WD 2009/ 049284PCT/ US2008/ 079695 COWVPOSI TI ONS AND METHODS FOR | MPROVED
GLYCOPROTER Y 25doflsodsATI ON FI ELD OF THE | NVENTI ON [ 0001], -Efi‘?usﬁﬁ(ﬁﬁ;’%gs
invention generally relates to sialidases. In particular _
invention relates to conpositions and net hods for inproving the
sialylation of glycoproteins. BACKGROUND OF THE | NVENTI ON

[ 0002] G ycoproteins produced by mammalian cell cul ture using

reconbi nant DNA technol ogy represent an inportant category of

t herapeutic phar i gi cal
funct | ons of gl yﬁwgﬁggmﬂmmmmm r
car bohydrate structures din

gl ycoproteins, the termnal sialic acid is considered particularly
i nportant. Si alic acid has been found to influence the sol ubili ty,
t her mal EIELBOOF ITHE INVENSIGNCce to protease attack, antigenicity, and

specific ac y of r| ous r ot ei ns of siali C

ina gl ycop&@ﬁaﬁ %pf%gseﬂ‘?tr%@f‘ QQABeQﬁSBIysFWSe%FD%'@ sep. i pa'&'ﬁ

i ntracehé mv@hn@niebmﬂegmo ebmpbsitibss agd cheltyods fat vﬁpﬁraolﬁptfrﬁ@é@mroh\dft y

and the extracel lular renmoval of sialic acid by sialidase cl eavage.

[ 0003] VAKPPIEERSnal sialic acid is renoved from serum gl ycopr ot ei ns,

the desialylated proteins have significantly |lower circul atory

hal f-1i ves as corrpared to the sialylated counterparts. Renoval of
iali ) Nns correlates with decreased

0 ol oaical g ) St N A T T

nutri en@cmbmanprMeehnnbl@gpxﬁpcés@teul‘mb@ﬂtarﬁmat@ﬁrﬁbt erdpeaticel | ul ar

enviro nt su r ot i on d reases over tinme.
Fur t nertERBact figalsdetBian sl sieor dieluoRgind LoCHARO G yoBraIp s are
het er ogRAI HighlpAepéMeire ubsn ShanEdrbsinfirateaiteRtires befk e Mahedus0ghrd
t he production processes. Such changes are unacceptable in a

bi opr odedrd lﬁ@ﬂcqpcs@temetheateg‘émgb%&a@ arid drueansistered pprtistierly impetaseut i c
agent s.g;fiesaf ﬂé@bebﬁf R :u‘rlliﬂ{énﬁgltﬁe LM etr%Yr%%Pff‘ébhfy kéﬁlsceéﬁé‘éﬂt

desirable to maxim ze stalic aci cont ycoprotein
pr oductproteas#ettacQ %@g@‘ﬂeitu?em 9pR0oifi6 A0y IH verisus glycmmotﬁm i Trye amdunt

For o A AaP RS 2oV bt BI5E PRIRArAFE haoduRR BBt gl o e Rusr
si al y| atddition (ﬁm}iﬁlcacmym! amymm;fdrdsﬁmmv@ s ther @dsetlldar eimadboiusale] y

sialylate recgnbl n %gycoprot ei ns. SUVWARY OF THE | NVENTI ON
[ 0004] By PIRLORRS %%‘éa spects of the invention is the provision of

a cell Tinejgoggprisi nHERSEHIhEOSISNPEES & @hadved 3orh §8%in QI?@oprotems the
chronosonual |y integrated nucleic acid sequence encoding a

non- cytdgsiahdated psetginsdiaye siomlicaatly yvercirguleiiy éatidives as pempared to the

non- cyt S I

From { He aeR Ul Ral IR eRE fimcindt Gl abins RoTBlFE &l

| D NO: Zlecegasded hjolagichlemsivitypbod incBiged dentrn chlararceSEQiidrdly Aduring the
production of glycoproteins by cells in batch culfure, nutrient consumption and product

accumulation may alter the cellular environment such that protein glycosyiation
decreases over time. Furthermore, the resultant glycoproteins tend to have glycoform
heterogeneity and there is significant batch-to-batch variation in the production
processes. Such changes are unacceptable in a bioprocess used for the large-scale
production of protein therapeutic agents. Therefore, in mammalian cell culture systems
it is often desirable to maximize the final sialic acid content of a glycoprotein product to



[ 0005] Anot her aspect of the invention enconpasses a method for

produci ng @Ogh%%gﬁggtei n. The method conprises expressipg, 9253.4}559%50

aci d sequence encodi ng the glycoprotein in a cell conpris

di srupted expression of at |east one chronosonally integrated nucleic
aci d sequence encodi ng a non-cytoplasm c sialidase, wherein the

gl ycoprotein has increased sialylation relative to a suitable
control. The amino acid sequence of the non-cytoplasm c sialidase
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t a
oo AE o ST B b 3B B e B e o
[ 0007] Setdmbmaat fiecoperatd, of the invention enconpasses an isol ated
nucl eic acid encodi ng a pol ypepti de whose am no acid sequence

consists of SEQ ID NG 4. [0008] Anot her al ternate aspect of the

i nventi ' r Hi ed pol ypepti de whose the ami no acid
sequen SUNBIARY G ThE I 2. [0009] A further aspect of the

i nvent i on ef@dMpassesAmaongrtié ivedoysodspeefs ofdbe whvestorais the paavision of a cell
sequenge _C | St | D NO. 4. 2009/.049284PCT/ 1JS2008/,079695.

[ 0010] AP REPTELBR EoruRlEd SR ERh g olREt R ST B Tr e VB GO B or R e
nmor e bedcthsedRERERENCEiT @ aGArcEy) bl &3S al[d288 1 T &nding bickiaddoqpenté bethe

contai ns at .| east, one, phot ogr aph executed.in color. Copies of this
et Mo eS b SHISPoS MAREE P S OBl S HISHIRIES 5 SaPEeRiTDm 6 group

provi degnBitihder @ bt kRsHRBLLBY RNt So BEUTENNGR?, dRFp)aERESRANO eC-
80% identical to SEQ ID NO:4.

[0005] Another aspect of the invention encompasses a method for
producing a glycoprotein. The method comprises expressing a nucleic acid sequence
encoding the glycoprotein in a cell comprising disrupted expression of at least one
chromosomally integrated nucleic acid sequence encoding a non-cytoplasmic sialidase,
wherein the glycoprotein has increased sialylation relative to a suitable control. The
amino acid sequence of the non-cytoplasmic sialidase whose expression is disrupted in
the cell is selected from the group consisting of (a) at least about 95% identical to SEQ
ID NO:2, and (b) at least about 80% identical to SEQ ID NO:4.

[00086] A further aspect of the invention provides an isolated nucleic acid
encoding a polypeptide whose amino acid sequence consists of SEQ ID NO:2.

[0007] Still another aspect of the invention encompasses an isolated
nucleic acid encoding a polypeptide whose amino acid sequence consists of SEQ ID
NO:A4.

[0008] Another alternate aspect of the invention provides for a purified
polypeptide whose the amino acid sequence consists of SEQ |ID NO:2.

[0009] A further aspect of the invention encompasses a purified
polypeptide whose amino acid sequence consists of SEQ ID NO:4.,



DESCRI PTION OF THE FIGURES [0012]Figure 1 illustrates the sialidase
activity olobiRmsel ei ns encoded by the CHO Neul, Neu2, ‘1‘7’*’("%2&5%39(9’
genes. Presented is the enzyme activity in lysates of ce

transfected with expression constructs containing the coding region
of each gene, as indicated (or any enpty expression construct).
[0013]Figure 2 illustrates the inhibition of the sialidase activity
of proteins encoded by the CHO Neul, Neu2, and Neu3 genes. Presented
is the enzy tivity

concent r a1 G20t wo O REPEEE A A GrRE MR SREAREBbg i Bipre
cells thelowfected wit h expr ession constructs containing the codi ng
regi on of each gene. [0014] Figure 3 presents the subcellul ar

| ocations of the Neul, Neu2, and Neu3 proteins. Presented are

conf oceREFEHEN&:‘EO@OHDWBMi mages in which the FLAG tagged Neu
proteins ar @Q%/n in reen osonal gL%@ mar ker is shown in

red, and a E@ ] 5 ABPl CFSIW” witaing aklegwhong Pitagrapn RXesyier dur e
4 illu t f d
e Gk VAR S AR LS
are th@"‘p‘r’léﬂfﬂlbyg@@ﬁq&fup@@ renuemnﬁmymnhgf@emcemwee; primers
after knockdown of each gene with gene specific siRNAs (Si - Sb) or a
control siRNA targeting an unrelated GFP nucl eic acid sequence (O).
The exRESERUNION @FCIHIE FOEURES: (beta 2 m cr ogl ubul i n, pan) was not
affected by Si . [ 0Q16] Fi gur 1l ustrates noc
expr essi on J)(?(S]lez}\) Neu?t',g"%%a '@ﬁ'@?e SCE&F&'R%@?;“W prpéelgﬁgppoded by
i nterf eré OHENUI SNEBNA) aridqbI® @@e/s Preggfebies try éhzyWi@ act|V|t¥ in lysates of
2009/ 049284P %T/ USZOO&T 079695 t RT PCR results show n

rel ati w8 %YBF’ geteghvi e@&%ﬁ'%ﬁ%ﬂ i %tﬁﬁ’nglth@\lﬁﬁd'ﬁﬁé@ﬁ“f’ﬂ @f ?6@“ 8@ltth
Neu ge unrel ated nucleic acid
sequenc%g) |ﬁﬂlc§:%e6C(8F éﬁy E@P?l}?(gréé% E@ﬁt@?gs the sialidase activity in
CHO hl FNy cé0 153]| n whiFighireuliyssintessihgriekibition ofne sialisieise dictvinofsoteins
si RNAs I I
ani on SHERCRERY 85 GRC NeuPy G 378, Fak s el d ¥ S8R vy
Neu gemmsme@mﬂwbabsenbe &t pressiaawf tive dohee:straiotndaﬁ dawadtﬁeverttwdhdase
CHO hl E ells l.ac const ruct
cont r ol PG 7 4B ot GoL Faten as Sa per riar gl sERELN peir Soding
[ 0018] h‘-egune,féacﬁ bgﬁérat es stable knock down of (A) Neu 1, (B) NeuZ2,
and

[0014] Figure 3 presents the subcellular locations of the Neu1, Neu2, and
Neu3 proteins. Presented are confocal fluorescence microscopy images in which the
FLAG-tagged Neu proteins are shown in green, a lysosomal (Lys) marker is shown in
red, and a plasma membrane (PM) marker is shown in blue.

[0015] Figure 4 illustrates knock down of the expression of the Neu1,
Neu2, and Neu3 mRNAs using small interfering RNA (siRNA) technology. Presented
are the products amplified via RT-PCR using gene specific primers after knockdown of
each gene with gene specific siRNAs (§1 — S5) or a control siRNA targeting an
unrelated GFP nucleic acid sequence (C). The expression of a control gene (beta-2
microglubulin, B2M) was not affected by the siRNAs.

[0016] Figure 5 illustrates knock down expression of (A) Neu1, (B) Neu2,
and (C) Neu3 mRNA using small interfering RNA (siRNA) technology. Presented are



(C Neu3 nRNA expression using short hairpin RNA (shRNA) technol ogy.
Present ed RT PCR results showing the relativ L@p. of
each si al i‘gg?gwgg?\%i n the correspondi ng knocked down 8%2%5@2? | s
or control CHO hlFNy cells (non-target), which conprised a control

si RNA targeting an unrel ated nucl eic acid sequence.

[0019] Figure 8 illustrates the stable knock down of sialidase
activity in CHOhlFNy cells using shRNAs. Presented is the sialidase
acti vi tiyal I ' (e £t iali :
(reul, Re SRTFORLENFoving Botela BaplecRion di Bah Bobd SEEn EHER RNps
i N contspecifiCHD ¢adhNyele gene of acantrairgRNA, tangetiod ao ampslateddualeioatid ol
ShRNA t rgg%g&;ﬁg unrel ated nucleic acid sequence. * p < 0.005, ** p
< 0.000F3 [b020] Figure 9 illustrates that cell growth was not
af fected by [80®f]i daseFggne illgtresithe SRilRBes betvilySn CHO-HIFIWEBILih. €.
vi abl e cel | density%&\[/CD) and percent viabilit as a function of
days i MVRIGHh NeHOENEIRIGESIPR Was KROGKEd Cod Ysing @Q@Aﬂ Hrigseiefds ihe whi ch
each sigligaasacesfan OV hiFNe s A ‘ ol
(non-target) CHOﬂIqF celI'glﬁf%hsi@Wﬂﬁpﬁ%?@guggggﬁ@oﬂgﬁ%%msw

t ar get igReaNvaia sée donalt Neu geaes wese gilented) AlsogimrFisghe sialidase

Lt aot GREE TSROl oIRGB SHITB AN B
prNgt Iei miﬂﬁd&mﬂn@@g?ﬁ@ﬁfﬁmﬁ gsidi)sequglirm@(gﬁ??)gl si al infiase gene
o b Eny o lof o kieR TibSuEs ek herk Sous et (AD99 EABI Rl and
i 11 ust r@y peuBARNS edpretseh 196 kBt dawsinFalA rmm);tgeh@éwgﬁppfﬁs@hfe‘a

with increased_| epvel s of sialic acid. Plotted is t concentration of
sial i c Rihe ElnRFur% resiia shewig GarelatiynexmNpssion stiereusiaidaspoenprnghe
cells i ; i iedld

Gon 0TSSR KoS gt UEReN R o i CHONER) ol RAsHRS,

cont r ol WhiglRREMPEBEfbE canirelsiRINAdargietiag Ancinetlstedaiugleieagtid sealenddS, not

significant ;ndageC 0. Og,  ** < PT1.O) THE, .

| NVENTI ON [[%%1?21 Si al %{?é’é%gqglfsgrag%z@’%g '%EEO%??%%O{%{%%@CMW in

si al i ¢ GldOehlFNygicdlrusingshBNAsoRresaited isathe sidliesd bptivity.in CHO®ENY cells
hanst er._ovar, .. cell.s are kno o, cont ai cytoplasmc

oran ol BRRRRAIRING Seldet GansNBut nerAy e S Wassenct] aaisa shayn
char actiesioi@shd 48ivadit ¢drmaC HD-AIFNIRESIS (hon-Eigegelvhieh confriseda control

| ysosonal_ si al i dase and a pl asma nenbr ane- associ at ed si al i dase.

Accor diSniNf targtingrarsenielated BreipEAcHt BrAUGESe cEPI< PORES ™ dorPritiTng
di srupted exggggsi on Pf%;u‘i'é‘g iﬂd&raf@é’%&%bgmwﬁ %sﬁb?‘éﬁé’rﬂ%?ﬁb?g%‘ﬁﬁase

ei ther alone, 1n conbination wth eac , Or in co ation wth
t he cytIspesdenengi Rresgaias is T growtbr(i.¢ oviableseeligengityl 86Clipand derceot

o oo BB SORRRERURR Bl BEHER, U0 681 43 ORI EE LA Ay Bt
met hﬁdswhjcﬁh theh sinlidase ignmef(a}e?aﬂ NFFE,&S‘%LEE)&stmn@Fk@d dtfwﬂg entoited| dhorv-e
to those 0 n rent. cell.s having n si alidase actiyity.
() NoreeBhaaagiriy Bl s eSTensed eren tuseR b iera st g boppated
I nvent ing@lefngQaRBa§SETedn | sol ated nucleic acid sequence encoding a
pol ypepti de whose am no acid sequence consists of SEQID NO 2. In

general , th&G&d| at edFiguee AP dlustptesdbgirredaction efthumsisintesiesen gamwma

Sequenda ney "8 "sh SRV bv e RS oo S TRl P gh el PhE Bl ey

92, 93 pr@gin @dues] bPTH®BIFMOcellsrin hidteddbesislidaat geoe BREUT,INNR, br | n

ot her i t i sol ated nucl ei c i en may consi st
essent %@%%@8‘%@@ pr 90']%501{2%%%'@8@?@@5&??@%\5 C‘%ﬁer e may be
addi ti onal extraneous nucl eoti des sequences flanking the 5 end, 3
end, or both ends of the isolated nucleic acid sequence. The
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WO 2009/ 049284PCT/ US2008/ 079695 nmay be |inkers conprising restriction
endonucl eag GdsfayRge sites for cloning, linkers that qﬁﬁ'smlmwwam
conplenentary to prinmers for anplification and/ or other I'on
met hods, and the like. In still other enbodinents, the isolated
nucl ei ¢ acid sequence may consist of SEQ ID NO 1. [0025] Anot her
aspect of the invention provides an isolated nucleic acid sequence
encodi ng a polypeptlde whose am no aci d sequence consists of SEQ ID

ot 0o J0GE o " ERRBAGAE e Sl SORUERSEbin 2t e
nucl ei cglmnpdotemweﬁcmcmye@&mmomﬁs@m adgil, Pidged &Bthe%nc&ﬂr%t% Of&VaiHC
88, 89, 91, 92 98, 9 50 t

SE0 | b AT 1 Med Ferteron Sam TR MIERY) REULEe! by CHEHITY celfsuf Wt aRstt o
may corﬁamse@eﬁewaﬁi IN&2, DENeUB) Nes knotied diwaeocidtdl Uﬁjhtt%r%étﬁel’-l@-

may be additional ext raneous nucl eotides se uences flankin

end, 3'hlENY celly (%@mceﬁaﬁsqﬁapﬁ@twlm@{%tﬁr gaarcuelated pegleie@sid The
ext r aneQiige ALY e@g,l,ﬂf ighRR ﬁp@g& gyeers conpri sing
e e si fes for C i

restriction erdonucl ease cl eav loning, linkers that are
conplenmentary to prinmers for arrpllfl cation and/or other detection

nmet hod dinents, the isol ated

nucl e %mtrg‘—seqvm-—ma-y—cmgﬂtﬁf;%w éﬁ%égdﬁpﬂl(ﬂ”%# lﬂ-l D NO 3. [0026] A further
aspect of dt li@odAvent i Smlldammmymgmnﬂtlrén?degﬁé t;emp'tall é@ha\/ﬁaaeeadue
anm no aci uence nm t i a Yo i de to the am no
2c1 o s Qe ABEOHNEER AT hoRe Bick P RS AREISIRT Ve il 5P dEORAL
siali dmt@wémp@ﬁmm istalidade) Wérﬁweﬁtwsibmhetp?eséd’e%@muaﬁ ha% %olated
sequence of the purified pol ypeptide may be about 99

or 99. s heraGterzed o Fiditigriah slalidasesde G ealisd. esecli/mom@l 2lallda\se and
ot her q t

ol yperd Pag are Rordiel ARt B RS E BRI NF 5eSeh! [intion provides
enbodi reelitipes t:hrepeangﬁlsmeptedtaxareesm cfthernbvaoewlyseeniidind elitibse gemes,

