TI TLE OF THE | NVENTI ON PRODUCTI ON OF SI ALYLATED
N- GLYCANS | N LONER EUKARYOTES CROSS- REFERENCE TO
wOREATIs7AAPPLI CATI ONS [ 0001] Thi s applicati on mt@u$m®07/011274
priority to U S. Application Serial No. 11/429, 672,
filed 5 May 2006, which is a-continuation-in-part
("CP') of US. Application Serial No. 11/084, 624,
filed March 17, 2005, which clainms the benefit of U S
Provi sional Application No. 60/554,139, filed March
17, 2004. BACKGROUND OF THE I NVENTION (1) Field of the
I nvention [0001] The present invention is directed to
nmet hods and conpositions by whi ch non-human eukaryotic

s’féﬁtqé"@ Ak %#?ﬂ'g %%pr‘%%iéﬂl g%t ﬂ?ﬁig%ﬁﬁyrq%f %§@+®| G ROOF
CRO§H-BEFERENGE 6 BEQMASTER ARFCATIONS er ns of

gl ycosylation simlar to those of glycoproteins
pNapplicdhleani mal cells, especially human cells,
whi ch are useful as human or ani mal therapeutic
STATEMEBENT. REGARDING FEDER ALE Ya$PONSORED RESEARGCH! OR
DEVEEOPRENEN conpositions for the production of
sialylated glycoproteins in non-human eukaryotic host
c &ldt applivabledo not normal |y produce sial yl at ed
gl ycoproteins. (2) Description of Related Art
REFERBNQOE YiICa Al COMIBA OTAYISK APPEN®DIX And Lower Eukaryotes
[0002] After DNA is transcribed and translated into a
piNwt eppljcabler t her post- transl ati onal processing
i nvol ves the attachnent of sugar residues, a process
BACKGBROQUNB QF THEINYENIIOND f f er ent organi snms produce
different glycosylation enzynes (glycosyltransferases
[00015hndThyk yoestidasaates gamatalivtodargefsceleditfuid stbsige aards, and more
(nucl eoti de sugars) available, so that the .
particglaylg as fillhtoroactpAditargimodi stoveel tards usedrforstdrirglipfidd &tetmospheric
i ndi vi dual oligosaccharides, even of the sanme protein,
presswkd. | Suvh takiks{ @hedl sotegpimmnedi ingudda sépardieSixedy6d £ Boimmonly range
which the particular protein is being expressed.
from BRab @0020rt mpietialdiymeter, holdig WS s V.5 ahidlidt BArfd1N6f liqhid ot fnore..
so only in a very unspecific manner (Mens, 1997).
Thy oughout the specificatjon, scientific publications ,
l0°°livi | Vapst coptrakis pften apdsufic & 2porsieReaping from st0fefl o zogrbon-based
. .publication year; conplete citations are found at the .
liquids qan presery @ heplth,; safetyqrdire hazasde ¥ apers e¢aming fromdiammable liquids
filamentous fungi and yeast add primarily mannose and
can forpanxplosisapirdue vithyairs Otherliquids, particylaglythase Gogtaining sulfur,
known as a "hi gh-mannose" type gl ycan or a mannan.
have g ghiectioapbls odar whes alewed 1q Beqly graposate SOpnsegquent]y, efforts are often
gl ycosylate proteins in yet another way. By contrast,
made fig,minighizg evapReatipatlesses iciiorage tankains, t he nascent
ol i gosacchari de side chain nay be trimed to renove

[0003§ € VA RaiiHBPOESE 2 bES | A SRudit BhOHS @ﬁ#ﬁg&%@i@%ﬁgﬂﬂﬂhing

suga{ reS|dueslthat typically are not Int
evapo i VG GRSy s e o o Bl ror. an
“exteﬁgmﬁiég ?(?dfi@ ﬂgedei?:l%efdﬁP that Iﬂx%gx?o %199&3{@3;.?%{;5&?&&& wol{eﬂ@céng

ype ol'I gosacc struc egl ns
set qf sequenti al eact,ions in the, cqurse of. whic
 evanofflontopa€ bk oo NS R el ALAMHRF et cut ar e

ves along the secretory pathway in the host

S“”“%@Biﬁ?3n1 The enzynmes which reside along the
gl ycosyl ati on pat hway of the host organi smor cel
determine the resulting glycosylation patterns of
secreted proteins. Thus, the resulting glycosylation
pattern of proteins expressed in | ower eukaryotic host
cells differs substantially fromthe glycosyl ation
pattern of proteins expressed in higher eukaryotes
such as humans and ot her manmal s (Bretthauer, 1999).
The structure of a typical fungal iV-glycan is shown
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in protein folding, solubility, susceptibility to
prot eases, trafficking, transport,

