4.2+0.3 g | 1 after five
nore days of cultivation. Wien dairy wastewater was
diluted from100%to 75% or then to 50% the |ag phase
of the Chlorella sp. culture becanme shorter. However,
further dilution of wastewater to 25%resulted in a
decline in the maxi num cell density. However, conpared
to BG1 1 growth nedium dairy wastewater did cause

m nor growth reduction. Anong the various dilutions,
50% wastewater |led to the highest volunetric bionmass
productivity. The wastewater concentrations either

| oner or higher than 50%resulted in reduction in

bi omass yield (Fig. 5). Effect of wastewater
concentration on lipid content and |ipid production
The concentration of dairy wastewater affected not
only growth but also cellular lipid content. The

hi ghest |ipid content was neasured in cultures grown
in 25% wastewater. As the wastewater concentration

i ncreased to 50% and to 75% the cellular lipid
content decreased gradually (Fig. 6). Like the trend
observed in volunetric biomass productivity, 50%

wast ewat er sustai ned the highest oil productivity and
a dilution rate higher (e.g., 75% DWN or |ower (e.g.,
25% DWN than that resulted in decline in lipid
production (Fig. 7). Fatty acid conposition of
Chlorella sp. Table 2 shows the fatty acid conposition
of Chlorella sp. grown in BG1 1 gromh nedium C16
and C 8 are the major fatty acids consisting of nore
than 96% of the total fatty:fC|ds in the cell. Table
2. Fatty acid profile of chtorel I a sp. Cl16:2 and C18: 4
were tentatively identified; TFA content (% =
(TFA/cell dry weight) x 100% DNA marker sfor
identification of Chlorella sp. A 1249-bp I TS segnent
was anpllfled fron1ChIoreIIa sp. (SEQ ID NO 1) mhich

o s o, Y o A NN A P ] P~ T~
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58: 6: 605-616. Gtelson A, Hu Q and Ri chnond A (1996)
Photi c vol une i n phot obi oreactors supporting ultrahigh
w@opaliapon densities of the photoautotroph SpPeTUB2087/068889

pl atensis. Applied and Environnmental M crobiol ogy 62:

1570-1573. @Qudin C. and Chaunont D. (1991) Cel

fragility - the key problem of m croal gae nass

prqQduction in closed phot obi oreactors. Bioresource
Wefif’dwnm 38: 145-151. Hu Q and Richnond A (1994)

. OPtANMsBIaRQ EA1EPARY! RnfRitRNShdr¥inGhe IS REI FBbR1la sp. genome

galbana grown outdoors in a glass col um

mphistsobicar eawt oncleid eaidratiuaice Agpdtedttomithe gtooggossisting of SEQ

D %éﬁ SER B RSP & s dRR OISR D vEr gRBeyD

NO) 6t @atifietempP ficeedtl Croor gani sms out door s. Jour nal of
Fer ment ati on _and Bi ot echnol ogy 85: 230-236.

2. GurBeteelerg Chiateis EmeomEoRtion SBam |aTiran thamsplRisddhlorella

t.Q t mass
sp.%gﬁ#kQ% gﬁé%ﬁbggaggau tg%%ﬁépfgﬁgﬁggﬁﬁo ogy and
3. Bi cHRrgidiaed Uh@)l@ﬂa sth toPositibn &F clai@ut evteasin lthe idoldted Chiorella
Ri chnond A. 1996b) Phy S|olog|c? characteristics of
SP- GOPS SORB TSP AYFIsicagidanedaCart aFRIBNGH: cel |
4. dengitiifsed &Wrgﬁ& 519 oﬁggﬁﬁﬁrpgﬁ/clg’iﬁl 1 elﬁQlZeglsol'é'Eéd%hlorella
Kurano N., |wasaki wachi and yachi S.
sp. gelﬁﬁ&tc)oniplrnsesathe ghclelelalclddsneqmdmy oEHEQUDENOT5. a mar i ne

5. OF oA (PO RGOS S UM SE Ak LDl Hhe RUBKS chiorena

Sp. %énohl%%ﬁ@rm&hé%ucléé%ﬁ@%quéﬂléeQSEquNé 1.and Ri chrmond
8C) Conbined effects of light intensity,