Lo peifiet SRk MicoHhaERut Yacd St o in o PRl 47 BePBaii e

pol ypeptaldese sTheﬁn\@Int]em aido p'FbﬁGes etiiaiseforisroaloting gﬁ%fvodrcﬁélﬁseiﬁﬁﬂéreﬁﬁy
i nclude, . but are not

tibody t h
Fac | disaCelcopikiising diiptec Gyidian Sarasanh. Ih etk iorrons ag,
and t herbddiced Bytha rhethb8ebi metmbrﬂ'aﬁthavé hﬂ:réé@é&i%é&ﬁ:' atid eaMeRcRIANe the

purified pol ypeptide may consist of

2009/ oi@mm@m@mremgbg@ﬂ havivo: @rmaypiab@aswathéy pol ypept i de
encoded by SEQ ID NGO 2 (or a related polypeptide) is localized to the
| ysosomes of a eukaryotic cell. [0027] Still another aspect of the

i nvent i(BiNgn-cyiapdasmiqSialitiaeds pol ypepti de whose ami no acid sequence

may be at | about %.1 ti.cal to the m 9. acl d seguen SEQ
o NG - I Che. G AFPER YR peBrliB TR B OteBirRsSELHS iatel

acti vi trmelehmatwmq@efmecbmmr@ a pdil?p@;bﬂdeommedarﬁm@%&@a@fenbéeonsmts of
purifi 2, 83, 84, 85, 86, 87, 88,

d 1,
89, 90%%%&%53” Sgaeyabghe ee?at@d;nuelglc 59@8 seuenge in4t 1aasi:ahokt 88% t he
am no agdrdlicaPBuEseeDNOSEG 's@nﬁ@rﬂbodﬁeﬂ?é"%blé?@@ﬁ%l%’ﬁc‘fd sét%[%n%?‘n‘?%;c

aci d sequence of the purified E gy peptide may consi st essen
t

SEQ | Dbhe@beut B4, Qhe@esén%cﬁﬁ?rﬁ &aaéﬂe%eaﬂ 92, 8Xt34a 98098, 9¥m9|809%,cﬂrd

sequen o ; t 4t I boxy or
ot oo aHicabo SEIANIG:1. 1 G entRin G PR ap BT ARl 806
activi mquénammaplmon‘slsbehspotlalt}ecpftSE:@ (D NOxdt Iath&e@nbﬁmeatseﬂtaramm
am no cid e nces rra n ut are_not Iimtedt a body
o op 8 SRR e it sétlantbSattkng e & Sl S ol g

GST t agnda ofithé iseatecPmetigib acld deRuehte. aTha BkiateRBIRLISHBBES sédmar@es nO
aci d sequence of the purified pol ypeptide may consi st of SEQ I D NO 4.
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of at |east one chronosonally integrated nucleic acid sequence

encodi ng 5 | asm c sialidase, wherein the amn ' nce
of the si gviﬁb?gus%ﬁl&zgpsel ected fromthe group consisti ng%ﬁsgg&g'%&

| east about 95% identical to SEQID NO 2, and (b) at WO

2009/ 049284PCT/ US2008/ 079695 | east about 80% i dentical to SEQ ID

NGO 4. In sone enbodi nents, the non-cytoplasm c sialidase whose
expression is disrupted may be about 95, 96, 97, 98, 99, or 99, 5%

Siali aae SRATESs erefg foReelih Do RS ilvaok sRed Bl RR AR

SEQ | D thax &¢ dommerhantaheto gnrhedi forarnplifidatom and/oy bihgr astactions madthaebiss end

whose ression.l s, di sr .ed consist of SEQ ID NO 2. |In othe
enbodi HERIS. Iman St ST Eent te BPRISEn eis asidsBagass ara Snsit of
di sruptsEiQmBW®Obg. about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 34 95, 96, 97, 98, 99 or 99.5% identical to the am no
aci d sequend®¥ seq ApoNer aspes; chthednyeitieatsowdes an isafated pyeleic acid

non- cyt i i fhd i F i _ o
Cosent ISR EAES Enftidhd SAREPEPRICHRSE BR T Ay Sl SRR S0
non- cythpl4adnigensrall the dendatad owielclxanie sequanceds at erabalmiit 885 identidas to

f SE \fo : ' i RN
rave g graibios, in some ciERdisRn? MiFatel FLAEICR sbhfertRirhay bEgp8TYeo,
gxarrpl €8|\1|c’y Bgeaam, @5s86,870188; 8@, %msems,maes,o%a @7( D8£99, drebaif%dht 0

EQ | D.NO i srupt ed. ternpatively,. the expression of the
o L e 83p NG Ah e ditadiRn: e s s s aes Reokesch

may be rdécajysemeﬁﬁcbs_sémiag?fwsm f5 NO:9N$h theBE effiddirhéms, thede May e

di srupt ed_expressi on bot h non-cytopl asm c sialidases. That is, the

expr es AdsHionAl @Hanepys suREPtidsFeqygsees flanking e 2ead, endEgr beshhods)of

and th %fgd 6g ~at W=IN ?5’1?&? | o@iaal t | D
NO: 4) ﬁg@'i be o{mﬁaglrsr upfgég. ic Ogif‘]elsér)l(f’rjgi1 er ng'%dele@ 85%4@%’?%5 rﬁﬁgggel I
| i ne mdkengraomprisiwesirséon esdopiaeksef cleavalgesites foredidning, iinkemsahatdare

nucl ei ' ce. ' . CY; |.asm ial i he am.no .

ol d seqimenSaRNRIETAEIe AR iRt B aRE bR Bl BT Frethts BReds s
NG 5. lin stibothee ghibdidmearits, the heolstgt opklatracd seq@lérmbesrayborssistex SEES i on
i s disrupted may be about 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97,&8;; 99, or 99.5%identical to the amno acid sequence of SEQ

I D NO 5. I n[@ode)rt her Aqush 28pBES oftthe irshidh asdBripadsak iadasfieyhose
expression is disrupted may consi st essentially of SE'S% I'D NO5. In

yet and®ohdertasyirae aming Aeid spaveneesiey bsisdleasagbo e idgabicaldeith i s
e ! . oA | _ oo 55

The. corrnaKid AL, 8f SEEUD R Dvhers HHEbLIEBOR b b Tiog oidtifse
si al | deseymaddivity. ctsopieaembodisiaits, das emimpacie saquénse dfttbe Whified

2009/ 0 , 8/.07 5 j | | i.alid
o000 OrRibeptde MEvAR AR 88 o8 8, 58 08 b e S duan kAP R Be o0 BEESC
e B T e 316 A e O o

asna ne rane- asspcl at e Sl al l . . A
P T h e en B i indk Soniredsantally sk QO RISES Thisipsserabasignion.
I'n certyqérd rAsBE ekirShadustatiinotdeR] §&|uenbbdfariyg ﬂ%vé‘mﬂbft%#ﬁﬁih?ldend,

expressi on of both non-cytoplasm c sialidases and the cytoplasmc

si al | d&seboxyhigrmingl epdheordionh eads ahthefpurified polypsplidd, Whesgin dessbioldagical |
| at - ol - i Lali
(o2t el e PR ol kiR SRR ATRER” B SpRpAIALEdeghALERE
to SElebE}ueliceﬁ)m?y Incimjlje, bet ahlelsmlh fitndtdd tcﬁ,giah agﬁibbdy )@p?@pei %fg%ci]mas a FLAG
eukKarvyorti c S W e us LN racti C ofT,.
D vent s 3 ERF 18, e i, A A B UGSt oV Safling s T i

past or ispnisydirbants [y flmeescid S6QIEneeaF thd Pkl [giﬁ}dei)tidéhﬁdj/ @hsit8f el s
from Spodoptera frugi perda or S2 cells from Drosophil a el anogaster,
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intracel lular cell adhesion nolecule-1, and CHO hl FNy cells, which
produce h eron gamma. (b) disrupted expressi Tllqggg -
gener al , ;Jﬁg%“m%lj nes of the invention have reduced g% gb%]glyd}’%
expression. The expression nay be disrupted at several different
steps during gene expression. For exanple, the DNA sequence encodi ng
the sialidase polypeptide may be altered such that functional
messenger RNA (nRNA) (and, consequently, a functional polypeptide) is

hat "t RS N poiTad Y palypenitlhaERe B S o o £y AR R e,

ar e nmadelocglizedIdAhe Mysesbmesnd @ euk8n®Et Selhl | dase expressi on nmay be

expr oost on SPO01E ar el kARG Lot gt orHE PERUTER 8 ot Lo RaRlice,

cl eavagehade drhidotaridsdquchas sey I at |éla§teabmt 89%l iMentidaptdINAIandBS Bkidmay
prevent or di srygé transl ation of the target transcript into a

pr ot ei FEAHBHSEPH AEQIREN@ith deierRiR RS PerficdpelyPeRieh harslHasacazishe
i nt er f ejckipgy. AVAS %dldéﬁtéﬁﬁ@%ﬁhmo 8cidls A thé%érufeod p%%peptléig

doubl e- stranded RNA nol ecul e that ranges
nucl eotMmabe lahoute&fgt&i 82h&3, S4RRD, 387882890, 96,92,83, 8%-98),962 97298,

<1 a8 o520 2l AL Bt g, 7 REpusioeor SHEL A NRA HRSPSRT o 1y

f ur t herencmodimests, teearninotasid sequinee ff trenpledied\paiypeptide nayconsiat 3'

h ds. . Th ned | t
o1 ecutasonialy St B N FoTainess Sroocing il Bere By be st eouR AR ed
froma @ttpgéqmbé@ﬂgnﬂﬁg\tr(es&rm}te(mm@| ém:l @\e/)boxwtemw éi@Qﬁ'b@rﬂéﬁds of

the two strands of the si RNA may be conpletely conpl emsntary such
that ndh ?noﬁH%R%P@gpwt'dsuw@@'@m%@lo‘ioﬁ' @ctarmopéthefww@d PebORBYdE iSHwt

LWO SEeGIBRGESThdd? @&H&%Eo@é‘?%d@&& %ﬁqﬁﬂ%e%"r‘ﬁ’a hERRESH& ark RSt ﬁhﬁ%\lﬁtdmy

be substantially conplenmentary, suc or nor e m Snat
and/ or anArgbedyepitepd g, buch ﬁ%aMQieq amytitaged Geblis tagean Wh tag, a GST

2006/ 04e3is Py, Bk BB TBBouTE b dner B imeRt hetmlrtbadiEsgaence of e
phosphatueifigd pulypeptidd mai monsibiesf monmmﬂt sTyph}allpthdJme@j‘t[dtefEﬁCEded by
the 3 Srra 5 §ONe" S et ke Lsisd o Gratimamarasee sl fer

enbodi nRbSoaeeelr both of the 5 ends may |ack a hydroxyl group.
[ 0037] One strand of the si RNA, which is referred to as the "anti sense

strand” or "guide strand," includes a portion that hybridizes with
the targebelidnsCEbRioridiba Vi MIE%‘#}E e antisense strand
of the (sjlaRﬁlA may E (fm ] % ’?yﬁc’%ﬁp @ment vm§t hw; regi on of the

target trand@d28pt, i. éthhBt aspant pilihedavendion ipcotidesyetll linesris evhight the

15' ana AsSe% AIATbHG sBodkaR itBoBob B Ao BEML 38" >

nucl eotsedesndenenaeniijigha nandyioptasniic efatidads ig cﬁdmpltbdlﬁjcﬂﬂthwmeMIIHd@&asn

I th. | th mbodi t d
cubst aked o sESP SREHTRARY- (s Bl ee rragBRer FoBbrsaEredhor o

m smat @ipfesémftﬁrantéﬂcﬁﬁénﬂw cﬂ?ﬁrﬁésdrﬁalehﬁte@FH!é@?ﬁuél@Tcr&ﬁh gdeih%e
antisense strand and the target transcript. Typical are

t ar get SACPYNG@OMIRPIaTHGSRIEESSf t he target transcri pt’ Those of skill

.12 NSS! Bl IOt g 01 Mg B

exanpl ef asle'ahtaorm)e‘e‘on"a)senﬁuwmagm Midgic atidreegRosed elacddn@amat ics,

VD ThECBlaRe REJOR. lfsa e At SReRAATE AR bRloe sty

met hodsrowetHe Qﬁ'ﬂQM@Ohﬂsﬁd@@fﬁ(aﬁét Bkl dbduh 9b%Eidentical A SEQNEE NDe, Yandt(Bpat
si RNA may be chem cal ly synt hesized using ol igonucl eotide synt hesi s
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t he dupl ex portion of the structure may be substantially

conpl ement @h¥opoiidsies t hat one or nore m smatches and/ or SusBY%os
exist in the duplex portion of the shRNA. The | oop of the structure
may be from about 1 to about 20 nucleotides in length, preferably
from about 4 to about 10 about nucl eotides in length, and nore
preferably fromabout 6 to about 9 nucleotides in length. The | oop
may be located at either the 5° or 3' end of the region that is

conpl e Pt i i :
of The EniRRe Ut Bl oA RERR SERADANONE, Insorte embfnRAls, Y05, BRbblfhic
the 5' sidlidase aiwse Expraspionds disranted nzagberalyout ©5f 86,974 198,09 101t 20,530 ut

20 nucl. i LA h, and re preferab from.about . 2 .t 0, about
To mociBEHED phoy BIoR. Fholi GofiEifnanine At B0gs i g Rele Wose
corr_p(rji mposlmimfisrmmﬁ%t@g_rrﬁ@ ?@r@itﬁ%sgntianb?tfw]g@tﬂlﬁahmﬁ%& @ﬂﬂ-tr%bout 5 U
resl dues. SO e oal ne S, ne ' en (0] e . sn| A A ave a |
phospharBeBERL T nPECYRPBSRF Silleann WeRRSSHreTRign iralsruplpddrpsponsist
enbodi YR I A3 waﬂne%n{mirﬁaﬁyﬁhwnt@v@p@s&ﬂ%gﬁa%xke Wheye, while

it other enbodinents it may not. In general’, 's are processed
into siCRISSION isiisrepiRd sharcioe sbPutFthS 1RBRA 8384 h8hdiby 87168559, SARBINSD2,

. o nin b T b

o boeboors. 8, o7, SR, BRGaE idilbar b e SRR AR Baay e USRI o,

01;( _ It Pe_l‘#hﬂNAn(ain. aiternat?ena}qdﬁmm ishqormrt—tyioplgém})c{m‘aImﬁéw)hos@maegsfon is
21 { .

dot ai 1| brBBdfoy i P heuiy b h A IREE] L S uraRBodetmtonry

exanmpl eyicplddniSENGasdBhidse epressioNigidisflpted HAQ40hsiBt stSEQ 1DINGY.

enbodi msntsmh RNAI agent_rraa%/j be an RNAI expression vector.
Typical l y, i ex|y UG Berajigns.dhe aY impmay dave gisrupied sxerasgioarof

(in vi \HPllerﬁiﬁ%ﬁ@ﬁb&n@si:ﬁm&e@%%%mﬁﬁ?m@&'@é%o Qei&?@é@al Ligiddie

embodi nent, two separate, conplementary siRNA stran
t r ansci-®etelatef iy SEG IDhHIQs2)mey be digrnptedniAligrnativelyr theox@ressieractthef

or ot 25718 MemARRCieR g Haidade . TpBillo SEOTE RO Tuow e

t r anscdigrupted. nmpthec darationd he toat lipe oyt ferve disrvplee éxpradsionseimivth non-

orientatjo i.n _which case. each is operably linked to. a tenplate for
one of VIRPESEHE PR o T U & PRRRARON AF 16 HERSOTEl aRRE Do related
pr onot &6 SERID NO:2Namppesilisme hidnbaheeRsocibicdtididgsd (i @l fed BEaL €
so that transcription for the pronmoters results in synthesis of two
WO 2009P S Fg mayThe RO GkIrER6895 conpl ementary si RNA strands. In

anot her embeshigtpnt , 1t ey fdite RMURAHEMS, HEUeRlinayCRiRhat Sorfpide Mot er

that drives transcription of a single RNA nol ecul e “‘conprising two
conpl esigfupieyd of egihoersosanally integrated eucleihadid spqudreersncadinigRNgytoplasmic

0041 f il e i at | Led f bl
50421 Tugsening o b Sy ahcn S NRRIEAR A Bok Mibyl bl SR RHFLRD ©
t ranipﬁﬁﬁillfﬁm(hﬁ. rirmsemermmbmileentsaﬂm(:quytmlhmiclmﬁIIUaséSWTneBalekpressifontish
speakin r oot er s Ila | e i.n_yivo _expressign e
oﬁe or d%y@te@p&u\b%pgg%g&shgﬁ%%& bé-r#%.n%zt ggn%f'y ggegér%m?%egg’ Yror
RNA  polggrass agehtichll to® brrind deid S@flighdt FBED D NSIH &l fErth&UENbeSmdat,
or HL pronoters, do not require cis-acting rtzgul atory elenments wthin

the tr dseyipplaaMicyalidasenpseripression isdisrupted dnaycensistgsgentially of SEQ

enbodi i | @g@.ﬁ b AXBYE OF I - d
to dri \r]/rlgr[qe(?(_gf é@gig%%%g? t eg%ne o?’ tﬂ%r'bg[gglhm %I?ﬁ%%mﬁésrea@%bég%ﬁﬁ%n
uni t s. disnugiedenantowistehSEQ 1D B&ue- specific, cell-specific, or

i nduci bl e P pronpt er.s. Iv e used. [0042] A construct that .
provi des a w&?%ﬁ ate f rC%{%@"[E‘%}/ﬂ{?%i%%e fﬁ“hg] B?V%aﬁﬁ@%%§xw&ss’°” of
pr oduc ede usnrgytadlasrdiarsihlidase ahd feantyOhAsimi §1gktmsantor exembRd thent 0 any
of a wide variety of different vectors suitable for expression in
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(ii) gene taraetina [0044]1n other enbodi nents, honol ogous

reconmbi naty fques may be used to disrupt sialid b ON
at the Ieazﬁqg$ﬁ§%§hgenonic DNA. Accordingly, these teﬁﬁﬁW§%§§ﬁﬁ§%’be
used to delete a nucleic acid sequence, delete a portion of a nucleic
acid sequence, or introduce point nutations in the nucleic acid
sequence, such that no functional product may be nade. In one

enbodi nent, the nucleic acid sequence may be targeted by honol ogous

SS90 ST SRR B N i

ot her dibodklatedtte SEQE Nx:bemay dei disrsptpde niternativelys thenexperessionusf the a

Cre-io i fe- LEI nation sys a z _Site-specific

r ecomﬁ%ﬁ%ﬁleﬁ%b%ﬁéﬁ&%@ﬁ%&ﬂ@ES? |(1qu" e@ﬁaﬁg%%ﬁgmpg%i‘ﬁaﬁ'\déﬁgsyst ens

aAr e E 0 lruymtvméahibxi.@yaélétab lte stEmlwer Ndﬁﬂ] memﬁbcm%rpﬁltaﬂ.tc% ?ﬁ&aih%ﬂ’ﬁ@tﬁ@ﬁatigﬂs,
usubel , e .., supra. |n sti anot her_ enbodi nen e gene may be

t ar get €8° G_@\?h@é maa%ar\'ﬁdg,wpwaaxe%é'wﬁ@oimaamﬁv@ab@ms%h%s&s;ayﬂgi the

( Sangar®ytdd akicarfiesse. RIeABNHe eSessBhi @fhy lysgfd}‘ﬁ%l%ri%i_d%@ et lefated to