W@ oopasdsnent al i zati on, secretion, recognition byr/otiveroii274
proteins or factors, antigenicity, or allergenicity.
[001 8] Yeast and filanentous fungi have both been
successfully used for the production of reconbi nant
proteins, both intracellular and secreted (Cereghino,
2000; Harkki, 1989; Berka, 1992; Svetina, 2000).
Various yeasts, such as K lactis, Pichiapastoris,
Pi chi a nmet hanoli ca, and Hansenul apol ynor pha, have

[0004EX a¥1‘13ere Q.%rélhgwn?ﬁgy\é% ofrﬁggt %r}% lzf%a%%r g)lﬂ}ggl:%?%xllvq%ally has

ression syste ecause

bu°ywtﬁ=8w%%#£tﬁgte%§h§%?‘fﬁi£€d&z U Hob Y o
oot B STl 4, i FESE e O] SEBR ARG ek on e

coprotelns at the |ndustr|al al e. However,

surfacmg% @rocb.}c&clsaml%g gv,qga §g§§%pqr ﬁpadqﬁ:}pegyeqqqtgg gurface of the
eukaryotlc m croorgani sns differ substantially in

liquidiqnd|the-derks (Thespaseis usefiH berguse JRminHmgreks arppipre gabject to leaking

prevented the use of yeast or filanmentous fungi as

than Wﬁiéqustm deckse Bregdisten¢eofomtheriopyofithe repfde thecbottom of the buoyant
gl ycoproteins. [0019] Although glycosylation in yeast

membgreicain hegelativelydargedor theraedrr afi2nn¢hesionmare., Ongpeoblem with this
conmon el enents are shared. The first step, the

arrangengens fsethatthe stoeedcproduas|oiftyo deaks limtpithie floatingmembertspartdyig difficult
nascent protein, is highly conserved in all eukaryotes

to remave iwithoug sygesting the flpiating reoftfeona a dixed maofsthitdospeeredesigned for
Figs. 1A and IB). Subsequent processing of the core

this additigod dezhhar i de, however, differs significantly in
yeast and involves t he addition of several mannose

10005 LR e B LB SR AR TR e S35 8ok and
i C tia ad se_ su ar to th

. the su F@ﬂ%@»&%ﬁﬁﬂ%ﬁ%ﬁ@eﬂ'@w iogf1Qat P che,fgaeg of the product. -

undesirabl e for the production of humanoid proteins

[0006fNdIn 4 typfcal RUstiniedof ediketHeGhe bR tafik Bl dylingAtf and the roof floats
' ‘ nannosyltransferase activity. Mutants of S.<cerevi'siae

upon SRfsuffa8bf the g eNhdtsBRed B As @atk! H¥ink)or (R8s watiM theftank as
mn9 nut ants) have shown to be non-Ilethal and display

liquidrb @t ¢LL AP R deARh 88 TdalldWe spice oS RRbLAS Rping or internal
yeast glycoproteins. Qther oligosaccharide processing

proce%%ﬂﬁ@ﬁﬁes 2HE b ARkERRAGSY o gh&intenahsd Wo6ASSH eithey the floor of
al'so have to be elim nate depending on the host's