6. gﬁﬁmpamha&hnm@@Dﬂmﬁeﬂﬂmmsmny on output rate of

Spl lina en anobacteria). European Journa
yooﬁ%gvﬂé elfggg%¥l Hu Q 2004. Industria

pr qeyct itheisofatddl CAORBRD. cRhfositE Df afilosesIIs a5 1aim 1-5.
products - major industrial species: Arthrospira
7. ( Sp‘m tleplraftups) SbleRs FRMPIPENE264- 272. I n: Richnond A
al gal culture: biotechnology
g applie ﬁgﬁ§§% §%§&9Blackmell Sci ence Ltd., Oxford,
UK (b) wash BuHstantlaII'jUpLQo culkut afiolabh 6and M yachi 's.
(1988) Effec xtrenmely high-CQ2 stress on en
8. di ¢t meﬂm 8h 1B1Qt1WZ@F?onRWPTé§}%% efuring ad- Hestie sys glﬁsem the
Chl{)}%l P "#e‘ﬂgmg égmﬁrlséscﬁn% o2 Mor9h &8¢ %&Q%e%lgﬂbé?géi’&@&f?ﬂ% the
e an e I ntolerant green Al St1 chococcus
grolaginisisang ef SBQUPAH0: 1oSERNDY WOM: HESQ H) I\Eh&l SR TN @1oFEQ ID

NOg, L SERTP S pheo HRISD o FEsrarle WBEBr b RILGER T HeRs wader
conHﬂtl‘éﬁQﬁﬁﬁﬁﬁ' f‘éﬁf)roht‘e@atfdﬁtdﬂtﬁe gh;%%jla spr,end %xtﬁg"!tdi’ffrl%1 lﬂﬁpifrom‘]che

6-189. Lee Y.K, A and ang Y
CW@&@@SP Desi gn and perfornanoe of an a- type tubular

h f f I
0. PPk SRR TSR il LIGLLAN, S S0
ChibkeBa SP. PiwlhbreM WAE Craleltl gp. and)‘ln%orﬁﬁﬂseB@ﬁb Br Mode nl(clegé&)id
A tubul ar bi or eact or for photos nt hetic production of

seqlaﬁné%f‘égctﬂ@ﬁmdb@ %@HP@P’@)%@@O § BhNER b 3 NRRCREQ ID

}«D% OUX ?QP@Ecgqgégfg |on o?q%ﬁfﬂﬁﬁﬁ?gﬁ%ﬁ%%ggg

wheirﬂn dhef cfueuueng i¢ dgpe sindér cfolndinoba; sriebktfor proliferatenpeithd é'hlorella
es. omass 10: . 141-156. .Ri chnond ﬁ 1990). .Lar o
SP- saélgl Viéhql%?l& REFUGRINNG & Gafiesd o dn %\ﬁ Piyre 2 copfising at Cast 5%
Round/ Chaprman (eds) Progress in Phycol ogi cal Research
Bi opress, London, 7 : 1-62 Richnond A (1992) Open
systens for nass productiogypf phot oaut ot r ophi c
m croal gae outdoors: physiotogical principles. J.
Appl . Phycol. 4 : 281-286 Ri chnond A. and Hu Q (1997)
Principles for utilization of Iight for mass
producti on of photoautotrophic m croorgani snms. Applied
Blochen1stry and Blotechnology 63 65 649 658

~ = 'YV [r—
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conprises one or nore nucleic acid sequence sel ected

fromthe group consisting of SEQ ID NO 1, SEQ ID NO 2,
WOEQ7hBRNO 3, SEQ ID NO 4, SEQ ID NO 5, and SEeZ1/DS2007/068889

NO 6, or conplenments thereof. 2. The isol ated

Chlorella sp. conposition of claim1, wherein the

isolated Chlorella sp. genone conprises the nucleic

aci d seguence NO.3. 3.. The isol ated
wasggiY el idgr g(ﬁldlfe%ﬁag%?hw%@%méb%wstexms]f #eAeppyed by the
chibPlL,aped Chlorella sp. genome conprises the nucleic
acid sequence of SEQ ID NO 4. 4. The isol ated
10. Chldretticd foprengompositti¢nss from wistd gasleonpresied eultuieg a

at ed 0 enone conpr.i ses the nu
clly e shsmecig el o T SRS 3 popali RickiC acia
seq@'ﬁb@geﬁ&dt@d ﬁ@m tﬁ@?ﬂ@@ﬁ icbhingfof SIE@ M XO: wr&H@[m Ndre, SEQ ID
i sol at ed | orel genone COTRFISGS the nucl el c