[
proteins conprising an engi neered zinc finger DNA-bi nding donain
fused (SE@HE NPEhihgslassrmemiraneressasiated sisligass: ion reltishodEadD.
ZFNs u J ; bl g- s 1 ! Chfl
sequeggﬁgg'ndﬁﬁﬂg%§9§&%?%ﬁ%ﬂggg??%§@6§§ﬁ$?§9ﬁgﬁgfﬁbﬁﬁgqgﬁk%ﬁgFﬁgfion
and targeted mani pul ati on of genom c sequences. ZFNs may be
engi neer ed k%héquEt any DNA sequence of interest. WD
2009/ 049284 ®58/ 079695 (ii1) measuring disrupted expression
[ 0045] The R[#f#3Nd genmegdridrglebikegyows dundwillbs Gebd arthalouetics dilthe
generally lead to decreased expression of the sialidase gene(s) and,

conseqUudfRNION. Fepkigogt eells inglbde fung Phreastc SUpnap. PIBMaMaSIaT§If, t he
cells \@ddchgwo@blcéréwéége;rwéwga@, ]gMﬁ%E téﬁ%ngsdeﬂé ifﬁéﬁwsspg@%%:r%w erda

sialidase protéein. A wde variety o ods known 1 n y be
el

used t ®r I dronRNsOSaphds grelaiagastar: plenksalls; and ammaleelis stioh ay mouse,

Norc 1§ i . i )

tr anscr Tl ags Hhcpe famah srar R, (A EF b A abR T Fes

aci ﬁ n}immm Chinese wﬁb’rsteg:wtatry (CHOpeelts, n&ﬂkeszl&idnlayfhﬂhi_ad tiaNsfodaed Glyi on

t echno [ ern orcti.n and. n ease protectlon assa

Non || AP QR0k TR s han i hier7ufiog 48557 Rartuer kiegu S

bl ot ti mgous'é!_ée%na:eﬁ@yﬁwmndarmbpckrddegmeme@\%lam; APRBARMESIMPREY kiBiRey
es

specificitg of the_ﬁrobes used in_t e detection assays, eacﬁé&*ge
of si alBHRE-REY Behyree ceriral cagineres calls (HEWAdecanine kidneweellst K);

si mul t apEakbshy livaregnd (s SAR U @H@%@%ng %), ﬂgm%mger ﬁem%gl i N

the I evel of expression may be determn aring the l'evels ‘( of

m;NA ampuse paarEn fumer eclis¢MMT) ta r}@petmnpﬂ eelisgiHHIG)dHBY3E3 peks sindTRIo
o CBUEF YT BREESH o R ELEIAR N, SRRESASE A, 0 frvey

expression resu ase I n Ssia
cel I s (efegtq therAraetigesaT geoBulairaetbliection titelogeATECS, MarhdssasedA)mni n

whi ch th | | tuyred, . th. Sialid Vit
bo. roadaneiias s ek etz el of citedd Sd, BRnBaR el bt B ol
exanpl emacﬁbmégﬁ%s;pitmtai véll, anf®Yy f9eh MEpsterafbdembediip IS Yefesedr Aed

in Exanple 2. [0046] I n sone enbodi nents, the |evels of sialidase
TRNA( s JYREaiPabis wigalycs6digr the predustion of glygoprateinsaky asexainplanat | east

10-f ol ¢ iriqgﬁ’ﬂhelé@rsfn%;ﬂbe@‘iﬂ gamd. r&%@gﬁ@é@rg%pﬁhﬁ,ﬁs@fﬁe of which

10, 000-fold relative to tthose of untreate
enbodi peeduse a plgceproiain obihtesestl artaavailpbletfmirm ATCCrakxdraples af CtD bglisat

| cast Tebotdy BorsB8 Botonteting e eRb e Glino A e, fich Brotucd’

untreated cells. Furthernore, sialidase enzyne activity may be
decreased by between 20% and 50% between 50% and 60% between 60%
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produci ng a glycoproteln conpri sing enhanced S|alylat|on In general
the met hody H?Wh&ﬁ? expressing a nucleic acid sequenc Réhhde
glycoprotel interest in a cell conprising disrupte expreSS|on of
at | east one nucleic acid sequence encodi ng a non-cytopl asn c

si al i dase, wherein the glycoprotein produced by the cells has
increased sialylation. In other enbodinents, the cell further
conprises disrupted expression of a nucleic acid encoding a

cyt opl ! I r in
he. metimapuplefcef 8esiol FlddARel S EPCEHIRS) oo Whk A Bl @iyt

[ 0049] Thierigtorcgamoizei n produced by a cell with disrupted sialidase

expression generally will have higher |evels of sialylation than a
gl ycoprotein produced by a control cell in which the expression of a
si al i dase hgB) druprdre@ressiet (e.9., the parental cells from which

t he sialida dlsrupted cells are derlve]z@.r The, sial yl ation of the

gl ycopr ot ei %duced nhgenerd B8 gelliines ofi g inyedipndiayeirgaucsdssialidase
eXPr es shRediih. athd %&sﬁ&?%y%‘y&gfu%?éoeét ée@@%lﬁﬁ%?erﬁfstékiﬂil AR e%e' n

produced by a control I N sone enbodi nents, the s
t he gl yRx@pRssias. rFQ)'erU'@é%I ﬂb@ DNfeseglencaiengoding rthlﬁpslehtiaswmolypepnde may

50, a0 g g g ML B oo daS RONAMASIA PO dodaBlibndfa 75,
or SOg%mtmtabpolypbmmdePﬁtnom#n]aje?I.?{Itmpam;tceg; qummmmyme altenéd gcbr cel I
I e a ation o e rote r oduc

{ e ordedba oD i the GolpSiitedt b fm@eePaﬁeﬂ%ﬁﬁé\/q‘ﬁ%ﬁéﬂ?%&fvpgsﬁ
500% greaintddet han t hat of a gl ycoprotein produced by a control cel

[ 0050] I n sone enbodi nents, the sialidase-disrupted cell used for
produci ng the gl ycoprotein may already express the glycoprotein of

interest. Fgﬁgg%@ﬁy@ﬁmvhag gl ycoprotein may be endogenous to the

cell, where nucl el c acid encoding the glycoprotein is present
in the genof®0X the Siwlidasenexpsesrion may\be dibripiid/esing o0 ENA indgridrensm

ROl e SRR RSB AR

ment i omealy mhd\ze cIetaavS@e: of the tem( H}ansﬁrrper Altametieeipnthe GiNAilageaymialy bbb went

cell line es genaqus l.ycoproteins. For exanple, the CHO
cell | |°ﬁéjs E‘RI? °§E I%S/gég g@é“tﬁmfﬁ %Pt er f er on gamma.

[0051] I n ot heo3 nbodl Medtinse efbBdhatits, dS RivAITgent edy eeld smﬁemér@nng
producin the ycoprotei n may not express the glyco rotein of

i nt er edtVA R h In generak @siRNACOmRIjsep @ drubie- §t§afmﬁic%l\lérm@apw@ thate
gl ycoprgh&ddréh db'&h?ﬁ@% abdiit ﬂé%dc?@dl'lﬁgé‘ﬂa% gfﬁt O SiRNA maY be about 16-

sialidase-disrupted cell. The nuc Cc acl equence enco
gl ycopri®: 87+l %21i13% @ﬁés""t ona-20austeniitgs imeagthatied DrﬁfGUedI&EHWmeet tie

encool st CRd o e aRp g Rldleote ) BB Chte sRIYA el REbSPHER e

i n the cohadrisd me-mhtwo gighsistr&tdedeny srinaigee. g/\@als dveehancorebee ae both

ot 1 a0 EanI DR NATGRBbe foHie o e RAVARoTepuusR it sl tepether o,

sui t ablaﬂemw&smp%e@n@wléd ®oni Athednairpe FQNA'(QIF@NAHs@é Heldw). ag! | s.
Furt her nor e, EU|dance naémje found in Ausubel et al supra or

Sanbr oSRME GBREMentss thn Bro $loarsis)af thgrpIRNA HIBYdI%/@HbI?IQIGBI eRMPIRENENERLY,
be prO%pee%ﬁmotrh@n%taIés%w Al SEURY ﬁ%d&f‘d fdrﬂﬁsb%gmﬁrp%hw actors,

growt h factor receptors, cyt I'nes, int |ns an mune
syst emsproertass , Iniothas eharastirsentsr t}'IBItwoparbnaeds of therﬂlﬁym may baddbstastially,

sel ecti 1.ng recept T cell .receptors | obul.i ns,

ronocl SAATPIEN 38T ieB ol of rip B ahpier PHIGRS A e

ant i gemfsiplexfapmes béwegn.thé hes bequenreesl Noeertain Abodiments, one or both of the
2009/ 049284PCT/ US2008/ 079695 acti vator, streptokinase, chol esterol
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The amount of sialic acid conjugated to the glycoprotein of interest

may be me B6b/AY,s9ne of several assays known in the Ldebs @
commer ci al yavé@{able kit. WD 2009/049284PCT/ US2008/ é‘ésgf"’sy‘w"g’

[ 0054] After a period of tinme, the cells and/or the culture nmedi um
will generally be harvested and the glycoprotein of interest nmay be
purified therefrom Suitable purification nethods include affinity
chromat ogr aphy, imunoaffinity chromatography, hydrophobic

|t o1 2k lepRe ERHAIBRAG AR Yiavd SILABKERARSR0GH IR SRR BhbcBlifs oge o

excl usi on romat ogr aphy; prec tio EONI RAt iCORS
t her eofbotl$eéthef®rendxamml lack Rpdogpbte groug. einrotﬁ’errerhbmmeots Beelonbgthes!:

A Practj ford Univ ity Press ditiaon, .2001. A
Sk 1 1 edn&r PREROCRENRIK nerel & Bt dPRR i B ol eaeiGpntg one or
parti cudl ogtnecsirgrnqtsemafy latk am@ar&gtgro(,g;lo Kits [0055]Still another
aspect of thﬁ inventign encorrpasses kits faor producing g{l ycopr ot ei ns

conpri sing dif¥fced sCaeaindgH th ergiRNamijch '§rf'<‘f9["eé’dﬁﬁs R sandiseese
line ofstihg” bma@femé @tﬁandmﬁaﬁuasbfb%nﬁi that hﬁﬁ;oﬁﬁ%&ﬁﬁ% tQFg%E HQ(H&(#.pt In

expressi on of | east one non-cytopl asm ¢ si
enbodi resatesredianabediments;, e mt;seﬂae shiand Obthpr&IETéAdh@y b@ne@p@t@y essi on

Cse i n EHIEBAREE wRh Y e BR G ib R a R elhn LB BBibie RibHeE 7).
ng Ié: ttsansayptahlﬂmwarmngl?S}lsrﬂgtrchggfmu@w%\femra t?g‘ft gég)@‘ﬁﬁkﬂweem&)out 2% ;and
o owi nepih 28 AR liee i enith Sl Rast 1 bRt Siba fefeand e

may f urgrbrratsip ABOUSES-20AStIEEEdSs iherthth. M 858} Embbbindnts 8hE ahtidise
|ntrodUC|n% a nuclej c aci d sequence encoding the gl ycoprotein of
t

i nt er estr@nAtoaY Re sgb%tﬁmealgé:omrgerugrﬂt@af fodhe dargehregian, i-ea RBE 196 More

nbodi

ona or HematéEs didioBedt By bulst ithe iR BmEFBARE SnisBhsd S aftd

the i migentar@at tramm‘»rlpt rff xnlwlyemahwswecbargemdtalﬂxenrowgqeansea oidhe trgPCR
i | £l

Phr ooy PE THRRe oSl it s PR Mt B4 S EE S e

:|ke [dm&'rﬁ@ncml aemm‘s&haig:dhs&grb@l Ri‘\mrfor tan'd;m t#an%cﬂptapﬂnsea&mplﬁb‘l@xeﬁiple
n CO eda si | X e

he oo Bl Rops i RMADEad iR te Bl Fobeiinidy; Rbfn Seags Mikksnd

consi sty mlow%mumsig@wamdrmhasmmars RO ATHERAIRNAL rhay BE@nepmbtidine

conprises disrupted expression of the sialidase

2009/ 0£&yDEEpEed USZ@@SJWE@@T%N&Q“S]MQ’@ torthesapi ib"l\l@the arth Alternatively,

SP OE E:r siali dag“.d@'I consi s'?s@g tﬂi%&é%&rﬁ%ﬂ[&do}ﬁ%te%&%é H%ﬁtﬁ%sﬁ’f&{h‘?ﬁ@egn
f ur t herthatrase avatgmown indgherd cel | |ine conprises disrupted expression
anot her enbiSieEne -t RSbbudbateris, Mo R BEnaey hecbarers R Rlye
of t Ee (ShllﬁNAqiaB’B@er[EmalsgSth?\ Bfanmmgrﬁblbﬂllé O?ﬁngﬁ@ dt:]bdeﬂ(t)hﬁos x |r 3 t ed
t embhodi pen cel

expr 65 SORIPITORREY BPT ek ot brigicadd 4 25p capeip s REbrdisg i 4,
and SEQouBIEMNYndelrstierng bMﬁlc%hﬂ* |HHRS6 nSERERTINA rhtleﬁe@n%é Eé% gescrbed
RNAI . DEFINITIONS [0058]To facilitate understanding

i nvent iabRVE: éPd@hleast Png singke-stranded portion that forms a loop connectmg the
regions of the shRNA that form the duplex. The structure may also be called a stem-

loop structure, with the stem being the duplex portion. In some embodiments, the
duplex portion of the structure may be completely complementary, such that no
mismatches or bulges exist in the duplex region of the shRNA. In other embodiments,
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defined bel ow. [0059] As used herein, the term"conplenentary" refers

to the assggl, ?,; ig,g%ygf doubl e- st randed nucl ei ¢ aci ds by mzmw%ﬁﬁ%

t hrough speci drogen bonds (i.e., 5-AGT C3 pairs wt
conplinmentary sequence 3'-T CA G5'). Two single-stranded nol ecul es
may be conpletely conplenentary, i.e., all the base pairs are

conplinmentary and there are no misnmatches. Alternatively, two
si ngl e-stranded nol ecul es may be substantially conplenentary, i.

2t Teasho BT SRRKES R LELaREUESR L e L ARl a@a%g@rgese

"disrupte ession, " as used rein ion
nucl ei coracone rslsqumit&s anuatr moghssmap exist mdhy[deptemdmrm:cdxf theahRNAe The

Pads arOoR AL EE A ER Ty besFomyabiek £ 56 aBiy 20 RugeticB? ot RRin. pEterably
di sr uptfesin abogtev &y @d;odt gelbdut ModleSRIZIH @eng&m %namﬁo@mfar@mymm about 6

pol ypept| %p may be al tered such that no functional rressenggé'
hence, A& Hh%ﬁP@ﬁai'd%'8t|@?%h1 JhadeRP MAY bereeated at gither ke s%r@@@rof

RA Minbeeib &t &lcaiBRididry @Fgét%ggﬁélf;ﬁ '+ inriteBiGorfen bie

poI ypeptide 1s nade at re eve
"hybri théhRNﬁ\) as used here| n, refers to the process of hydrogen

coml onent a0 b r e, T8 snRRARER e BRGRSE PR bR Mg S e 5 g 3 enc.
doubl e-Bter gpiided| Mhalﬁb o2y depften abdbe1 tdbout 20 nucleotides in length, and more

2009/ 049284P /US 79695 bri di t
oo ColTe R rirCakpus 3 1 poowt Tainy e RS in SRl [t SHES sriodisnents. the
st r engtdvertdigl b¢ combasdphe lod nidr@ D) fesiduiek Se. ge%fv@éérVaMHGa%fo%o%ﬁ stipe

msltlngterrperature or Tm which is the temperature at which

hybr i d TEgidgesy, wewa@%e@@odwmts B¢ ionend @B?h@.&h% m@dl?dﬁlaomﬁﬁéﬁ@ been
deri Veq;rétﬁpe Wlﬂeqﬁbﬁnér@%mlrﬂ nid |t9r‘n 'ﬁohy[ﬁrdéﬁler %}rﬁ@ocﬁméﬂfé g;bs?té?'n‘ﬁeof'tﬁé 0

account™ t G+C content of e nuc |c aci nat ur e he "hybrid
(e.g., SDRA/DMA&Y hamaimiromgrgup wlildellte?ﬂ@el‘rembodnhnentmtmymoacImgememie

ELS SR B PO e TR B o S R Bl el
hybri dlsnﬁal\lﬁcuerémrecmshmtnﬂsmmas eoﬂab@smlarl?@epablefbf |rirfb|mgTBxpressmn of a

R e R T ) G e

typi calgoytichedfan8isARBIA) hahate bhgamgythelart ste bk dithaké Qﬂallable resources

Furthernore, the tenperature also typically determ nes the stringency
of the ﬁ%eiadetiappmi fathedesign and/mﬂé%ﬁﬁp INAs. An expopéey ssamgleds
herei nyy ﬁI@@FﬁRNA r'néWdﬁHh ‘identical " refers to the extent that
t wo nucI eot| e sequen e or two m no aci d sequences are the sane when

al i gned for [G&#0] num chnrstﬁsmmc&mbmilm@ta treel RWAI ggerdmoasaipel an iRNAier cent

2o SRSl SR AP AL D 0 S ek

215: 403inhd) sirﬁ%)s;s carm\wmgetmw sath a8 BIRMASOMsiREABENCOnd ehfbdindnt,
bet ween two am no acid se uen (R{s e determ ned usi nrg t he BLASTP
al gor | tHHSBPAIRIE IORRAISRERLEIRMA FBANSS MAKDF TOREHEPEISSTG Bigiagle vector

87: 22640AZfin @\9@ omeBﬁsS%aé‘lH BPWhFchrHﬁre%fsetréd},%ﬁbﬂRﬂf @ftéaglngfété?RNh«%’il%lﬁéST
programs at t websi t e (http://ww. ncbi.nl mnih.gov/BLAST/)

obt ai n (@ppeeh Bﬂm%ﬁp@eﬁﬂy wu?eﬁdmasf@mpdﬁlewstég siRMp sedh @ irEECrptionbe
til
25: 3380 BATEeT o 5 T B RRTEY BE e spl G S E R E eass cach s

t he demerablypmmdﬁoerterrmﬂateﬁm cvmq;fetbelcmmpmm@ﬂawyssﬁr\!a strgrideyed. The

percen ce identity is determn.ned .conmparj.ng two
ot | it aRe TR kel iy e EEpaR e Bhie NSRRI 2hiBRE T e
por ti onerdplatdrso ﬁ‘%ﬂu@ﬁ@@[p}t@ntfhiethéqjmme?@FbéMthﬂWdTﬁéfs@@ﬂWd Sé
additions or deletions (i.e., gaps) as conpared to the reference
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nodi fications on the sugar or base npieties of a nucleotide include

the addi ti&%zﬁ@?m&ﬁf’“va') of acetyl groups, am no groufg. cakRA¥hs

groups, carboxymnet groups, hydroxyl groups, nethyl groups,
phosphoryl groups, and thiol groups, as well as the substitution of

t he carbon and nitrogen atons of the bases with other atons (e.g., 7-
deaza purines). Nucl eotide anal ogs al so include dideoxy nucl eoti des,
2' -0-nmet hyl nucl eotides, |ocked nucleic acids (LNA), peptide nucleic

aci ds (R é{}@?m@ﬁ% ﬁ%%t‘m isie eﬁ@‘ﬁﬁﬂ%ﬁl dcﬁlﬁé t”ﬁ?éoF?ﬁAl LIESLBY vector

phosphodi OSPROT
phosphonaydcamtauim prdnmtdsthat 60@5@] frﬁmzhptltasefsa siagle RNgrmolpcuié cenyyisivg

that c a ze t he oI Si s al sialic aci esi dues from
gl ycoc QiRiem eg 5 ?B@bﬂ@f&]%@an%ﬂa CHRR &5 -al so referred
to as EXO a 6@@1']' dase$h0§geg1r S ﬁltHéI%ﬂSNlll@bp@%@iéﬂﬁ%ﬁ%@ﬁ?éﬁér@@%r siRNA
[ 0065] When |ntrodu0| el enents of E)resent invention or the

pref er rad shihhye 'htﬁgg RreyGeskin W"ﬁ’eV'%l R Eanssription of yare thapigee and
'sai d” rf%chﬁﬁcﬁﬂ?rﬁfj GQnéFEﬁ’ynsééKﬂngt '?r?é Bro"f‘ﬁdcﬂel%rlﬁth%d EEE ife?n, WOS gxpression

el emsnts The te npri si ng avi ng
i nt ended tlneJOb@ or moremgiR}‘é‘\ anaﬂﬁPdAr’iraﬂsampttdn‘eJmtsrraqy be pacddoiBraniwaRNA

| L5 i st. t 066 i ng,,d bed,t he
© ot ohholBEe Rl Y Gartdif Dol McRerst AR 4L Y 7 By 3ot ced RS
vari at |req|sl(rjea:c:re-a@gsg rdyj datoit éleu?ngaapiiﬂﬁip ﬁmlgtrén\i/%méb ee@onmndothus here

n nt n er.l.ne 1.Nn n al .