the taﬂ@&t 1he HoRbmPSYARL BB oY, GRB¥hAL | %n%‘il Providéd {o¥eep the roof

reduci ng undesi red endogenous gl ycosyl afion reacti ons,
to be
suspehdl o WAL bt (OB OBl BORNEE 0 T es ¢ e
stabl e expression of several enzymes and
[0007% ugSemeatmestds sispending proratene sakenthe foray ofripperds that maintain the
| ocal i ze these enzynmes so that a sequential processing
roof ap levndeveht Thesegugbgrsosmibetflixed ostadjustablee Fizedsippogs provide
[ 0020] Several efforts have been nade to nodify the
limited|nyaio®phmnxe acnessitilityand dofreesekthe ypedabte tank vobmga MManmallye
provi de gl ycoproteins nore suitable for use as
adjustablersapparts infipersa pess linttatige, s gehirally esquire\pegdopnelrts enter a
resenbling those made in human cells (e.g., with
confirdpotentidly dangetdls gpbjuean adjusiuhe sewings vethe sapports. They also add
obt ai ned. [0021] Yeasts produce a variety of
more Reighd s¢ tHer ficasing rasfemd(cteae poténtal emrisgsy pathaags.er ases
such as MNNl in S. cerevisiag; G aham 1991,
1, 2-mannosyl transferases (e.g. KTRIKRE famly from
S.cerevisiae), 1,6-mannosyltransferases (e.g., OCH
from S. cerevi si ae), mannosyl phosphate transferases and
their regulators {e g., NNN4 and NNN6 from
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i ncreased levels of CMP-Sia. The engi neered CVP-Si a
bi osynthetic pathway is useful for producing

weraybmred gl ycol i pids, O glycans and N gl ycaprsr/us2007/011274
vivo. The present invention is thus useful for
facilitating the generation of sialylated therapeutic
gl ycoprotei ns in non-human host cells | acking
endogenous si alylation or in non-human host cells
| acki ng adequate | evels of endogenous sialylation.
Exanpl es of non-human host cells | acki ng adequate
| evel s of endogenous sialylation include |ower

[ooosiﬁk%ﬁb%gir?cgey@Blui&%}#'g?goinﬁ?%d oedflo§ p@JWmB% eGhote Lc‘-hvatable

he "1 nventi on,
host ¢ nee duce .a
vonojipbefifor i fefofdHe RERER oL B BPOTL & HhELs oy e owsia.

e I n ot her e .inventiaon,
Howetvare%ﬁeo Bt 3L FaBedncs ey %@efaﬂfysﬁ?sv oSt of dyleoppet roofs.
si al yl ated gl ycoprotei ns above native endogenous
[0009]] eVEhS fact HAdHGuidpeodrice SErttimnby &dllecBoniths de¢k fthe @dating roof
conmbi natorial nucleic acid |ibrary useful for making

contriblifek @theMigh Edke.t B tob intlthARflid AaiRds the PSIfitREldeVkott@iah imbalance
or pol ypeptide fragnent, e.g., an enzyne involved in

the ro8f ¥i5P&a0s@1tit8 Bink! Reec6@érgaf tal sankG Mo cidr 68 &Ffensiv€ aRd time-
sel ect ed subcel lul ar regi onof a host cell. In one

consxﬁ{xﬁé Stigsla SARRHITRAL Tﬁé"ﬁid@@ R B 0P ilgaid JHhk Ak ﬁ‘ﬁkldalso be

brary conpri'ses (a) nucleic acid sequences encodi ng
factox‘éh fuﬁt@ ld€8kn § Eéﬁéla‘éréﬁoﬂsa Mafb8Ei st SRR th SRip ?t%-?% QAR LR )must be

nuc elc aci d sequences encoding different pol ypeptid

e el U s ﬁf%l‘aéf% s
positi HS @‘) th Y dsreggfatlhﬁ %!a9 p@(]u(i)lfe N five lfoad of

|ona pro ern-domaln (€. 4., aca alytic donaln

~12.5 q%? og gl%cy Hgg ting ' f Fdfhle?e %rg qgmgrﬁs %av re?alﬁ'glgél to ﬁeaﬁ%lrf)g{s which,--

ng srgna

“in tu ﬁf@ﬂéfth?ser%ﬁ%g@tﬁ% taﬂgalay%c#@ cir hg)fléll_r;,\‘/ent | ogpsj%lgf? full-contact. -
o robt Ropt g adiecrbnhor Foditne S TR 2y nee.

i nvol ved in nodifying N-glycans including glycosidases

[00102nd Witly ¢y lspicRt6b R thegsoblem dflRfusd on thHertgp bhtheldesk is sometimes
cell with a nucleic acid (e.g., a conbinatorial)

solved bhpaswidiak drdig oFemagg inoe deckr HeWe Gerdc@veffidra didin openings are
m xed cel |l popul ation expressing at |east one and

not pREGER ba BhIY-cbiEctOflodiE @oblfs bt difst tiidWopBuifaccdd MBS a¥dicisigeherally
enzynes having a catalytic domain |igated in-frane to