NO @SE@@N%@E& IIBRQ:5 HINGER 118 NOW6 serisomahmety {icisaf.e
Whe%ﬂl rc(:ﬁétu%ﬁgp 31 shle u%der c%}ldl%ogg 9 Magle%?b%ﬂerﬁ?oql c(fl%?le E‘tﬁﬁorella
Iéi el . any one of

e

sp., Cdnﬁl witker€th alhd’mﬂ.tuﬁng s caAhecﬁblgaﬂl a Cullliry Ihfbdﬁms t:@fﬁprlsmg waste gas,
npr.i si ng: phot.obi oreactor; and %
undgw@ﬁmﬁ thVbié arl@wem ip theavaste &Saﬁ‘r?ﬁeenovsd Aﬂ%r-‘e@{@ﬁﬁléaoﬂp
1 i C :
U oy S S B A ERTRIRl B 0T L AL RS procein
andfou bioenass aciporsatpLerm dmcmlltanetde@hlbn'eﬂmsp he group

12. ggn | St}}%gfgr prgg (?P®E)N6N8§él Cg]%gr ggécp IN@ %E&?{gre%)la sp., Whereln
the @@Wélwg%én@é'ﬁ%rlsem & Aot doitd éeﬁgeﬂo% SQIQE‘t%d from the

under conditions suitable for proliferation of
grogh¢asstinaospEQ IRMNOdx SEQCHD NE:2. |S@Q1IIH’ NEHS + $EeQ @EIN@ gl 8BQ ID

No SR anEsEQuP et Pk TRl bty Bfifings caried ou

und¥h@mngitiont Bgitabhd F pHdlideriiton SRR TR/FOMP]. 5B haRRs@ig 4TB4le
nucl ei c aci d sequence sel ected fromthe group

protesyrgiddaribimass comEppmiNG T thegpdur@ Napzz/laSEQ | D NO: 3,
SE d I

13. Corplechaidof s r Ul A%y ol ity P IPY gspomme

compmdesrthenndelblaomseqmmbabf SEQAD WOd.i feration of the
Chl grell a sp, d wherein the culturlnggis carried

4. qutThermethod ot dpeonga e (#ne origr VastsY the (rlogefa sp. genome
com? t m@‘ﬁ@&l@lrc’acf&rkg en%QBF*S%QqﬁSN 2reby nutrients in

St ewat er ar renmoved by the Chlorella sp. 10. A
15. mretHednétbod oanmywine®f nlaims &ﬂstwhemm tha s reg/ssp. genome
S|n cul turin rella sp., wherein the
Cm%@ﬁ%gé} gﬁacﬁ%ﬁ@ﬁ%C%B p*QQEENéﬁg or nore nucleic
16. ac'ﬂle%ﬁ@tﬁ&[‘&ﬁa n%‘“otf%ﬁurﬁﬁ gt Qﬁer@fnotﬁé’ CORRel Sy, Rendthe
SEQIDNO 1, SEQID NGO 2, SEQ ID NO 3, SEQ I'D'NQ 4,
COMBESEY the Na@Isic aaldcﬁemw Df&EQGD NO:lconpl enent s t her eof
wherein the culturing is done under conditions
suitable for proliferation of the Chlorella sp., and
wherein the culturing is carried out in a culture
medi um conpri sing waste gas, under conditions whereby
nutrients in the waste gas are renoved by the
Chlorella sp. 11. The nethod of any one of clains
8-10, further conprising harvesting algal protein
and/ or bi omass conponents fromthe cultured Chlorella
sp. 12. A nethod for producing biomass, conprising
culturing a Chlorella sp., wherein the Chlorella sp.
genone conprises one or nore nucleic acid sequence
selected fromthe group consisting of SEQ ID NO 1, SEQ
IDNG 2, SEQIDNO3, SEQIR NO4, SEQID NO 5, and
SEQ I D NO 6, or conpl enent hereof, wherein the
culturing is carried out under conditions suitable for
proliferation of the Chlorella sp., and harvesting
al gal protein and/or biomass conmponents fromthe
cultured ChIoreIIa sp. 13 The nethod of any one of
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