006 0 FUBEHBET RS0 S RS AEB B U AIES MRS TRR PRI eI olcP el Y b8
are i nglseded dfige dRpreBsibh f thadsRs 8F BFk SRAECHIETIISA ﬂfangaﬁatbﬂmgl @

It should be appreciated by those of skill in the art that the

t echni 98 embedipwads. itigsyerepeeiic, &mlﬁge@ﬁa@anh&@i’@bBmom@termmué@
di scovejsgd by the inventors to function well in the practice of the

i nvention. Those of skill in the art should, however, in light of the
present di si0@Are, apmoosinutdhatimmovidesg temakal@ﬁabrdwsmtmsia;raﬂﬁRNA ohe

o 1 s R TR e Rt dhd s Ry ORI AP B et PNA i @sced igpsfabie
: In?lﬁ 2% lramlgrlo\j ghgg(dafvanetyaif Idifferéritere cies sﬁmttlélfOrEExbms@E)nl lﬁte@km@tlcde%

mti | at
add &1 GG Pu Lo B ede R '\ffgxa@g?rp%akogx.@%@%‘gtn glenioln
(Neul , \idsi2g S 3NedNtbrhezad3) B@%Ié&@é‘r (Blgﬁiﬂb' Al @8oaisty Manual (Sambrook

wel | -char acterized in hunman, nouse, rat. These Sl al i dases exhi bit

di f f er énRusselly FeIchSpiing Haeer P§@|%tqcﬁﬂ 5%9@#’@@&@5’; 3a@dif@0b8@®1)ulT@DSG
locati %‘?%kllfTr?tr%aérgﬂaa%?ﬁr&ﬁat?%%eefb?s # gegﬁaﬁlo Qﬁrgfﬁﬁ%?o

char acterized In hi's gene en o ¢ 284l i dase
(i.e., SNqu@)ce(scﬁe@etemwmatlmeemﬁtranslam»al Bnmttcécsbqoenda ety.), @s vaH6) .

e S LS LS8 AT A D B0 B

anpl i f ibaged on pER3ZANRUS) dsid, scaforth. Since many expression vectors already contain
a suitable promoter or promoters, it may be only necessary to insert the nucleic acid
sequence that encodes the RNAi agent of interest at an appropriate location with
respect to the promoter(s). Viral vectors may also be used to provide intracellular
expression of RNAi agents. Suitable viral vectors inciude retroviral vectors, lentiviral
vectors, adenoviral vectors, adeno-associated virus vectors, herpes virus vectors, and
so forth. In preferred embodiment, the RNAI expression vector is a shRNA lentiviral-
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ot her standard nethods, the other three sialidase genes were isolated

and cl one r Q?Q cells. CHO Neul encoded a protein 'LJTJPU LNO
acid resi ékgészﬁdyg)n tHO Neu3 encoded a protein with 417Vi4am nsé&ugjg?ﬂé%

residues (Table 1). On the other hand, CHO Neu4 appeared to be a
pseudogene in CHO cells. Both of Neul and Neu3 shared high
simlarities with their counterparts in other species (Table 2).
Table 1. Characteristics of New Sialidases in CHO Cells cDNA SEQ ID

NO: pr il vaEfdr bPidNRird¥eitrichd &3 chRs thddfodded iMNBHSSHABSTRR hRA a2

4
products (Sigma-Aldrich).

[0043] The RNAi agents or RNAI expression vectors may be introduced
into the cell using methods well known to those of skill in the art. Guidance may be
found in Ausubel et al., supra or Sambrook & Russell, supra, for example. In some
embodiments, the RNAi expression vector, e.g., a viral vector, may be stably integrated
into the genome of the cell, such that sialidase expression is disrupted over subsequent
cell generations.
if) gene targetin

[0044] In other embodiments, homologous recombination techniques may
be used to disrupt sialidase expression at the level of the genomic DNA. Accordingly,
these techniques may be used to delete a nucleic acid sequence, delete a portion of a
nucleic acid sequence, or introduce point mutations in the nucleic acid sequence, such
that no functional product may be made. In one embodiment, the nucleic acid
sequence may be targeted by homologous recombination using the techniques of
Capecchi (Cell 22:4779-488, 1980) and Smithies (Proc Natl Acad Sci USA 91:3612-
3615, 1994). In other embodiments, the nucleic acid sequence may be targeted using a
Cre-loxP site-specific recombination system, a Flp-FRT site-specific recombination
system, or variants thereof. Such recombination systems are commercially available,
and additional guidance may be found in Ausubel et al., supra. In still another
embodiment, the gene may be targeted using zinc finger nuclease (ZFN)-mediated
gene targeting (Sangamo Biosciences, Richmond, CA). Briefly, ZFNs are synthetic
proteins comprising an engineered zinc finger DNA-binding domain fused to the
cleavage domain of the Fokl restriction endonuclease. ZFNs may be used to induce
double-stranded breaks in specific DNA sequences and thereby promote site-specific
homologous recombination and targeted manipulation of genomic sequences. ZFNs

may be engineered to target any DNA sequence of interest.
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WO 2009/ 049284PCT/ US2008/ 079695 Table 2. Percent Simlarity Between

Si al i dase Rpoh&ifIsrss CHO Si al i dases Human Sial i dases M (@é@} 15ES
o S dhodh (B84 "SEQ 1 D NO 2) 86, 5% 95. 4% 95. 6% NeLS SRS

NO 5) 77.1%

{iii) measuring disrupted expression

[0045] The RNAI and gene targeting methods described above will
generally lead to decreased expression of the sialidase gene(s) and, consequentiy,
decreased sialidase enzyme activity. Accordingly, the cells will generally have reduced
levels of sialidase mMRNA and/or sialidase protein. A wide variety of methods known in
the art may be used to measure mRNA levels, protein levels, or enzyme activity. Non-
limiting examples of RNA detection methods include reverse transcriptase PCR, reverse
transcriptase quantitative PCR, nucleic acid microarrays, hybridization-based methods,
branched DNA detection technologies, Northern blotting, and nuclease protection
assays. Non-limiting exampies of protein detection methods include Western blotting,
ELISA assays, and other immunoassays. Depending upon the specificity of the probes
used in these detection assays, each type of sialidase may be detected singly or all
three may be detected simultaneously. Regardless of the specificity, however, a
decrease in the level of expression may be determined by comparing the levels (of
mRNA and/or protein) in a cell with disrupted sialidase expression to those in an
untreated cell. Preferably the decrease in sialidase expression results in a decrease in
sialidase enzyme activity in the cells (e.g., in a lysate obtained from the cells), in the
medium in which the cells were cultured, or both. Sialidase enzyme activity may be
measured using a variety of sialidase assays known in the art. For example, sialidase
activity may be measured using the assay described in Example 2.

[0046] In some embodiments, the levels of sialidase mRNA(s) may be
reduced by at least 2-fold, at least 5-fold, at least 10-fold, at least 100-fold, at least
1000-fold, or at least 10,000-fold relative to those of untreated cells. In other
embodiments, the amount of sialidase protein{s) may be reduced by at least 2-fold, at
least 5-fold, at lest 10-fold, at least 100-fold, at least 1000-fold, or at least 10,000-fold
relative to that of untreated cells. Furthermore, sialidase enzyme activity may be
decreased by between 20% and 50%, between 50% and 60%, between 60% and 70%,
between 70% and 80%, between 80% and 90%, or between 90% and 100% of the

value in untreated cells.
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86. 5% 87. 1% Neu3 (SEQ ID NO 4) 76.8% 81. 1% 83. 3% Exanple 2. CHO Neul
and CHO Neyd gl | dases. [0070] Enzymatic siali daseﬁ%ﬁb(ﬁaﬁm(%

studies were performed to confirmthat the proteins code

two new genes having the expected functions in CHO cells. Br| efly,
the coding regions for the Neul (SEQ ID NGO 1) and Neu3 (SEQ I D NO 3)
genes, as well as the coding region of the previously reported Neu2
gene (Ferrari et al. (1994) d ycobiology 4(3):367-373) were cl oned

into pcDNA3. .1 | on vectors. The expression constructs
S} ERIER Y SRR

then were t I nto ells to overexpress the sialidase
protei ns. THE0$HGDNAI. Praferaidy, the oeilehnm)rammg danqﬁenl:meddasetmpfﬁﬁ?on is

oreen ARISPIAERRE CHOTRLTRR  Blené SaBbRBET 3P caidael s cffEtens, ™
cel | s tdismptetbdrpresdidieot tharskfligaseé Odihs?étfnng:bf@E(y ID N2 1]IA erothir f our

hours after transfe the cells were by soni cation. The
cel | deBRPUifgst, #%&@C%“r&mmpmﬁ?@é{@%ﬁt%ex igp ¢f thesialidash n at

4C and ddngisHeef BEAM NDAL IR éﬁ%ﬂ%r%%t!o%%%@ﬁ't tr%cﬂ@zdfémfn'gccompr ses
activi tg/%mThe si al i dase assay was performed as B@ew ousl escri

( G anerdignuptgd expressmn o e sialiaseseangisting 36 SEB BN iang s__Ew HO: 4 In
4- met ol fitet bickBh g U AG0 %R SHEShABHEes BRFudREF BxdntSabe or 0. PO Of
I'n e assay. Ihe assay waS perfor I'n

protein Was use rrplicate.
Af t er reglidebes aonsisting ¢fISBEQ 4D GRP 2razads BQ 4D NGBS, ChigeNendthanembleditent,

tei ' 'f' t. sialid tivit 1 .
Po’t ne e gaio Faf b ppEprsdnden b efits'on s ire e Resao s RiSad M eI
(Neu2) .NOR &RESEQ IMENDES! 3Inparitiedbifeathtaerbodiaentaihier OM DN 9hg c6rr;b$|ses
times as nuch activity fztﬁ?ﬁ@ﬁjlz WO 2009/ 049284PCT/ US2008/ 0796

[ 0072] TESTHAIECHRPressind ¢ d8%¢S,52pi¥ng OhSEL U3 Q! aa%%ﬂdpdﬂ@i%gnd
the si %EQC?@EN@%Saéyre‘l’@éblpeélélﬂfa%%xbfbs%fb‘ﬂ iPURPEAES v RNAP di fferent

sialidase inhibitors (Neu5Ac and Neu5AC2en) at two concentrations. As
shown in Figure 2, Neu5Ac2en had greater inhibitory effects than

NeuSAc 0.1 nmM
Neu3Ac2(ﬂQ ’@%ﬂgpgggggp?#élg%??%fy?@b;%om an W%ﬂﬂgu c2en
reduced the [@@48]vi ty SbibabotBefaspertetthddheritindipratides atethddfonewl y
i dent i

subcel IP1T5s BRI SR tHimErocsiahasd setydton iR genda he methBa © °
comprises expressing a nucleic acid sequence encoding the glycoprotein of interest in a
cell comprising disrupted expression of at least one nucleic acid sequence encoding a
non-cytoplasmic sialidase, wherein the glycoprotein produced by the cells has
increased sialylation. In other embodiments, the cell further comprises disrupted
expression of a nucleic acid encoding a cytoplasmic sialidase. Sialidase-disrupted cells
suitable for use in the method of the invention are described above in Section (Il).

[0049] The glycoprotein produced by a cell with disrupted sialidase
expression generally will have higher levels of sialylation than a glycoprotein produced
by a control cell in which the expression of a sialidase has not been altered {e.g., the
parental cells from which the sialidase-disrupted cells are derived). The sialylation of
the glycoprotein produced by the cell with disrupted sialidase(s) expression may at least
about 10% greater than that of a glycoprotein produced by a control cell. In some
embodiments, the sialylation of the glycoprotein produced by the cell with disrupted
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[0073] To identify the subcellular location for the two new CHO

si al i dasesyol,gpuagsyt ochenm stry with Confocal Scanning %1‘%!5593‘0%}39%95
technol ogy was pertorned. Briefly, the Flag-tag encodi ng amno acid

resi dues (DYKDDDDK) was cloned into the 3'-end of Neu expression
constructs to express Flag-tagged fusion proteins. The Fl ag-tagged
constructs were transfected into COS7 cells. Twenty-four hours after
transfection, the cells were i munostai ned using standard procedures.

0074] The; | | I
ocat | cidass ExbiesBf M PaBETD. 20, 50,39, Sorso. 7A€ o8 06 de}' 80,200, 250,
gener at3, B§01 400, BEUCoos)09g greateninan {fdt AGaagiyddpoctein grodudedamns tattod dell.

cells re also i nostai ned with,organelle narkers:, a S0S0

et ker TP P ihadiTeR Rl BusS alion r e ihere Bt castBy g ce i
fl uor e&ﬁ@ﬂﬁt%_daé‘léi idas@ leRBEBSITRITIERDE nite kiedn éw&m@bog@g@aw%aﬁ thak Bf a
647), which is indicated by the blue signal in the Figure 3. This

st udy &M@e'mm99U¢@lJWﬁ§eair@lf@H- to |ysosones; its pattern of stain
ves, nearly el oal kisdhelbrlodrienibiR8SENRbedBEkseq MY dukpRR! | zed

to the plasrma nmenbrane, in a manner simlar t ) asma
menbr angodutik@he gyeammetejn Mey2/reatieexwress theeglyeoprotein ofdintepssiy Edr

t opl ) o ' 2 ! -
CYErR. BB 0% BPlys RS RERESE BSkadRIRTELS ok TRk ARE LDl
si al i daseodiegdse ghysopnoteik éxlpresent ioshe gessrae bf thet sl eXliengatibly, (e RNA)
techn_olc? I es. Basedbon t he cDNA tseﬂue%es thseve(rjal si RNAs agal r}ﬁt t he
CHO si SIYGPRL e@é'ﬂg% ?ﬁé‘ﬂogﬁﬁ?&? odfg c a§§i &gs'd sequence encoding the
2009/ 0 RS WRa Y AV BOSD Stab/ iftedPfEI RE agdﬂﬁlomsmrhé%if ardedioragach

gene. e sequences are presented in Table 3. These si RNAs were

t r ansf seertipriedaboye iHeeetan (Iahdhereie wommersisdy ayaitalieell iesrthal on
ganma I Loctd ihd) cl4B!H

Forty-ei gﬁtéghé;u én%ﬁ@ﬁé@gﬁ écltcls}(r)é?f ,a Hﬂ% tl@%b{l-gﬁ \;\Egﬁrjlelﬁﬂar vesdt“gﬁ%’wy
and pr expressee hermiagdnterfedrf ggnnehe transfected cells. Reverse

oo oA Y R3Sl Bl RGN, o R B A AL v

st andamdoguchngtherghgcopfatiremady nst BiheSetheapaproterne isteR¥A Nuslgtot i de

sequenqr?stggée-s? ilf:e nSch%lIc [a)cHosequence encoding the glycoprotein of interest may be
introduced into the sialidase-disrupted cell. The nucleic acid sequence encoding the
glycoprotein of interest may be stably integrated into the genome of the sialidase-
disrupted cell. Alternatively, nucleic acid sequence encoding the glycoprotein of interest
may be transiently introduced in the sialidase-disrupted. Stated another way, the
nucleic acid sequence encoding the glycoprotein of interest may be extrachromosomal.
Those of skill in the art are familiar with suitable vectors and methods of introducing
nucleic acids into cells. Furthermore, guidance may be found in Ausubel et al., supra or
Sambrook & Russell, supra.

[0052] Examples of glycoproteins that may be produced by the sialidase-
disrupted cells include growth factors, growth factor receptors, cytokines, interleukins
and other immune system proteins, interferons, erythropoietin, integrins, addressins,
selectins, homing receptors, T cell receptors, immunoglobulins, monoclonal antibodies,

soluble major histocompatibility complex antigens, enzymes (e.g., tissue plasminogen

17



Neul 82-sense GGCEUGCAAGACGACUUCAGt 6 S2-anti sense
CUGAAGJCG{;HQ%%t 7 S3-sense UGGGACGCUGGAACGAGAUL tPcel‘/Uszoos 079695
S3-anti sense AUCUCGUUCCAGCGUCCCAtt 9 / >

activator, streptokinase, cholesterol biosynthetic or degradative enzymes, steroidogenic
enzymes, kinases, phosphodiesterases, phosphatases, methylases, de-methylases,
dehydrogenases, cellulases, proteases, lipases, phospholipases, aromatases,
cytochromes, etc.), hormone or peptide receptors, binding proteins, transcription
factors, translation factors, oncoproteins or proto-oncoproteins, muscle proteins,
myeloproteins, neuroactive proteins, tumor growth suppressing proteins, anti-sepsis
proteins, structural proteins, and blood proteins (e.g., thrombin, serum albumin, Factor
VI, Factor VIli, Factor IX, Factor X, Protein C, von Willebrand factor, etc.). In some
embodiment, the glycoprotein may comprise a peptide tag, such as an antibody epitope
tag (e.g., FLAG tag, HA tag, myc tag, 6xHis tag, etc.) In other embodiments, the
glycoprotein may be a fusion protein comprising a first domain from a glycoprotein of
interest and a second domain from another protein of interest, wherein the two domains
either are fused together or separated by one or more additional domains. For
example, the first domain may comprise an immunoglobulin domain or portion thereof
and the second domain may comprise a non-immunoglobulin polypeptide. The
polypeptide or portion thereof may be a naturally occurring polypeptide, it may be an
engineered or altered form of a naturally occurring polypeptide, or it may be an artificial
or man-made polypeptide.