belowathe%hhyéealevéla{fq&é §1BRAr8Mstt, ARARKE 9@ret ProGudt wdd fERIY flow up
does not associate with. A host cell havi ng a desired

through QR ¥ihadbhnneRssot ype may optionally be sel ect ed
romthe population. Host cells nodified using the
| i brary and associ ated nethods of the invention are
BRIEFSHYMMARYy. | for produci ng gl ycoproteins having a
chosylatlon pattern simlar or .identical tqQ those
[001 13 r od e aeplicanisdizie develengdar selt-dpining amangemsnt that ¢3n be used
anot her. aspect, the conbinatorial |ibrary of the
effectively an full-pontast fnating ap0fes The é%hfréwmgéra%ﬁﬁfée@rcea the loads on a
conbi nati on of catalytically active syl ati on
floating, sanfeallowing the usgof adhinper 3nd lighter rpef. é"hm 2 epof i splipdraining,
conpartnments in which they function efficiently in the
US. g tfPE\HP%@LSrthQN seqpue Hegignerpieissune @ lvgagareal only 5 psf)
convert -1,2-Man) 3 9 Mansd cNAc to Mansd cNAc 2 at
Lightpyg wghlgbf,fm mrem;!ykqsnt moyepragiical #eisusperd therfloating eenfifrom a fixed roof
provi des eukaryotic host stragins, and in particul ar,
yeasts, fungal, insect, plant, plant cells, algae and
i nsect cell hosts, capable of producing glycoprotein
i nternedi ates or products with Man53 cNAc2 and/ or
G cNAcNBnSG cNAc2 as the predon1nant N—glycan [0043]

e



met hods of the invention. In certain enbodi nents, said
gl ycoprotei n conposition may predom nantly conprise a

w@ oouph&e67NANAO - 4) Gal ( 1-4) A cNAc( | - 4) MaUsG cNECRUS2007/011274
gl ycoform In other enbodi ments, said glycoprotein
conmposition may conprise a hybrid
NANAGal A cNAcMansd cNAcz. (0065] The invention al so
conprises glycoprotein conpositions produced according
to the nethods of the invention. In certain
enbodi nents, said glycoprotein conpositions
predom nantly conprise conpl ex NANA(I -4) Gal

or &ogﬁhgaﬁ%ﬂﬂé Gusdlaord Ya%%&%w”fandﬁr{ho%%ﬁs either of which

I ments, said glycoprotein conpositl corpri se

. ' | ' chMan 54 cNAc 2.
can 1*%8%%&%%%%&1}%3%%? {tggfgﬁsmgggéeoq\#%@s a nethod for
produci ng a sialylated glycoprotein in a reconbi nant
[0012fonAk destnbed kramypot detaih below 8lel neroagpan gement isesspeliali tiltng
into nmediumused for grow ng the host a
structirealist-enabies thexep sufydenfahkldackIdb deititted adowardoimdw fgridefdrain.
The invention al so provides a nethod of enhancing the
The dpi®Hacin epenirig GhFisspadedat agigiifidanfdidtmte a6dve the top surface of the
conprising the step of introducing into the host cell
deck. aTHi8ISpRirg WedpThrogirevit B red product Fdonk aﬁin%tﬁaﬁlzy\ﬂowing up through
epi nerase activity. The invention also provides a
the dramton@sitheftop BhfieGdedR. t he production of CWP-sialic acid
in a host cell comprising the step of introducing into
the host cell a nucleic acid encoding an enzyne havi ng.
[0013%; Vst of the dpyertien may RErpit thepgrmherst SOROPIIORIRYLS tolpe as little as
,, DRAWNGS [0068] Figure IAis a schematic diagram of_a
157 ox I¢p5, @ad arcepigal|portieypf the dotkgtoherasJitie am /8 [tb}egg} lgs.gThese
IBis a schematic diagramof a talpi cal human__
relatively gmalt dimensians ang shewgsulting otposd weight earpprgwjresignificant
. ,.construction of a conbinatorial DNA library of fusion
advantagas;tinclidiog niprg volymelindthe tank avhdabla ferrstored poddust.
targeting peptide fragnent into pCR2. 1- TOPO
BRIEf’IﬂE’SéIEﬂgq@N SR THEBRAWANGS T 9- 2B shows the
: generated targeting peptide sub-library having
[0014) €SThd fmbERTbSink§ Be Mettlrddeistooli vl refdrifly BOMRMR cbilfanying .
Insertion of a catalytic domain’region into pJN347, a
drawilBdid WREERPUCL9 vector. Fig. 2D shows the generated
catal ytic domain sub-library having restriction sites
Not|, Ascl and Pad. Fig. 2E depicts one particul ar
[0015] |, SFI§h 1ds AB elayetionpd sEasatseqtionebyiewind a siergse fanl withpa paeroof
_ sub-library and the catalytic domain sub-library.
incorgopging theinpentio® (SEQ | D NOS: 45-46 respectively, in
order of appearance) illustrates the M nuscul us