[0053] The method further comprises culturing the sialidase-disrupted cells
under conditions whereby the glycoprotein is produced. Those of skill in the art will
know the appropriate conditions under which to culture a particular type of cells. In
some embodiments, the cells may be grown in small vessels for the production of small
amounts of the glycoprotein (e.g., milligrams to grams). In other embodiments, the cells
may be maintained in a large bioreactor for the production of large quantities of the
glycoprotein (e.g., kilogram quantities). In general, the glycoprotein produced by the
sialidase-disrupted cells will have enhanced sialylation relative to the same glycoprotein
produced by the same type of cells in which sialidase expression was not disrupted.
The amount of sialic acid conjugated to the glycoprotein of interest may be measured by

one of several assays known in the art, or with a commercially available kit.

18



S4- sense GGACACUACCCGUCAUCUGt 10 S4-anti sense CAGAUGACCCGUAGUGUCC t

11 Neu2 S2s _@JGGGJGUGJACCUCAAUH 12 S2-antisens i
AUUGAG&JAéXéE@E%&& t 13 83-sense PCT/US2008/079695

[0054] After a period of time, the cells and/or the culture medium will
generally be harvested and the glycoprotein of interest may be purified therefrom.
Suitable purification methods include affinity chromatography, immunoaffinity
chromatography, hydrophobic interaction chromatography, ion exchange
chromatography, size exclusion chromatography, precipitation, dialysis, and
combinations thereof. See, for example, Roe (ed), Protein Purification Techniques: A
Practical Approach, Oxford University Press, 2™ edition, 2001. A skilled artisan will be
able to select methods appropriate for a particular glycoprotein of interest.

(IV) Kits

[0055] Still another aspect of the invention encompasses kits for producing
glycoproteins comprising enhanced sialylation. Typically, a kit comprises a cell line of
the invention, wherein the cell line comprises disrupted expression of at least one non-
cytoplasmic sialidase. In some embodiments, the cell line may further comprise
disrupted expression of the cytoplasmic sialidase. Sialidase-disrupted cells suitable for
use in the kits of the invention are described above in Section (Il). The kits may also
comprise instructions for use.

[0056] In one embodiment, the kit may further comprise suitable culture
media for growing the sialidase-disrupted cells. In another embodiment, the kit may
further comprise constructs (e.g., plasmid, viral, etc.) for introducing a nucleic acid
sequence encoding the glycoprotein of interest into the sialidase-disrupted cells. In still
another embodiment, the kit may also further comprise reagents for detecting and/or
purifying the glycoprotein that is produced by the cells of the invention. Non-limiting
examples of suitabie reagents include PCR primers, polyclonal antibodies, monoclonal
antibodies, affinity chromatography media, immunoaffinity chromatography media, and
the like.

[0057] In a preferred embodiment, the kit comprises a CHO cell line
comprising disrupted sialidase expression. In one embodiment, the CHO cell line
comprises disrupted expression of the sialidase consisting of SEQ ID NO:2. In another
embodiment, the CHO cell line comprises disrupted expression of the sialidase
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GACGGAUGAGCAUGCAGAUt t 14  S3-anti sense AUCUGCAUGCUCAUCCGUCtt 15 Neu3
Sl1-sense COUACCGRAUUCEt 16 Si - anti sense .
GAAUCCGGUA t 17 S2-sense GUACCAGCCGUGUGUUACUTCT/USHIOBATI6IS

consisting of SEQ ID NO:4. In still another embodiment, the CHO cell line comprises
disrupted expression of the sialidases consisting of SEQ ID NO:2 and SEQ ID NO:4. In
a further embodiment, the CHO cell line comprises disrupted expression of the
sialidases consisting of SEQ ID NO:2 and SEQ ID NO:5. In yet another embodiment,
the CHO cell line comprises disrupted expression of the sialidases consisting of SEQ ID
NO:4 and SEQ ID NO:5. In another alternate embodiment, the CHO cell line comprises
disrupted expression of the sialidases consisting of SEQ ID NO:2, SEQ ID NO:4, and
SEQ ID NO:5. Preferably, sialidase expression is disrupted via RNAI.

DEFINITIONS

[0058] To facilitate understanding of the invention, several terms are
defined below.

[0059] As used herein, the term "complementary" refers to the association
of double-stranded nucleic acids by base pairing through specific hydrogen bonds (i.e.,
5-A G T C-3’ pairs with the complimentary sequence 3'-T C A G-5"). Two single-
stranded molecules may be completely complementary, i.e., all the base pairs are
complimentary and there are no mismatches. Alternatively, two single-stranded
molecules may be substantially complementary, i.e., at least one mismatch exists
between the two stands.

[0060] The phrase “disrupted expression,” as used herein, refers to
manipulation of a nucleic acid sequence that codes for a polypeptide such that the
polypeptide is not made (i.e., knocked out) or the polypeptide is made at reduced levels
(i.e., knocked down). Expression may be disrupted at several levels. For example, the
DNA encoding the polypeptide may be altered such that no functional messenger RNA,
and hence, no functional protein is made. Alternatively, the messenger RNA may be
affected such that none of the polypeptide is made or the polypeptide is made at
reduced levels.

[0061] The term “hybridization,” as used herein, refers to the process of
hydrogen bonding, or base pairing, between the bases comprising two complementary
single-stranded nucleic acid molecules to form a double-stranded hybrid or duplex. The

20



18 52-antisense AGUAACACACGGCUGEUACIt 19 * Upper case letters

denote the sequence and | ower case letters 3
04isFNA seq if@i‘/\fég :
over hang. Y%%?@?,&s shown in Figure 4, RT-PCR anal ysis showe ts{?gﬁ%at
| east two of each set of si RNAs were able to reduce the nRNA
expressi on of each gene. Neul-S2, Neul-53, and Neul-S4 reduced the

expressi on of Neul nRNA, Neu2-S2 and Neu2-53 reduced the expression
of Neu2 mRNA, and Neu3-S1 and Neu3-S2 reduced the expression of Neu3

wl M@= I I
"ol cat SoRhe) o BREGAZARE SIAHRH Ridthhedbihe CTBIEAS Y ifperature and
r educedoniRid&engihr dil@io acievelbsid (stabality |sge7fﬁ%lly W&swﬁmﬁhemelmga
control, siRNA targetin nrel ate Ci u e, (the P
ool o delprruts b o s S Be il i B Rutes D% edialieto
appr oxi urkiee kgfi W@drﬁﬂﬂiﬂs@ Eatioehavg bt déded to estimate the Tm of a given
2009/ 049284PCT/ us2008/ 079695 exgr essi on was reduced about 70-85%

(Figur é“@ﬂ)j SrRIURIeSS [ARAN I A5PRYY; the Gikscontaniidhe putigicesid. the paives
50 . [QEfHd ?br*dl(é@ebl\@PDN'N DINARNSEBE:. )S'trlee@ﬁgmgoﬁﬁé ﬁegél id Pobe, etc.
protein |leve st alidase activity assay was perforne Adher ent
CHO- hl RNge tarl EXemMpe, Sanlypek asd Russell, supramiGng $kjllagieinitie drtavillappreciate

I
Fr anof ATEh PRGMs ofsi0 iEbotale YL Mo SERNG kB ZRRNE AR S,
CHO- hl Frisigctineisl sln sdmei hybeisizatiart-basdibreacti@n, halvesgneudh aslpolygwnase_z
combi ndPReiPnEr SEPTEEN sPadlofees e i Saecrs ahDedsacBaREdH: vo
hour s Etfét@fmihés’ml’éfsﬁﬁrﬁ%m y of fife ieﬁirid&aw@:ﬁ eFhaneeadradthandmpariad asd h
pre-chilled 1X PBS buffer. Total RNA and protein were separately

i sol at d¥PiEAbEataENIBeRIe StHRsRTY QS e Exétrrmzat@atdéarmmvméea@@aw or
reverse trarr@@gz pti onAggeed Refeln RE&terAS ﬂfé?fﬁf;)”%?ﬁ @m;é@* Jeférré’¥ fh% t
used for in Vlt o si al il dase act|V|ty assays, t al In
2. | ndithatdwel nusiqrtide seauen TG toraminaEcsheequences grei the sante whereaumd
Lo o . NA |
e o R R R BB Bk SR Bind 810 B8 GOPLT S PREGILA
idnt er estuc;‘egitlsde sEheermmbh?l;abé aetenfiredRISAY) thgaisied thNdiﬂASi‘I;M argﬂmﬁqr? of
r t | | to n etecta ve
! et &5 43 3808 on ST oty A Outial ABG R Sush e ascee
on the i@ bétweénﬁmrmhnﬂo%cmqu@gcémb N@Lua@wé@dsmg%e BRASTP

activity could be knocked down using siR ressi on was

st abl y GREREP! Rk and Slieshul HRipc chet. Acagh Sgi- é’%‘”ﬂ%ﬁl&%@@ﬁﬁ@ B§3)
pl at f orfRdsM55dr s BN ENpora 8 Ent6 ik BERASTSroglaPit &t th™CBI website

(http:/iwww.ncbi.nim.nih.gov/BLAST/). To obtain gapped alignments for comparison
purposes, Gapped BLAST may be utilized as described in Altschul et al. (Nucleic Acids
Res. 25:3389-3402, 1997). When utilizing BLAST and Gapped BLAST programs, the
default parameters of the respective programs are employed. The percentage of
sequence identity is determined by comparing two optimally aligned sequences over a
comparison window, wherein the portion of the sequence in the comparison window
may comprise additions or deletions (i.e., gaps) as compared to the reference sequence
(which does not comprise additions or deletions) for optimal alignment of the two
sequences. The percentage is calculated by determining the number of positions at
which an identical nucleotide occurs in both sequences to yield the number of matched
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[ 0079] DNA fragnments encoding the effective si RNAs for each sialidase

gene (Neulg 53, Neu3-52) were cloned into the sk
ShRNA exprvgsgép%%%étor. After DNA sequenci ng confirmati on,é%qg}g?r%‘?sd

DNAs were transfected into HEK293 cells to produce | entivirus packed
wi th shRNA cassettes. After infection of suspension CHO hlFNy cells

with lentivirus containing shRNA cassettes and puronycin sel ection,

CHO hl FNy cells harboring shRNA cassettes for Neul, Neu2 and Neu3

ot oot Sosfton Gy BB s EERy MRS B R BES Kl S Aot PR R RS T S
7) . TheheRi#dmex pf exspansokranckdolplyoly the uésu|Neu10050) vieldshe percedtdgel of

Neul - shRNA cel IE% f.Fi gure 7A), about 50% knockdown wi th Neu2 (Neu2-S3)
in NeuZSYHEREE CENHY- (Figure 7B), and over 70% knockdown wi th Neu3

(Neu3- S2) i nodé3)3- shRiRe egthl ‘uckidadie réfers td AHREHLR GorHig own
effects were also confirmed at the protein | evel by neasuring _

si al i d&ieexyhnusiqofidgs opEbanycieptidssy dhe nypisatides Mayiogestanfard glcleotides
(non-t ebgehddY . ; ; i al : ial i :

S on {1 san Er e, ouaRGene TVARRARIARING, and Mo TR0 A0S 4,
Fi gur e raiclectide apgloggefeas toa inhglenbeshaing b RMdified putiree omsytrinidiaediase or

duction in siali tl Vi V. £.0081] T | t her. sh .
Lt ect armolfted s Poss ARy s Maidiuce FRAfo el B8 o Botiia] Siiiing AUPRB e
CHO- shli?bl@.,dadnéise)m’rcbl gmgamn?lmunl U'rrfng rafcldutiden Ndmltla?rting enargpmggaf 00

roteln . € na . re , CellS re 1 nocul .ate - ,
Perl o mnodicasfoas obihe sudi &t Tasliss phd Fu RS AHEonie safiign or
def i nedemdald Bf H84tyICHERONIMING GRSIpsS LABbRYTRAGESS, Waidoxdmeliyoh g ne.
The cell growth assay was set up in duplicate. C_el s were 'cultured in
5L bi orfwHERygrosps anethyh@ionpsoptasphont 9mypsoid dicd grouns. pewell as the

| oT St . .

ez HECUTEGh & HETareal i ol Renir b caR i cloms (5 7,
shRNAs deegapiuviees). MUaentide aneldgsgiswminbluds didaepamedieptides & -asmettal get

ShRNA I i Q) W2 i.on of. | asured
si ng aeiendss foce TR fh magA BRI Ruteis BT PNAR A e BRig0S
shown iTnemgleatiddd maydrelinkedtbyeptadsBhagie steg ashiogphathitiate hedpinsraimidite, or
production as co regpt the nontarget control cells. In fact,

hi gher Hhﬁgm%ma'laﬂﬁ% OPaRIy protein were produced by sone of the

si al i dase sidi¢a|t ar getmalidzebsSared dfoliplof ﬁgﬁh } i
250-m shaker _f_[]asks (datc%gn%tsa g%ogmﬂlr?%_].goBé(anpl%§%wgﬁagﬁgﬁﬂgﬁg?#g§l%%f
Neu Geresnipglsdrliccacidyspidissdiam glycogeniugaies cush @sglygapeotaiwisd Sialideses .

0083 fSlald C acidoVer Y AERd
brot o 1 5P 6RL ST BoFhabLra SRIGSR, Pl st Sl S LRt
shRNA cont r 006521 | s. Bfentininedlicingselapieats aidhe possentrwvedtidm amthblpreferred

Db St k5ot 4 SREREY e IATE i s reBRbLa mBER RS
2009/ 049c184PEBNEIS2 00 @F AEdelements. The terms "comprising", "including” and
"having" are intended to be inclusive and mean that there may be additional elements
other than the listed elements.
[0066] Having described the invention in detail, it will be apparent that
modifications and variations are possible without departing from the scope of the

invention defined in the appended claims.
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20% . Human interferon gamma proteins were purified fromcell culture
super nat a ynoaffinity purification. Briefly, <
centri fuggétvlﬁoﬁ an iltration to renove cell debris, 3 @%’?08@7%%
protein sanple was | oaded on an affinity colum conjugated with hlFNy
anti body. After washing the columm, hIFNy protein was eluted with
elution buffer. Purification was carried out on an AKTA Explorer 100
chr omat ogr aphi ¢ system ( Arer sham Bi osci ences). The purified protein
was qu?[‘ﬁrAﬁnlpqe_'(Eéjy ELI SA as previously described. [0084] The

si al yl at urified hlFNy proteins were analyzed by HPLC

Briefly, 50[@ep7Af purThe éallomird\Ngxgmpesiare palnded tovdsmoyepiel frefedednd

Canp! 6 GHyRnG e enlier. #BH0G0 G Aortidy BBSE ol e et
filter afe asthnfues distissedrih &b fdﬁ’@hﬁ@seﬁ@rrﬁ:!l@é repr@aénd técwcglees;im@o@red by

deri vat| zed with a fluorogenic conpound 2-di am no-

(et hy|tBRQYERIESS e fvpsHen rsz/B) therRsRE iRl t%e/ lnupu@msw@secgf@kﬂboém% art

phase
Bt e TOVRF however, I Rl oraee o b e P RSB
Neu2 sHRNAadBD thelsmcmr@mmsni@rﬁhaharamhao;os@dfa‘r@r@ﬂitobtammltkemnsamgaet

o be SPEIATGRahera e ShRard e sTind (b Sudtlefs ARARRLF

(Neu2: skt 9h is@o b Intprppbtesial illesteative Apdolot tmlemyntMg senea-target: 1.600
0.090 prol sialic acid/pmol hlFNy, p = 0.0528, n=4). However, the
sialic acid content of hlFNy protein from Neu3 shRNA CHO cel |l s was

i ncr eagBhnaplan. fk@{aairdrVomaaﬁrdnwsiahd%et@éﬁbg‘ incoHEooEnL! cells
(Neud: 2.133 0.101 ppol sialic aci d/&) } hl ENy vs. non-target: 600
el

0.090 pnol 98 c aci bppyrelidaseaEnes ( .NeuZn Neuz) and blegé) mvaie@enls
t here t i a W I

Fr om N D ERRR S TREBHATER hPhart Dt Bhd P sy sl R PCUEE
enhancglifiérantereynepadiiviies, gubstatepreigrenets? acdisubeglbardocationd 8 To@als 0

e pribepRRyY GRS g dadtind Ea et o this PRI g, ©

pnol smicodeaalcglfoprasi'mb klaljases(i.enNeu2) (GedmerdMd, 18oodhebIGF prreb3si al i ¢

enhantRRRENTA Fioteth JERY e TRE PUTRas R BB S B PR RITEING PRI G41Qnd

Neu?2 s@@h@ﬁﬂﬁ@mblwewgﬁmﬁgg%@t t he down-regul ati on of sialidase
genes (Neu3 and Neu2b reduced overall sialidase activity and
A

consequent | Y0G88uced VRBYIRUECR.5/3sRACHE(rawid ampiifieatiopraiiofth ends), and
protei é}rs%%b%“r‘{i’ SRS binzr th?%ﬁi%h& s”é@éﬁe% ﬂ&@%@ ff'e@ltﬁ'ﬁa@ﬁed from
tar get gene si | encl ng uslng Interrerence platrormis an

ef fi ci &HOwals.t GHOrbleuWenpodﬁdaa prejeinopidyf Hl amino adihagsidisess bad GO s:

ot - e arrel arhbfRyt vith 27 IR0 Rl 8sbas K AGE 4 BRERE s hgt,

non- cytmﬁmmmpﬂse@kediwsme atpls(eu@aigem inQGHD &gtﬁmelote (;ﬂfl\:jdmeand rl\leus sréaé'gd
non-cyt o QSIaI is (a) at ast abou identical to

| D NO: %‘gq‘a 8?"“%‘&’”*&&' re%?é’tnt%{Béﬁ TW%%Q@%E#)SEQ | D NO: 4. 2.
The cell line of claim1, wherein the am no acid sequence of the
non-cyt oplasm c siali dase is (a) at |east about 97% identical to SEQ
| D No: 2, alabled. (haragterigtiesiof Piaydagesdakii@dtellso SEQ 1D NO 4. 3.
The cell [line of clalm 1cDiNder ei n SER IRNGI0 | aciprotaiguentc SED 1D INO:
non- cyt oflNani c si al | dagd68dpsi st s of 1ISEQ | D NOID amd/ of SEQZ D NO:| 4.
4. The cglNed3 ne of ¢l anggd ppwherein he expres.».sﬂogaof [ he nuclerc
aci d sequence encoding tne non cytopliasmc sialidase 1S di srupted by
a technique selected fromthe group consisting of RNA interference,
honol ogous reconbi nati on, and site-specific reconbination.
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5. The cell line of claim4, wherein RNA interference (RNAI) is

_rredi at ed_ WO%W 4 agent sel ected fromthe group conmﬁw&g fﬁsgort

interfering short hairpin RNA and an RNAI expression vecto

6. The cell line of claim1, wherein the cell line is selected from

t he group consisting of an insect cell line, a manmalian cell line, a
rodent cell line, a non-human primate cell line, and a human cel

line. 7. The cell line of claim1, wherein the cell line is a Chinese
hanster ovary (CHO cell line. 8 The cell line of claim7, wherein

the am no acid sequence of the non-cytoplasm c sialidase consists of
SEQ | D NO Palded. dfer6&Q SidilbkiyBetwBen Siwdidasé Proteing. of claim 1, further
conpri si ngrqﬂ_ga @b‘qu expr essHamaf a chrondgouse |y i 1%&% g&ﬁd nucI gi c

acid seque a cysipdased ¢ Si al Silidsehe a
sequence T theyegept opI asmc sialidase Is at_Ieast abput 85% I denti gal

to SEQ IO I\@E‘Q IBRo:Bhe|cel | 86i8% of dl ai m BA%nereip the98@%ho acild
sequence O &gt oprasmcsiar rdase [consi sts of  SE

7ei® [
sequence Li.@i%. N, 2, oraont o siataboet oodior wf‘idngi”ﬁi’“ 2l
t echni que s ﬁ&\%ﬁlﬁiﬂ? t he g6@¥%p consistingl.o%e RNA | nt er Baraghce,

honol ogous of—and-site-specificreconbination—12—The

cell line of claim1l, wherein RNA interference (RNAi) is nediated by

an RNAIE;agfple zsed:ﬂetnéui l:aﬁmmh@ NE BreCSRRaEEd10 Of short interfering
RNA, a short _hairpin RNA, and an RNAi expression vector. 13. The cell

line of clail@@®] wher Enaymaiic galidaseiasdvitsstydies stase perf@rm@qh@ eprdicp that
t |

ol | ihefreingRolBs 6F indse to A pofbd RAVR b biEbled 1iiqrd if BR5bgs.