[0()16]I 'ﬂmqggﬁie%ﬁoﬁﬁc%@ge&%gi ﬂgwafaa oragg Fank SANED b&kheaded
of th d t m nal

e PCR prinmers used to generate te
: [ O r lerlined. [0072] Figures 4A -4F
pmr(%off#u&?ﬁd&{te g’ﬁg?ﬁ%&?ﬁhg of vectors with nultiple
auxot rophi ¢ markers and genetic integration of target
[0017hr oF &3 3sis ian eldvatipng) soisoiseasioBrl viewmfs: st¢@07 8inkFvithua pentoon roof
5A -5E show MALDI - TOF anal ysi s denonstrating
incorporatihgthe anveofiokr i ngl e 3 domai n of human pl asmi nogen
(K3) gl ycoproteins having Man53 cNAc2 as the
r ' tr reci.n P t oS,y FlO. .
foo1s PR Rh NaER SRh e Rl By e TSR g e n3Biia roof
. vat CA) . and Man5d cNAc 2+ Na+ [b]. Fig. 5B shows
mcorpgﬁﬂﬁ?ce}h? "t eepggrg'ed glycans fromK3 wld type. The
-gl ycans shown are as follows: Mangd cNAc2 [d]; Mani
QA cNAc [e]; Man pA cNAc2 [fj; Man 12d cNAc 2 [g].
Fig. 5C depicts the ochl del#«tion resulting in the
production of Mansd3 cNAc2 [c] as the predom nant
i V-glycan. Figs. 5D and 5E show the production of
Mansd cNAc2 [b] after in vivo trimmng of Man8d cNAc2
with a chinmeric or-1, 2-mannosi dase. The predom nant
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typically has at | east one branch that term nates in
an ol i gosacchari de such as, for exanple: NeuNAc-;
woeswAassasH6Gal NAcal -; NeuAca2- 3Gal bl - 3Gal NAcal - pcT/US2007/011274
NeuAca2- 3/6Gal bl -4d cNAcbl -; d cNAcal -4Gal bl
-(mucins only); Fucal -2Glbl -(blood group H).
Sul fate esters can occur on gal actose, Gal NAc and
G cNAc residues, and phosphate esters can occur on
mannose residues. NeuAc (Neu: neuram nic acid;
Ac: acetyl) can be O acetylated or replaced by Neud
(N-gl ycoI yl neuram ni ¢ aci d) Coan ex N-glycans may
I corrprl Si ng
[0019]ab3f§§3 bﬁ%ﬂﬁ&?f% core 212 ("Fuc"). "hybri d"
glycan has at | east one Gicth on the tern1na| of
[0020} heFIG. 8 ismplayseewraftied parteont raofemfigs® core and zero or
nore mannoses on the 1,6 mannose arm of the tri rrannose
[0021§ [70131?213 l-la;r?%e;adt grrogg ser}:%onal(.)e:(ie:va,rtl,lfl>%aeldwt\FMvtortl Prrlee 4 t%e drams on the
n orrgina ene of a
ecieacrefers to dIStInCt enzynes or genes of a
p°nt°%’£?8£8 1y or species which are deternined by
functlonal, structural or genom c anal yses to be an
[0022ENZBIGE 8Qs ag elewaidndl boss-eeqivital wewl of adstorage tink svithha pdh roof
corresponds to the original enzyne or gene of the
susperidedSh afléwipoyitioh. speci es. Mbst often, honol ogs will
have functional structural or genomic simlarities.