The ceIBnafIynkBecﬁodMQmegw@s foltbe Nau it (SEQ ) NQ:i hand Hea3 @E@d@d\lﬁaﬁst er

owery ST el as M oging ot hei 8o fabrdfeu i SiF st aa,
5 15 tomovsmmp e 2 oot ot oo
e oo The Expieso OB AHS TP OB e ehits COST 9l apt ed

expr es de@F)a)@Fes%tthb%?a?ﬂEaQé‘Brcﬁé]h@ NMyREFBDNAI. NEEHASIBAe Wé%'a%c?tré‘f‘r'éfécted
sequence encodi ng a non-cytoplasm c sialidase, the amno acid

sequend@odtOPheehivas Hia r@pplatrﬁﬂ%fegmcm i A SEDTESSIDA LORSIrUCE SOPtaiHREIOreBH %

| denti Cﬂ%gréf% aﬁel n%%P&%g/ c%'frafw?f)ac E &0 ihBaRk @%’Péel%qg’dofrg‘u?%eﬁﬁl to

SEQ ID el'n has 1 ncreased si al
r el at i Mkanstectios efficimcg. control. 17. The nethod of claim 16, wherein

o e il AR RSN IRh b e kst o,

90% i deohlcatibn.t DThSEQ) HEbMNOVEs removed by centrifugation at 1000 x g for 10 min at 4°C
and the supernatant factions were collected for enzymatic activity. The sialidase assay
was performed as previously described (Gramer et al. (1993) Biotechnol Prog 9: 366-
373) using 1 mM of 4-methylumbelliferone-NeuSAc as substrate. For each iysate, 100
Mg of protein was used in the assay. The assay was performed in triplicate. After
normalization with the GFP readings, the CHO Neu1 and Neu3 proteins had significant
sialidase activities (Figure 1) as compared to the negative control (mock transfection)
and the positive control (Neu2). In fact, the Neu3 protein had more than approximately
B-15 times as much activity as Neu2.

24



18. The method of claim 16, wherein the am no acid sequence of the
non- cyt opl i dase consists of SEQ ID NO 2 and/ ¢JeyrkSh 4.
19. The mﬁﬁ’o ®o('1§§2§+ aim 16, wherein the expression of the nuc‘{sggdg@
aci d sequence encodi ng the non-cytoplasm c sialidase is disrupted by
a technique selected fromthe group consisting of RNA interference,
honol ogous reconbi nati on, and site-specific reconbination. 20. The
met hod of claim 19, wherein RNA interference (RNAi) is nediated by an
RNAI agent ted f i Qg
RNA, o chor SO0 pin TR SXEiHER FRNEEh) B Ghe ShRdcd AHRIACIAS

nmet hod Sjalidtarsmassa}ﬁwas\,perfenmed inghe tpoemnceaxﬁtwb didigerant c@lidaswhhitgioth e

et hoo Qb e PERZRTS Al v CrERhEoonse AT PUTPTRE glepopcaen

consi Sthaﬁﬂgr@étearhhlkﬂ bff@xﬁ‘a tharpNEBHR@EbHH @mtrﬁ?@é|bl,|da’$el%0 CHIJ Ne@3 as an
non- human rlmate cell, and a human cell The nmet hod of c¢laim 16,

wher ei P@APIBA-T MM “@Uéﬁpa%ée%ﬁﬁ%@he&ﬁéwy abpiey30%apnd OsymMp e

met hod r@éuﬁc@'eﬁ‘rg&céﬁﬂﬁé%bw%@oo%%@ ». Ao TR RGO Ihal e newly
non-cyt opl asm ¢ si al i dase consists o SEQ I D NO 2 and/or SEQ I D NG 4.
25. Theddenrtified CHHP genes fiNes], anddiewd) core fereidlidages.her conpri ses

di srupted expression of a chronosonally integrated nucleic acid
sequence encodi ng a cytoplasm c sialidase, the am no acid sequence of
t he cytExdraplei 3 SubtelildaelocaligatioaasfiClHO®BInII@a86s.dentical to SEQ I D

NO 5. 26. T thod of . ¢l th d f
the eyt opl adiis ai i daderiihbEauotaRigutod an @b e Mg P M SRiEs3¢
cl ai m ZmmuMdRyRicRemiReryexY €650eA &fanhh‘? Mlé:?ds%bﬁy @édhdoﬁ)ggwmc@erformed

encodi n the cytoplasmc si al idase is disrupted 5atech|que

sel ect edi&flyotetfHad @ﬁ%%@d’iﬂsﬁ §ﬂ'l"?fga@fj r?@{mﬁi’%&[@ﬁf@ PRE W%cﬁm%'aﬁ)sthe
feCO”b'%hU%Ne%@lgﬁNéAéslﬁ’onrf wlts tb%ggil\%!s) 3 a%sﬁgr&&héo%efﬂag-

claim 27, wherein erference | ate y an
agent Jaggsst eehstiuoin were teprsigsterbingd €OSTocadls. Jwenty-fowr bobrsraftey RNA, a

short j I e met hod of
claim @ns\%@?%@fgg&é@ﬁ %g@%@@?@@'ﬁ?@ﬁgﬁﬁ%& BF %Sup%na sting of
an insect c¢0074]a nanmé results @ré presentediantFiguet |3, %ermibcbmntamlopaﬁiormtrﬁ
cell, da unan_ ce d of claim 25 ei he cell
e & cinRsBUHR B taiRy oy AT TLordbeehoR aenaRt OB ed TEm 30,
wher ei eonfigatdd &ti-ECAG HRIBUENCENO frahSecizaceny Wepd apBlidinfndbtaifswith
consists of SEQID NGO 2 and/or SEQ ID NO 4. 32. An isolated nucleic

acid erRganelg Hakers; gdprasamahmsskerdhysa) ragher IO Ehieh issndicatestbydhe
I D NO Ze8%useQetRNAdta plasma membrane marker (wheat germ agglutinin 847), which is
indicated by the blue signal in the Figure 3. This study revealed that Neu1 localized to
lysosomes; its pattern of stain was nearly identical to that of the lysosomal marker.
Neu3 localized to the plasma membrane, in a manner similar to that of the plasma
membrane marker. Further, Neu2, the positive control, displayed cytoplasmic staining,

as expected.

Example 4. Gene Silencing Using siRNA Technology.

[0075] The expression of each of the three CHO sialidase genes was
knocked down using small interfering RNA (siRNA) technologies. Based on the cDNA
sequences, several siRNAs against the CHO sialidase genes (Neu1, Neu2, and Neu3)
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Sequenceli sting_ST25 SEQUENCE LI STI NG <110> SI GVA- ALDRI CH CO. ZHANG,
M n RGCSS, 0> COVPCSI TI ONS AND METHODS FOR | VP _
G_YCODROTE%%E@P&‘E%QA)TI ON <130> 47497- 129808 <150> US 6%@?%§@79<6?L’51>
2007-10-12 <160> 19 <170> Patentln version 3.5 <210> 1 <211> 1463
<212> DNA <213> Cricetulus griseus <400> 1 ggggcgagca at ggtggcgg

cagcacagcc gagcagaccc cgggggccgc cgagcgget g60 ggcgagccgt cggggt cagg
tgct cgcage getcttcctg ctgetggegt ccgt ggcgggl20 at ccgaggcc agggt gcaag

acgact tgag JelHabUs, R iRehAA 8P £+ HRAIRAIE D uences are presented in Table

3. These siRNAs were transfected into a CHO cell line stably expressing human

interferon gamma (CHO-hIFNy). The transfections were performed in duplicate. Forty-
eight hours after transfection, the cells were harvested. RNA and protein were isolated
from the transfected cells. Reverse transcription polymerase chain reaction, (RT-PCR)

and quantitative RT-PCR (Q-RT-PCR) using gene-specific primers were performed

using standard procedures.

Table 3. siRNA Sequences.

Gene siRNA Nucleotide sequence (5’-3°)* SEQ ID NO

Neut S2-sense GGGUGCAAGACGACUUCAGH 6
S2-antisense | CUGAAGUCGUCUUGCACCCHt 7
S3-sense UGGGACGCUGGAACGAGAULt 8
S3-antisense | AUCUCGUUCCAGCGUCCCAL 9
S4-sense GGACACUACGCGUCAUCUGH 10
S4-antisense | CAGAUGACGCGUAGUGUCCIHt 11

Neu2 S2-sense CCUGGGUGUGUACCUCAAULt 12
S2-antisense | AUUGAGGUACACACCCAGGHt 13
S3-sense GACGGAUGAGCAUGCAGAULt 14
83-antisense | AUCUGCAUGCUCAUCCGUCIHt 15

Neu3d S1-sense GGGACCACCUACCGGAUUCH 16
S1-antisense | GAAUCCGGUAGGUGGUCCCHt 17
S2-sense GUACCAGCCGUGUGUUACULt 18
S2-antisense | AGUAACACACGGCUGGUACH 19

* Upper case letters denote the 19 nt siRNA sequence and lower case letters denote the 3’ overhang.

[0076] As shown in Figure 4, RT-PCR analysis showed that at least two of
each set of siRNAs were able to reduce the mRNA expression of each gene. Neu1-S2,
Neu1-S3, and Neu1-54 reduced the expression of Neu1 mRNA, Neu2-S2 and Neu2-S3
reduced the expression of Neu2 mRNA, and Neu3-S1 and Neu3-S2 reduced the
expression of Neu3 mRNA. Quantitative-reverse transcriptase (Q-RT) PCR analysis
indicated that siRNAs against CHO sialidase genes significantly reduced mRNA
expression levels (i.e., ~ 70% - 95%) compared to a control siRNA targeting an
unrelated nucleic acid sequence (the GFP nucleic acid sequence) (Figure 5). Neu1
mRNA expression was reduced approximately 90% (Figure 5A); Neu2 mRNA
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gctgct gt gg gt gagcggga ggcagat cgg ctcggtggac actttccgca tcccgcetcat 240

caccyccactypGhhagagsa cgctcctcge cttcgecgag gecaggaaaa ggqhabog %
cgat gagggg gccaagttca tcgccat gag gaggt ccacg gaccagggta gtacatggtc

ctcgacagcc ttcatcgtag acgatgggga ggcctccgac gggctgaacc tgggggccgt 420
ggt gaacgac gtggacacag gggtggtgtt ccttatctat accctgtgtg ctcacaaggt480
caactgccag gtggcctcca ccatgttggt gtggagtaaa gacgatggca tttcctggag540
cccaccccgg aatctctccg tggacattgg cacagaaatg tttgcccctg gaccaggctc600

tggcatt ) 0
gor ggaseoeSRade PR BHBEbAPAT s AR AP EEE i adl MR SRaRRAER TS,
cgggactrgdacest afagt §§8a(Rigured)cgg ccagcccaaa cacgagcacg atttcaaccc780
cgacgagt gc ctacg..a ctctgtc atca ccc aacca840
gaacaact ac i@@f@ccgctT gﬁéb’ﬁ 8?%@%&%{%'@ F‘QB&?@&%&*&’[ i%‘feg

caggccaididage befiagetbal AR (ReReAeC NABERIACHT-hINOEaS v@@ﬁ%@g BaER00
attagccacc agctc l?gca ttgtcttctt ctccaatcca gcccatcctg agttccgagt 1020

gaacct dA0A elegeigehdringsiancaaal-eqgpenat Feetoriiagadus it 3N 0e ca1080

57,9 ShsunicancioQuR phA6R JRBAEHAEN, HLAGRER ROS IMBRINIAY
CHO-hIFNy cells. To investigate the potential synergistic gene silencing effects, each
Neu gene was silenced individually and in combination (i.e., two or three genes were
silenced). Seventy-two hours after transfection, the cells were harvested and washed
with pre-chilled 1X PBS buffer. Total RNA and protein were separately isolated from
the siRNA-transfected celis. Total RNA was used for reverse transcription (and Q-RT
PCR) as described above. Protein was used for in vitro sialidase activity assays, as
detailed in Example 2. Individual siRNA and siRNA combinations all significantly
reduced the sialidase enzymatic activity compared to the controls (parental CHO-hIFNy
cells and GFP siRNA transfected cells) (Figure 6). Most interestingly, the combination
of siRNAs against Neu1 and Neu3 dramatically reduced sialidase activity to an

undetectable level.

Example 5. Stable Gene Silencing Using shRNA Technology.

[0078] Based on the results in Example 4 showing that Neu mRNA and
sialidase activity could be knocked down using siRNAs, Neu gene expression was
stably knocked down in CHO hIFNy cells using a shRNA technology platform (Mission:
RNAI"™, Sigma Aldrich, St. Louis, MO).

[0079] DNA fragments encoding the effective siRNAs for each sialidase
gene (Neu1-S4, Neu2-S3, Neu3-8S2) were cloned into the pLKO.1-puro shRNA
expression vector. After DNA sequencing confirmation, plasmid DNAs were transfected
into HEK293 cells to produce lentivirus packed with shRNA cassettes. After infection of
suspension CHO-hIFNy cells with lentivirus containing shRNA cassettes and puromycin
selection, CHO-hIFNy cells harboring shRNA cassettes for Neu1, Neu2 and Neu3
genes were obtained. Q-RT PCR was performed to confirm gene-silencing effects at
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gagcatctcc atggtgaaaa tcagtgtcta cggcacgctc tgagccccac cggcgcccaal2e0

ggacact acoweShfalskpa cctcacggcet ctctcgaggg gect gcagaaa (qaeshiadids20
cacagctctt cctcgggatg ctagcctttt gcagagcagt ttctctttaa cagggaagccl380

Page 1 Sequencelisting ST25 actccgttag gacctaacag ctgcccagct
gcctctccca gacaggaagt tcctccctcald4d40 ccaagagcac tttgtagaag gct 1463
<210> 2 <211> 410 <212> PRT <213> Cricetulus griseus <400> 2 Met Val
Ala Ala Ala Gn Pro Ser Arg Pro Arg Ay Pro Pro Ser Ay 151015 Trp

Al a Serh&igefoBmBNA Figuréd). bRl ARRA LRSIk W BHNERY (REEPEY)
was over 95% in Neu1-shRNA cells (Figure 7A), about 50% knockdown with Neu2
(Neu2-83) in Neu2-shRNA celis (Figure 7B), and over 70% knockdown with Neu3
(Neu3-S2) in Neu3-shRNA cells (Figure 7C).

[0080] Gene knockdown effects were also confirmed at the protein level by
measuring sialidase activity as detailed above. Compared to the control (non-target
shRNA), the shRNAs against all three sialidase genes significantly reduced the
sialidase activity in CHO-hIFNy cells (see Figure 8). The cells harboring Neu3-S2
shRNA had the most dramatic reduction in sialidase activity.

[0081] To evaluate whether shRNAs affected cell growth and/or protein
production, the growth of these CHO-shRNA cells and their production of human
interferon gamma protein were analyzed. Briefly, cells were inoculated at ~ 200,000
cells/ml viable cell density in the culture medium (chemically defined and animal-
component free) supplemented with 4 mM glutamine. The cell growth assay was set up
in duplicate. Cells were cultured in 5L bioreactors at 37°C, with 5% CO.. At
appropriate time points, samples of media were collected for protein analysis.

[0082] The 5L bioreactor cell growth data indicated that none of the
shRNAs negatively affected cell growth as compared to the non-target shRNA control
cells (Figure 9). Production of human IFNy was measured using an ELISA kit for
human IFNy (eBioscience, San Diego, CA). As shown in Figure 10, none of the
shRNAs negatively affected protein production as compared to the nontarget control
cells. [n fact, higher levels of human IFNy protein were produced by some of the
sialidase shRNA targeted cells. Similar results were obtained using 250-ml shaker
flasks (data not shown).

Example 6. Silencing of CHO Neu Genes Produces Glycoproteins With Increased
Sialic Acid Content.

[0083] The levels of sialic acid were analyzed by HPLC in human [FNy
protein produced by the sialidase shRNA targeted cells and non-target shRNA control
cells. Spent media samples were collected from 5L bioreactor cultures at stationary
phase (day 6, cell viability around 95%) and death phase (day 13, cell viability around
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Ala Ser Val Ala Gy Ser Au Ala Arg Val @n Asp Asp Phe Ser Leu

354045 Valwgzgﬂglfﬁgﬁskeu Val Thr met GQu Gn Leu Leu Trp, \‘,‘E}‘I/Us?ﬁém Y5
Arg 505560 Gn Ile @y Ser Val Asp Thr Phe Arg Ile Pro Le ? 7

Ala Thr 65707580 Pro Arg Gy Thr Leu Leu Ala Phe Ala Qu Ala Arg Lys
Thr Ser Ala 859095 Ser Asp Gu Gy Ala Lys Phe Ile Ala Met Arg Arg

Ser Thr Asp G n 100105110 Gy Ser Thr Trp Ser Ser Thr Ala Phe Ile Val
Asp Asp Ay Gu Ala 115120125 Ser Asp Ay Leu ASn Leu Ay Al a VaI VaI

sen s L)s e L"“e%%”é%ﬁ*'@%é@sﬁg&% B e

Trp Serbyigenuegafiasly parification. Srieflyr gfter centrifugation and filtration to remove cell
debris, 30 ml of a protein sample was loaded on an affinity column conjugated with
hIFNy antibody. After washing the column, hIFNy protein was eluted with elution buffer.
Purification was carried out on an AKTA Explorer 100 chromatographic system
(Amersham Biosciences). The purified protein was quantified by ELISA as previously
described.

[0084] The sialylation of purified hIFNy proteins were analyzed by HPLC.
Briefly, 50 ug of purified hIFNy protein sample was Iyophilized and resuspended in 100
1! of ultrapure water with 2N acetic acid. The sample was hydrolyzed at 80°C for 3
hours. Then the sample was filtered and speed-vac dried. Released sialic acid
residues were derivatized with a fluorogenic compound, 1,2-diamino-4,5-
(methylenedioxy)benzene (DMB), followed by HPLC using C18 reverse phase column.

[0085] The data are presented in Figure 11. On day 6, the levels of sialic
acid in hIFNy protein produced by Neu1 and Neu2 shRNA CHO cells were not
significantly different from non-target shRNA control (Fig. 11A). Although the level of
sialic acid appeared to be slightly higher in Neu2 shRNA cells, it was not significant
(Neu2: 1.945 + 0.111 pmol sialic acid/pmol hIFNy vs. non-target: 1.600 + 0.090 pmol
sialic acid/pmol hiFNy, p = 0.0528, n=4). However, the sialic acid content of hIFNy
protein from Neu3 shRNA CHO cells was increased significantly comparing to protein
from control cells (Neu3: 2.133 + 0.101 pmol sialic acid/pmol hIFNy vs. non-target:
1.600 + 0.090 pmol sialic acid/pmol hIFNy, p < 0.01, n = 4).

[0086] On day 13, there was no obvious improvement of sialylation with
hIFNy produced from Neu1 shRNA CHO cells. However, the levels of sialic acid were
enhanced in hiIFNy protein produced by Neu2 cells (Neu2: 4.948 + 0.150 pmol sialic
acid/pmol hIFNy vs, non-target: 4.113 + 0.113 pmol sialic acid/pmol hIFNy, p < 0.01,
n=4) and Neu3 cells (Neu3: 5.175 + 0.414 pmol sialic acid/pmol hIFNy vs, non-target:
4.113 + 0.113 pmol sialic acid/pmol hIFNy, p < 0.05, n=4) (Fig. 11B). The sialylation
enhancement of human interferon gamma protein produced from Neu3 and Neu?2

shRNA CHO cells indicates that the down-regulation of sialidase genes (Neu3 and
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165170175 ser Pro Pro Arg Asn Leu Ser Val Asp Ile Gy Thr du Met Phe

Al a
Lys
Ay
Hi s
Pro
Cys
Arg

180185¢/8Q0fiQe4y Pro Ay Ser Ay Ile Gn Lys Gn /i!’c&/[@zbhs}ﬁmgs“rg
Ay 195200205 Arg Leu Ile Val Cys Ay H's Gy Thr Leu Asp

Val Phe 210215220 Sequencelisting_ST25 Cys Leu Leu Ser Asp Asp

Gy Ala Ser Trp Hs Tyr Gy Thr dy 225230235240 Val Ser Gy lle
Phe Gy G@n Pro Lys Hs GQu H s ASp Phe Asn 245250255 Pro Asp G u
A@n Pro Tyr Qu Leu Pro Asp Ay Ser Val Ile Ile 260265270 Asn Al a

ASTNERZ) réSitetSovelal sibfidasErithBary Sorf¥edubhtfy NBLIcehe2€vd8 37 8alic

acid in recombinant proteins produced by CHO cells. These examples demonstrate
that targeted gene silencing using an RNA interference platform is an efficient way to

improve protein glycosylation.

30



Arg

Ser Tyr Asp Ala Cys Asp Thr Leu Arg Pro Arg Asp Val Thr Phe

290295300 Asp Pro Qu Leu Val Asp Pro Val Val Ala Ala Ay Ala Leu Ala

Thr
du
Thr
Ay
Adn
Adn
Ay

305310315320 ser Ser Ay Ile vVal Phe Phe ser Asn Pro Ala H's Pro

Phe Arg 325330335 val Asn Leu Thr Leu Arg Trp Ser Phe ser Asn Gy
Ser Trp G n 340345350 Lys Gu Arg val G n Val Trp Pro Ay Pro Ser
Tyr ser Ser_ Leu 355360365 Thr Ala Leu Qu Asn Ser Thr Gu Gy Qu
d NVWUSF’i"@'“@d]'q_eu 370375380 Phe val Leu Tyr Qu Lys Ay Leu Asn
Tyr Thr Qu Ser Ile Ser 385390395400 Met val Lys Ile Ser Val Tyr

Thr Leu 405410 <210> 3

1. Acellline, the cell line comprising disrupted expression of at least one

chromosomally integrated nucleic acid sequence encoding a non-cytoplasmic
sialidase, the amino acid sequence of the non-cytoplasmic sialidase is (a) at
least about 95% identical to SEQ ID NO:2, and/or (b) at least about 80% identical
to SEQ ID NO:4.

2.  The cell line of claim 1, wherein the amino acid sequence of the non-cytoplasmic
sialidase is (a) at least about 97% identical to SEQ ID NO:2, and/or (b) at least
about 90% identical to SEQ ID NO:4.

3. Thecell Irine of claim 1, wherein the amino acid sequence of the non-cytoplasmic
sialidase consists of SEQ ID NO:2 and/or SEQ |D NO:4.

4. The cell line of claim 1, wherein the expression of the nucleic acid sequence
encoding the non-cytoplasmic sialidase is disrupted by a technique selected from
the group consisting of RNA interference, homologous recombination, and site-

specific recombination.

5. The cell line of claim 4, wherein RNA interference (RNAI) is mediated by an RNAI
agent selected from the group consisting of short interfering RNA, a short hairpin

RNA, and an RNAI expression vector.

6. The cell line of claim 1, wherein the cell line is selected from the group consisting
of an insect cell line, a mammalian cell line, a rodent cell line, a non-human

primate cell line, and a human cell line.

7. The cellline of claim 1, wherein the cell line is a Chinese hamster ovary (CHO)

cell line.

8. The cell line of claim 7, wherein the amino acid sequence of the non-cytoplasmic
sialidase consists of SEQ ID NO:2 and/or SEQ ID NO:4.
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<211> 1833
cagagttgtc
gt ggcgt cac
aggcgagggg
cagagaagcg
gattccagcg

gagagct

dag

10.

1.

12.

13.

14.

15.

16.

<212> DNA <213> Cricetulus griseus <400> 3 gcgcgtgggc

cgccccagcec cactagagcc gcaggaacac ccacaccttc cctggtgcetc

agggtctgtc cttctgcagg gaagtcatgg cagaaaggga ctggcctttg

ttcagcacgg tccgcgtcag tcctcctccg aagaagtatc ccacctaccg
t gat gaaggg cgcggtctct tggtttccgt agacctcaag agcctgctcc
ttcctcaagc ccactctgta Page 3 ctttcctgec ctcecgettcc

dhesgl dige of claiotic futher sanpaisigyatisryptgdogrypyession of a

chromosomally integrated nucleic acid sequence encoding a cytoplasmic
sialidase, the amino acid sequence of the cytoplasmic sialidase is at least about
85% identical to SEQ ID NQ:5.

The cell line of claim 9, wherein the amino acid sequence of the cytoplasmic
sialidase consists of SEQ ID NO:5.

The cell line of claim 9, wherein the expression of the nucleic acid sequence
encoding the cytoplasmic sialidase is disrupted by a technique selected from the
group consisting of RNA interference, homologous recombination, and site-

specific recombination.

The cell line of claim 11, wherein RNA interference (RNAI) is mediated by an
RNAi agent selected from the group consisting of short interfering RNA, a short
hairpin RNA, and an RNAI expression vector.

The cell line of claim 9, wherein the cell line is selected from the group consisting
of an insect cell line, a mammalian cell line, a rodent cell line, a non-human

primate cell line, and a human cell line.

The cell line of claim 9, wherein the cell line is a Chinese hamster ovary (CHO)
cell line.

The cell line of claim 14, wherein the amino acid sequence of the non-
cytoplasmic sialidase consists of SEQ ID NO:2 and/or SEQ ID NO:4.

A method for producing a glycoprotein, the method comprising expressing a
nucleic acid sequence encoding the glycoprotein in a cell comprising disrupted
expression of at [east one chromosomally integrated nucleic acid sequence
encoding a non-cytoplasmic sialidase, the amino acid sequence of the non-
cytoplasmic sialidase is (a) at least about 95% identical to SEQ ID NO:2, and/or
(b) at least about 80% identical to SEQ ID NO:4, wherein the glycoprotein has

increased sialylation relative to a suitable control.
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agct cct get
ccct gcagec
ccctgeect g
ctgtgcagtc
ct gcagt cag
acat ggcacc
cgagcagddt
atgccattct

tactcacatc gcatc

tctgatctgg
gaagact gca

t agggact.aa
gacaat gg@g

ggagtgttca
Cricet ul us
Ser Thr
I'le Pro

Val

20.

21.

22.

23.

24.

25.

26.

ctgcctccat aagccagaga ctctgttcca tccctcccag atgctctcca
Seguenceli sting_ST25 ctgggcatcg gaccat gaac
ctgtgtgcca gaccgtgtta atgccgecccg tctcetgettc
t gaggaggt ¢ attggctcag gcccaggcca tggcatccgg
caggttcctc tgcttcccgt acagtgatga cttaggagtc

tgtttttcat
aggact t gac
atttctcatg

gagt gcca agt ggcagaa gt gact ggga cccggacacc aaacagattc
33 ad of @katr*géﬁcwoareﬂagm amiopaid) sgauenseaofdbe songaag
GO SJRRR A1 BLAORRRRb LTR RO b

¢i)tdtdedst ghoat 9% ddadizabmoSBOQIBRNOI4L caagaggt ttt gagcet gt
agcccgat gg gt gaggaccc aactttcctc gaagact gca ctggccctag

B ehefph o B o g0y <t AR Rl beq b i terordte dovaaaa

atapRAAAE Bisfiddse cohbists 6f SELLP ND2 éﬁé@? SERY IFRIP2.
grl seus <400> 4 Mt Au GQu Val Ser Ala Cys Ser Leu Asn
n 15GuH|anLsG Thr Thr Tyr Arg
?C_?Ead%fz'a zwb%%n Bleoemrgssig o nHfeipAgdiSegUANGe

Phe ﬁls g g ;eh%?jd'ﬁ? %eﬁ%n-ﬁbpﬁ%h@@éﬁé&se |§%‘1‘\8}9ﬁéﬁ'-|\t/ifé @gé%&éﬁeoﬂ‘%}m

s Leu Val Leu Arg Arg 4
the group consisting of RNA mterference homologous recomblnatlon and site-

specific recombination.

The method of claim 19, wherein RNA interference (RNAI) is mediated by an
RNAi agent selected from the group consisting of short interfering RNA, a short

hairpin RNA, and an RNAi expression vector.

The method of claim 186, wherein the nucleic acid sequence encoding the

glycoprotein is chromosomally integrated or extrachromosomal.

The method of claim 16, wherein the cell is selected from the group consisting of
an insect cell, a mammalian cell, a rodent cell, a non-human primate cell, and a

human cell.
The method of claim 16, wherein the cell is a Chinese hamster ovary (CHO) cell.

The method of claim 23, wherein the amino acid sequence of the non-
cytoplasmic sialidase consists of SEQ ID NO:2 and/or SEQ ID NO:4.

The method of claim 18, wherein the cell further comprises disrupted expression
of a chromosomally integrated nucleic acid sequence encoding a cytoplasmic
sialidase, the amino acid sequence of the cytoplasmic sialidase is at least about
85% identical to SEQ ID NO:5.

The method of claim 25, wherein the amino acid sequence of the cytoplasmic
sialidase consists of SEQ ID NQ:5.
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Gy Hs Ser Val Qu Trp Gy Pro Leu Gn Pro Leu Met Qu Ala Thr
65707580 Leu Pro Gy His Arg Thr Met ASn Pro Cys Pro Val Trp Qu Gn

Ser
Val

859095 Thr Ser Arg Val Leu Leu Phe Phe Ile Cys Val Pro Asp Arg
Thr 100105110 Gu His Trp Gn lle Arg Ser Ay Lys Asn Ala Ala Arg

Leu Cys Phe 115120125 Leu Cys Ser G n Asp Ala Ay Cys Ser Trp Ay GQu

Val

Trp

Lys Asp_Leu 130135140 Thr Gu Gu Val Ile GI%/ Ser u Leu Lys H's
Al a 2fhr Thréngthad pi stein 2Scwherejn thepxprepsgiormpl the niudlgig arideseaugnesu

O Ay phecseieg e RoppEmtoaaidEls ifuddl nj opBab¥iseRtieCifm:

Met

Il e Tyr gBeup cusistieg df &NASnjerfe@ience, homologous recombination, and site-

specific recombination.

28. The method of claim 27, wherein RNA interference (RNAI) is mediated by an
RNAI agent selected from the group consisting of short interfering RNA, a short

hairpin RNA, and an RNAi expression vector.

29. The method of claim 25, wherein the cell is selected from the group consisting of
an insect cell, a mammalian cell, a rodent cell, a non-human primate cell, and a

human cell.
30. The method of claim 25, wherein the cell is a Chinese hamster ovary (CHO) cell.

31. The method of claim 30, wherein the amino acid sequence of the non-
cytoplasmic sialidase consists of SEQ ID NO:2 and/or SEQ ID NO:4,

32. An isolated nucleic acid encoding a polypeptide whose amino acid sequence
consists of SEQ ID NO:2 or SEQ ID NO:4.
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195200205 Thr Trp His Hs Ay Lys Leulle Ay Pro G n Val

Cys 210215220 G n va

Tyr

Ala u Va
Cys 225230235240 Asn Ala Arg Thr

Thr Ay Thr Ser Gy Asn Leu Val
Pro Asn Arg Phe Arg Ala Qu Ser

Thr Ay Qu

Leu

Phe Ser Thr Asp 245250255 Tyr dagierR®pi&YyingPbe2sG n Lys Pro Thr Leu Asn
Il e Val

Thr
Ser
Lys
Leu

G n Leu Cys A u 260265RAENREOLIATGNGYr Ay Cys Gn Ay Ser
275280285 Met Pro Phe Ser G n Asp Pro lle Gy
‘G n 290295300 Lys Ser
dy 305310315320

COMPOSITIONS AND METHORS FOR IMPROVED GLYCOPROTEIN SIALYLATION
47497-129808

uUs 60/979,483
2007-10-12

PigoSt 180
G u Argo€3 uJghes Ay Val

<120>
<130>

<150>
<151>

<160>
<170>
<210> 1

<211> 1463
<212> DNA
<213>

<400> 1
ggggcgagca

ggcgagcegt

atccgaggcec

19

gctgetgtgg
caccgecace
cgatgagggg
ctcgacagece
ggtgaacgac
caactgccag
cccaccecgg
tggcattcag
gctggaacga
cgggactgga
cgacgagtgc
gaacaactac
caggccccgg
attagccacc
gaacctgacc
ggtgtggccyg
agagcagcag
gagcatctcc
ggacactacg

cacagctctt

atggtggcgg
cggggtcagg
agggtgcaag
gtgagcggga
cctcggggcea
gccaagttca
ttcatecgtag
gtggacacag
gtggccteca
aatctctecy
aaacagcggg
gatggagtct
gtgagcggea
cageccctacy
cattgecget
gatgtaacct
agctcaggca
ctgecgetgga
ggacccagey
cceceegeage
atggtgaaaa
cgtcatctga
cctcgggatg

PETRNES

PatentIn version 3.5

Cricetulus griseus

cagcacagcc
tgctcgeage
acgacttcag
ggcagatcgg
cgctectege
tcgecatgag
acgatgggga
gggtggtgtt
ccatgttggt
tggacattgg
agcctcggaa
tttgtctect
ttcccttegg
agcttccaga
gcaggatcgt
tcgaccccga
ttgtcttctt
gcttcagcaa
gctactecgte
tgttcgttct
tcagtgtcta
cctcacgget

ctagcctttt

gagcagaccc
gctcttcctg
tctggtgcag
ctcggtggac
cttcgccgag
gaggtccacg
ggcctccgac
ccttatctat
gtggagtaaa
cacagaaatg
gggccggetc
cagtgatgac
ccagcccaaa
tggctctgtc
ccteegeage
gctggtggac
ctccaatcca
cggtacgtcc
cctgactgec
gtacgagaag
cggcacgcetc
ctctcgaggg

gcagagcagt
Page 1

€gggggccge
ctgctggegt
ccgctagtaa
actttccgea
gccaggaaaa
gaccagggta
gggctgaacc
accctgtygtg
gacgataggca
tttgcccctg
attgtgtgtg
cacggtgect
cacgagcacg
atcatcaatg
tatgatgect
cctgtogatag
gccecatectg
tggcagaagg
ctggaaaaca
ggcetgaacc
tgagececac
gctgcagaaa

ttctctttaa

cgagcggetyg
ccgtggeggg
ccatggagcea
tccegetecat
cgtctgcctc
gtacatggtc
tgggggccgt
ctcacaaggt
tttcctggag
gaccaggctc
gccatgggac
cgtggcacta
atttcaaccc
cccggaacca
gcgataccct
cagcaggagc
agttccgagt
agagagtcca
gcacggaggg
agtacaccga
cggcgecccaa
gggcctgaag

cagggaagcc

Pro Leu Leu Asp Ser
seguenceli sting_ST25

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380

Phe



Arg Pro Ser Gy Thr Trp Leu Leu Tyr Ser His Pro Thr Ser Lys Lys
325330335 Arg Arg Ile Asn Leu Ay Ile Tyr Tyr Asn Arg Asn Pro Leu G u
Val 340345350 Thr Cys Trp Ser Arg Pro Trp Ile Leu Hs Cys Ay Pro cys
dy Tyr 355360365 Ser Asp Leu S%haeﬁ&luélalng&wsG uGn  dy Leu Phe Ala
Cys Leu Phe 370375380 Gu cys Ay Gn QQu Hs Gu Cys Au Gnlle Ala
Phe ACHCIETAPHRCIEHRIG039SL0PAASEr IVAICTEr ST BREROPARIY dhC ety s d WRsp
Cys TRhaddotaPr@rgigaRldy405410415 Asp <210> 5 <211> 379 <212> PfHEs3

213> Cricetulus griséus <400> 5 Met Ala Thr Cys Pro Val Leu G n Lys
GI u 1;95.0}63 Phe Gn Thr Ay