ues a no whi ch. honol ogs of an. en
10023beﬁ€'@c 918 P ot ek e opa) e Aoz o S8ty puikheaded
Identity of cloned sequences as honol og can be
r°°fSE~°6’ﬁP¢‘?dn‘€c?]8§’?f§‘f‘Hhctl onal assays and/or by genomic
mappi ng of the genes. [0113] The term "predom nant” or
[0024] PrEIEN TONSRUkMIled SRV 86 4 PodsRI®RGHINEGupPSIt BsrAHsIfdofoNn Of
Ngl ycans refers to a structure which represents the
eak detected by matrix assisted |aser

DETMEEBBESQW'SWI?M ion ti rre of flight mass spectronetry
[0025&% R}% na. %&@iﬁ HL é‘r gp@bskégfg]\é'lal?ltg{ Satllfg?(ojo ceagleblenseen In

abbrevi atjons of sugars, above. OQther commp
the figyges: diachdllesteatedyopf, g%ls ‘oiCRicStorags tatk lrQe‘F‘é‘r%antb(? used for storing
pepti de Ngl ycosi dase ISEC 3.2.2.18); "AcNAc Tr" or
hqwds wﬂosmfﬁrwrﬁw Each ilugtetsd Yoaingand hapia decliddveitna top
enzynes; "NANA" refers to N-acetyl neuram ni c acid.
surfacFdﬁaspom@n@%facmb&@nmuwa iy @ﬂmﬂ%@ﬂlugﬁlyt epdBinsi2?: or a
“human-1ike glycoprotein” refers alternatively to a

[oozefrOh%ﬁoh@ub@%&sﬁmbﬁ%sw&a%%gﬁ % ¥ pansvelPMid Pard R3F. In

four mannose residues, and synthetic ¢ ycoproteln

convehfibi& %Flgt 3 f he ?’E@kc&n Gitish 1&‘ fdé.hr?%?mﬁl%?l 6*8hick, and the rim is

mani p tro or avi ng at

typlcahlsagﬁt Ce d 15220 Oéépﬂrkhe&omgﬁ bera ﬁlustgité’c??y%w &p{) Sbout 1/8”

accor |nven Ion contaln a

thick %8% e P eaﬁ%e%ﬁ)%f e%\g %gﬁcgm%ggei)t' %%Oh% 3‘ %ﬁé}gr?m "'Sof is made of
steel, 51:(}}1 rggg rao?s c&y? g%?f %LS; ggllaisc %lfné?ly faﬁtrwémm, composite

vention to e fessa "better", i.e., a nore
mate"é‘?f‘ﬁré’%ibeﬁfloﬂﬂ?%t G enzyne.  For exanple, a
mannosi dase is seI ected such that it will have opti nmal

[0027RCt The tise oMiphtweibht Kainlbss ste¢lammerisle mtaytie dcbfomidabwhen storing
the host cell where proteins are glycosylated and is
corrosivd prodiiets.d Al stdiAlek1eteE1Q61 SfFdrk spverileidabhtigdilovienh @aiboR Gteel roof.
the enzyne to a host cell organelle where activity is
desired. [0116] The term "enzyne", when used herein in
connection with altering hosg cell glycosylation,
refers to a nol ecule having at | east one enzymatic
activity, and includes full-length enzynes,
catalytically active fragnents, chinerics, conplexes,
and the l'ike. A catalytlcally actlve fragnent of an

Y
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are referred to herein as "reconbi nant expression
vectors" (or sinply, "expression vectors"). [0133]

wo eenadsrvel y |inked" expression control sequepCE§S2007/011274
refers to a Iinkage in which the expression contro
sequence is contiguous with the gene of interest to
control the gene of interest, as well as expression
control sequences that act in trans or at a distance
to control the gene of interest. [0134] The term
"expression control sequence" as used herein refers to
polynucleotide sequences which are necessary to affect

For exglpI6, ARUERES e sast? %‘z?\%éf SR PSSt e Hired fora
carborbsg‘%ﬁ?sgfiﬁgvﬂ 3o Bt Bauit Snddre k3B e1fhE or printing i those

sequences. ressi on control sequences i pcl ude
cases, atplﬁasb? pagsiple F%H’é@ﬁ AFefusedr thickpass siinleps3tpgl 1aef 383 cost that is
pronot er and enhancer sequences ef ficient RNA
Compaﬁﬁlb‘éé%gleﬁg’ss‘?fg*’n‘a?@“%?é sapen sisel kqokg and
pol yadenyl ati on signals; sequences that stabilize