<211> 410

<212> PRT

<213> Cricetulus griseus

<400> 2

Met val Ala Ala Ala GIn Pro Ser Arg Pro Arg Gly Pro Pro Ser Gly
1 5 10 15

Trp Ala Ser Arg Arg Gly GIn val Leu Ala Ala Leu Phe Leu Leu Leu
20 25 30

Ala ser val Ala Gly Ser Glu Ala Arg val Gln Asp Asp Phe Ser Leu
35 40 45

val g.g)n Pro Leu val Thr Met Glu GIn Leu Leu Trp val Ser Gly Arg
55 60

GIn Ile Gly Ser val Asp Thr phe Arg Ile Pro Leu Ile Thr Ala Thr
65 70 75 80

Pro Arg Gly Thr ggu Leu Ala phe Ala Sgu Ala Arg Lys Thr Ser Ala
95

Ser Asp Glu Gly Ala Lys Phe ITe Ala Met Arg Arg Ser Thr Asp Gln
100 105 110

Gly Ser Thr Trp Ser Ser Thr Ala phe Ile val Asp Asp Gly Glu Ala
115 120 125

Ser Asp Gly Leu Asn Leu Gly Ala val val Asn Asp val asp Thr Gly

val val Phe Leu Ile Tyr Thr Leu Cys Ala His Lys val Asn Cys Gln
145 150 155 160

val Ala Ser Thr Met Leu val Trp Ser Lys Asp Asp Gly Ile Ser Trp
165 170 175

Ser Pro Pro Arg Asn Leu Ser val Asp Ile Gly Thr Glu Met pPhe Ala
180 185 190

Prg Gly Pro Gly Ser Gly Ile Gin Lys Gln Arg Glu Pro Arg Lys Gly
195 200 205

Arg Leu Ile val Cys Gly His Gly Thr Leu Glu Arg Asp Gly val prhe
210 215 220

Page 2



151015 Asp Tyr Ala Tyr Arg Ile Pro Ala Leu Ile Tyr Leu Ser Lys Gn
Lys 202530 Thr Leu Leu Ala Phe Ala Qu Lys Arg Leu Thr Lys Thr Asp
G u H's 354045 Ala Asp Leu Phe Val Leu Arg Arg Ay Ser Tyr Asn Al a
Asp Thr Hi s 505560 G n Val G rsefugndansiing_&25 Gu Val Val Thr Gn
Ala Tyr Leu Gu 65707580 Gy Hi's Agg Ser Met _Ser Pro Cys Pro Leu Tyr
Asp gg 'é“n'-e]*hrseﬁ\rﬁ%g%%sﬁry £ SBRel TPt P PRy ﬂ"ég%a Val Arg
Ay nille Ser Au H'S 100105110 Hi s n Leu Gn Thr y Val Asn Va
Thr Arg Leu Cys His Ile Thr 115120125 seguenceli sting_ST25 ser Thr
Asp Mg -‘Gf‘yG'I_By§1¢t‘§£gTPbe Sdy Gﬂlnaplvallz—ss/?WSAﬁbl lHae Aster gt;%ﬁsn

Pro Asp Glu Cys GIn Pro Tyr Glu Leu Pro Asp Gly Ser val Ile Ile
260 265 270

Asn Ala Arg Asn GIn Asn Asn Tyr His Cys Arg Cys Arg Ile val Leu
275 280 285

Arg Ser Tyr Asp Ala Cys Asp Thr Leu Arg Pro Arg Asp val Thr Phe
290 295 300

Asp Pro Glu lLeu val Asp Pro val val Ala Ala Gly Ala Leu Ala Thr
305 310 315 320

Ser Ser Gly Ile val Phe Phe Ser Asn Pro Ala His Pro Glu Phe Arg
325 330 335

val Asn Leu Thr Leu Arg Trp Ser Phe Ser Asn Gly Thr Ser Trp Gln
340 345 350

Lys Glu Arg val GIn val Trp Pro Gly Pro Ser Gly Tyr Ser Ser Leu
355 360 365

Thr Ala Leu Glu Asn Ser Thr Glu Gly Glu GIn GIn Pro Pro Gln Leu
370 375 380

Phe val Leu Tyr Glu Lys Gly Leu Asn GIn Tyr Thr Glu Ser Ile Ser
385 390 395 400

Met val Lys Ile Ser val Tyr Gly Thr Leu

405 410
<210> 3
<211> 1833
<212> DNA
<213> Cricetulus griseus
<400> 3
gcgegtggac gtggcgtcac ttcagcacgg cgcggtctct ctttectgec agetcetget 60
cagagttgtc agggtctgtc tccgcgtcag tggtitcegt ctecgettcce ctgectecat 120
cgccccagec cttctgcagg tecctcctccg agacctcaag gagagctcag aagccagaga 180
cactagagcc gaagtcatgg aagaagtatc agcctgctcc ctcaacagca ctctgtrceca 240
gcaggaacac cagaaaggga ccacctaccg gattccageg ctgctctaca tccctcccag 300
ccacaccttc ctggcctttg cagagaagcg ttcctcaage aaagacgtag atgctctcca 360
cctggtgctc aggcgagggg tgatgaaggg ccactctgta gagtggggac ccctgcagec 420
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130135140 Thr Thr

Ay
Leu
Al a
Ser
Cys
Leu
Ser
Lys

Ile Ay Ser Thr HHs Gn Asp Trp Ala Thr Phe dvy Val
145150155160 Pro Gy H's Cys Leu G n Leu Arg Asn Thr Ala Ay Ser

Leu Val 165170175 Pro Ala Tyr Ala Tyr Arg Lys Gn Pro Pro Ile H's
Pro Ala Pro 180185190 Ser ségaerrieei&yingPbe2sleu Ser H s Asp Hi s Ay
Thr Trp. A u Leu 195200205 Ay H s Phe Val Ser G n Asn Ser Lé Au
étﬁgwﬁawgcw% C%@ﬁ"ﬁzé‘?“(ﬁgﬁ%ﬁ CEEYPCAFEP EEP%AEYal va4| OTyr
@aata%cagé\rc@tgeg'ttﬁyStd:cwtec%@@é&%%gé& th Yo Brac@gai@attd N Al &4 n

Pro Asn Ser Ay Leu Asp G n 245250255 Asp Asn G n Val Val Ser
Lgéaga\réﬁgmsa%@apﬁloamgysg@cy b tF S 6DPEs g aggatgctgg 600
gtgctcatgg ggtgaagtga aggacttgac tgaggaggtc attggctcag agttgaagca 660
ctgggccaca tttgctgtgg gcccaggeca tggcatccgg ctgcagtcag gaaggctgat 720
cattcccacce tacgecctact atttcteatg caggitccte tgcttcccgt gttcagtcaa 780
gccccattcc ctgatgatct acagtgatga cttaggagte acatggcacc atggcaagcet 840
cattgggccc caggtgacag gggagtgcca agtggcagaa gtgactggga cgtctggtaa 900
ccttgtgetc tactgcaatg cccggacacc aaacagattc cgagcagaat cttttagtac 960
tgattacggt gactgttttc agaaaccaac cctgaacaca caactctgtg agccccgeta 1020
tggctgccaa ggeagtatag tgagcttcca geccttgaag atgccattct cacaagaccc 1080
aattggtaaa gctgctccca ctactcagaa gagccctctg ctggacagtt ttctggagceg 1140
ggaggaagga gttggaagac catcaggaac atggctctig tactcacatc caactagcaa 1200
gaagcggaga attaacctgg gcatctacta caaccggaac cccttggagyg tgaccigctg 1260
gtcccgecct tggatcttge actgtgggce ctgtggctac tctgatctogg ctgttgtgoa 1320
agagcagggc ttatttgcat gtttgtttga atgtgggcag gagcatgagt gtgagcagat 1380
tgcecttecgt ctattttcag tccaagaggt tttgagctgt gaagactgca ctggecctag 1440
tagggactaa agccaaatca agcccgatgg gtgaggacce aactttectc agaagtgaat 1500
tccaagaggt tttgagctgt gaagactgca ctggccctag tagggactaa agccaaatca 1560
agccegatygg gtgaggacce aactttcctc agaagtgaat ccaagagaaa tgtgtgectt 1620
atcttacaca gcaataaggg tgttgaactg ggagcttgga gacaatggtg tggtittgoc 1680
ttgctttagg actgtggata tatcccctga actctgggca tcaggtctcc atttgtaaaa 1740
tgacaagggt ggtttgtgat ttcttgtctt cccattaaaa ggagtgttca cttcttgtcc 1800
cacgaaaaaa aaaaaaaaaa aaaaaaaaaa aaa 1833
<210> 4
<211> 417
<212> PRT
<213> Cricetulus griseus

<400> 4

Met Glu Glu val Ser ala Cys Ser Leu Asn Ser
1 5

Glu His GIn Lys Gly Thr Thr Tyr Arg Ile Pro
25

20

Pro Pro Ser His Thr Phe Leu Ala Phe Ala Glu

40

Page 4

Thr Leu Phe GIn GIn

15

Ala Leu Leu Tyr Ile
30

Lys Arg Ser Ser Ser
45



Gy Ser Val Ile Ala Phe Pro Asn Pro Thr Ser Lys Ala Asp Ala Leu

275280285 Asp Val Trp Leu Leu Tyr Thr H's Pro Thr Asp Ser Arg Lys Arg
Thr 290295300 Asn Leu Gy Val Tyr Leu Asn G n Lys Pro Leu Asp Pro Thr
Thr Trp 305310315320 ser Al a I%reQua'ritreLlieunbesrr%I a Thr Ay Ile Cys Ala
Tyr Ser Asp u 325330335.G n net Gy Hs Ay _ Pro Asp Ay Ser Pro
G'n P A3y V& dsbet a3h6‘343§3§5‘€?”w? & S ey 68 G 1T v
Phe Leu t Phe Thr Leu 5360365 Lys G n a Phe Pro Ala Val Phe Gy

Ala G n 370375 <210> 6 <211> 21 <212> DNA
g}y His Ser val Glu ;gp Gly Pro Leu Gln ;Eo Leu Met Glu Ala Thr

Leu Pro Gly His grg Thr Met Asn Pro Cys Pro val Trp Glu Gln Ser
5 90 95

Thr ser Arg val Leu Leu Phe Phe Ile Cys val Pro Asp Arg val Thr
100 105 110

Glu His Trp Gln Ile Arg Ser Gly Lys Asn Ala Ala Arg Leu Cys Phe

Leu Cys Ser GIn Asp Ala Gly Cys Ser Trp Gly Glu val Lys Asp Leu
130 135 140

Thr GTu GTu val Ile Gly Ser Glu Leu Lys His Trp Ala Thr Phe Ala
145 150 155 160

val Gly Pro Gly His Gly Ile Arg Leu G1n Ser Gly Arg Leu Ile Ile
165 170 175

Pro Thr Tyr Ala Tyr Tyr Phe Ser Cys Arg Phe Leu Cys Phe Pro Cys
180 185 190

Ser val Lys Pro His Ser Leu Met Ile Tyr Ser Asp Asp Leu Gly val
195 200 205

Thr Trp His His Gly Lys Leu Ile Gly Pro Gln val Thr Gly Glu Cys
210 215 220

GIn val Ala Glu val Thr Gly Thr ser Gly Asn Leu val Leu Tyr Cys
225 230 235 240

Asn Ala Arg Thr Pro Asn Arg Phe Arg Ala Glu Ser Phe Ser Thr Asp
245 250 255

Tyr Gly Asp Cys Phe GIn Lys Pro Thr Leu Asn Thr Gln Leu Cys Glu
260 265 270

Pro Arg Tyr Gly Cys GIn Gly Ser Ile val Ser Phe GIn Pro Leu Lys
275 280 285

Met Pro Phe Ser Gln Asp Pro Ile Gly Lys Ala Ala Pro Thr Thr GIn
290 295 300

Lys Ser Pro Leu Leu Asp Ser Phe Leu Glu Arg Glu Glu Gly val Gly
305 310 315 320



<213> Cricetulus griseus Sequencelisting ST25 <400> 6 gggugcaaga
cgacuucagt t21 <210> 7 <211> 21 <212> DNA <213> Cricetulus griseus
<400> 7 cugaagucgu cuugcaccct t21 <210> 8 <211> 21 <212> DNA <213>

Cricetulus griseus <400> 8 uggpacgeieyigeiaggsmpsut t 21

Arg Pro Ser Gly Thr Trp Leu Leu Tyr Ser His Pro Thr Ser Lys Lys
325 330 335

Arg Arg Ile Asn Leu Gly Ile Tyr Tyr Asn Arg Asn Pro Leu Glu val
340 345 350

Thr Cys Trp Ser Arg Pro Trp Ile Leu His Cys Gly Pro Cys Gly Tyr
355 360 365

Ser Asp Leu Ala val val Glu Glu GIn Gly Leu Phe Ala Cys Leu Phe
370 375 380

Glu Cys Gly GIn Glu His Glu Cys Glu GIn ITe Ala Phe Arg Leu Phe
385 390 395 400

Ser val Gln Glu val Leu Ser Cys Glu Asp Cys Thr Gly Pro Ser Arg

405 410 415
Asp
<210> 5
<211> 379
<212> PRT

<213> Cricetulus griseus

<400> 5

Met Ala Thr Cys Pro val Leu GIn Lys Glu Thr Leu Phe GIn Thr Gly
1 5 10 15

Asp Tyr Ala Tyr Arg Ile Pro Ala Leu Ile Tyr Leu Ser Lys GIn Lys
20 25 30

Thr Leu Leu Ala Phe Ala Giu L%s Arg Leu Thr Lys Thr Asp Glu His
35 4 45

Ala Asp Leu Phe val Leu grg Arg Gly Ser Tyr Asn Ala Asp Thr His
50 5 60

GIn val GIn Trp GIn Ala Glu Glu val val Thr Gln Ala Tyr Leu Glu
65 70 75 80

Gly His Arg ser get Ser Pro Cys Pro Leu Tyr Asp Lys GIn Thr Arg
5 a0 a5

Thr Leu Phe Leu Phe Phe Ile Ala val Arg Gly Gln Ile Ser Glu His
100 105 110

His GIn Leu GIn Thr Gly val Asn val Thr Arg Leu Cys His Ile Thr
115 120 125
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<210> 9 <211> 21 <212> DNA <213> Cricetulus griseus <400> 9
aucucguucc agcgucccat t21 <210> 10 <211> 21 <212> DNA <213>
Cricetulus griseus <400> 10 ggacacuacg cgucaucugt t21 <210> 11 <211>
21 <212> DNA <213> Cri cet ul us yuseiesisdi®dg>siZb cagaugacgc guagugucct
t21 ézxoﬁrlesrzmiﬁmwggﬁ TmAsSeR 138 @&l gbg wsastey TBeusp<400> 12
ccugggu uaccucaaut t2132210> 13 <211> 21%<212> DNA <213>
Cricetulus griseus <400> 13

Thr Thr Ile Gly Ser Thr His Gln Asp Trp Ala Thr Phe Gly val Gly
145 150 155 160

Pro Gly His Cys Leu GIn Leu Arg Asn Thr Ala Gly Ser Leu Leu val
165 170 175

Pro Ala Tyr Ala Tyr Arg Lys Gin Pro Pro Ile His Ala Pro Ala Pro
180 185 190

Ser Ala Phe Cys Phe Leu Ser His Asp His Gly Ser Thr Trp Glu Leu
195 200 205

Gly His Phe val Ser Gln Asn Ser Leu Glu Cys Gin val Ala Glu val
210 215 220

Gly Thr Gly Ala Glu Arg val val Tyr Leu Asn Ala Arg Ser Cys Leu
225 230 235 240

Gly Ala Arg val Gln Ala Gln Ser Pro Asn Ser Gly Leu Asp Phe Gln
245 250 255

Asp Asn Gin val val Ser Lys Leu val Glu Pro Pro Lys Gly Cys His
260 265 270

Gly Ser val Ile Ala Phe Pro Asn Pro Thr Ser Lys Ala Asp Ala Leu
275 280 285

Asp val Trp Leu Leu Tyr Thr His Pro Thr Asp Ser Arg Lys Arg Thr
290 295 300

Asn Leu Gly val Tyr Leu Asn GIn Lys Pro Leu Asp Pro Thr Thr Trp
305 310 315 320

Ser Ala Pro Thr Leu Leu Ala Thr Gly ITe Cys Ala Tyr Ser Asp Leu
325 330 335

GIn Asn Met Gly His Gly Pro Asp Gly Ser Pro Gin Phe Gly Cys Leu

Tyr Glu Ser Asn Asn Tyr Glu Glu Ile val Phe Leu Met Phe Thr Leu
355 360 365

Lys GIn Ala Phe Pro Ala val Phe Gly Ala GlIn
370 375

<210> 6

<211> 21

<212> DNA

<213> Cricetulus griseus

Page 7



auugagguac acacccaggt t21 <210> 14 <211> 21 <212> DNA <213>
Cricetul us griseus Seguenceli sting_ST25

Cricz%géys gri seus <400> 16 gggaccaccu accggauuct t21 <210> 17 <211>
21 <

g

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

<400>

<400> 14 gacggaugag
caugcagaut t21 <210> 15 <211> 21 <212> DNA <213> Cri cetul
<400> 15 aucugcaugc ucauccguctsegldnce2i®eingosr2511> 21 <212> DNA <213>

Al3gugcetul us griseus <400> 17

7

21

DNA .
Cricetulus griseus

7

cugaagucgu cuugcaccct t

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

<400>

8

21

DNA .
Cricetulus griseus

8

ugggacgcug gaacgagaut t

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

<400>

9

21

DNA

Cricetulus griseus

9

aucucguucc agcgucccat t©

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

<400>

10
21
DNA
Cricetulus griseus

10

ggacacuacg cgucaucugt t

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

<400>

11
21
DNA
Cricetulus griseus

11

cagaugacgc guagugucct t

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

<400>

12

21

DNA

Cricetulus griseus

12

ccugggugug uaccucaaut t

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

<400>

13

21

DNA

Cricetulus griseus

13

auugagguac acacccaggt t

us griseus

21

21

21

21

21

21

21

21



gaauccggua ggugguccct t21 <210> 18 <211> 21 <212> DNA <213>
Cricetulus griseus <400> 18 guaccagccg uguguuacut t21 <210> 19 <211>
21 <212> DNA <213> Cricetulus griseus <400> 19 aguaacacac ggcugguact
t21 Sequencelisting_ST25

<210> 14

<211> 21

<212> DNA

<213> Cricetulus griseus

<400> 14
gacggaugag caugcagaut t 21

<210> 15

<211> 21

<212> DNA

<213> Cricetulus griseus

<400> 15
aucugcaugc ucauccguct t 21

<210> 16

<211> 21

<212> DNA

<213> Cricetulus griseus

<400> 16
gggaccaccu accggauuct t 21

<210> 17

<211> 21

<212> DNA

<213> Cricetulus griseus

<400> 17
gaauccggua ggugguccct t 21

<210> 18

<211> 21

<212> DNA

<213> Cricetulus griseus

<400> 18
guaccagccg uguguuacut t 21

<210> 19

<211> 21

<212> DNA

<213> Cricetulus griseus

<400> 19
aguaacacac ggcugguact t 21

Page 9