|0028PthE’ﬂh3cﬁ£'hﬁreHﬁNﬁotl§a'%QH§H§&§eﬂt?@4n ﬁEﬁ‘ﬁé‘ﬁ&d%ﬁQ%l'oﬁﬁhé’fbof For
efficiency (e.g., ribosonme binding sites); sequences

examp18dhe FIYFA0GE the gﬁﬁhl‘ihsﬁ‘aéh' ih gy 2 i&4) gu%@zﬁieﬁ?ﬁé rrSQf Deck rim

sequences t hat ance proteln secr etion nat ure

pamnﬁxgssﬁlﬁ*%&‘}ﬂ& 16 ofRi8 So%f% Sg Sr{gﬁ ﬂﬁ@ %‘?krﬂ:[@ %égBH t}‘ié‘&‘)g of the

organisny in pro aryote cont quence

deck 19@15?{1&%1&&1 Q&Jt ﬁp(?({ 9(;}9%3?’{mer{ts 2S B kodt 135 f'??e ?a}rhic?mustmted in

ranscri p erm | ONn sequence
fe-3 iR PR BT8R anfecliBSapbE e Eoe TeThpfrpd pomons
d ti ..
are ape%%b%ﬁ%[fiﬁ ieh S B Ag 7.6 eE, Bl rin? Bititions 32 and a

pontogre%%@m@go B b pes e e 0B BF AR 0 Tl sizep gpd

host ceII sed herein I Nt ended t _
| d‘me"F'QPéP¥F’& vgrioes Parﬁq%\fithﬁ lﬁ&é’éﬁa’é’ﬁéﬁeéﬂf 149 tE?F@ Hampess; the top |
A reconmbi nant host cel | i ncludes a cell i'nt owhi ch a

. surface d@ fithedaek 1§ belowrthe surface 0 ofithe praduststoned inths frak e

under st ood that such terns are intended to refer not

[0029P N Fhe SmtdiEa BsHviehGdtal bars Hif@ata £ IdidiHétet @nk AEhyBOHSTVE higher.

of such a cell. Because certain nodifications nmay

A floaBing oot 10 s AR HeNCdI AR AL ﬁfhﬁe%‘f@tatrﬂes@'s&&ﬂvlm tBdkABss in the

or “environnental influences, such progeny may not, in

range B?@tl 0549?0 ) @gﬁt evsaid ARBw e hegh?ar tHeGirh QOQHBe W6 eTréﬁ td 18" or less

i ncluded wthin the scope of  the term "host c

for a 149 ql é@ﬂ tgﬂ( Aw ﬁf“QP?AtP@Ip I‘oot?' Ofd» fi§ %{3 hGs QQmmmu%l height

I solate or ce I ne grovvn | ure or rray

neede¢ﬁ€ §1‘1$w \Qpéﬁ%p er?lﬁﬂngFaz vJeﬂin‘?g Lﬁ&’ hﬂgeétioﬁ%f% x%iaﬁul Sl other cases,

term ost rs to any organism a

the ring (ll;g %@HB‘V Ie%érgﬂn‘@% (1 rergﬁ) ; F(B‘fggﬁs {hﬁ/%g(j)tl \%Clgl"lp ve%cfu;tger and

addmhere [ noaee'fgecgl cgl | . aﬁchS endogenous CMP-Si a"
& &Y2r8ot FIFﬁ does not endogeneously produce
CWP-Sia, including cells which Iack a CVP-Si a pat hway.

[0030As Tisexbolicl Gillustrated inuthg figuinesahoeel drticalyyf withint osheell wall 50 of the
fungal host cell that |lacks CMP-Sia. [0137] The term

tank 12pfpitingaipoashe swthce@0aiMhe piodnst stered iss therthnk. As seen in figs. 5 and
pol ypeptide, e.g., one that is typically less than

6, the dbxind 2D Areaphdtd sboutite r6st) Frefirabdy,ahé diinsadrt prdvedal inlalleast three
about 30 am no acids long. The termas used herein

locati@i3C NPRHEBS clearet Ggm the distussidn balovdiis halps © BhilireQraihilg even if
and thus biological functiong [0138] The term
"pol ypepti de" as used herein enconpasses both
natural |l y-occurring and nonnatural ly- occurring
proteins, and fragnents, nutants, derivatives and
anal ogs thereof A polypeptlde naybe nDnonellc or




herein. [0160] As used herein, the term"sialic acid"

refers to a group of nol ecul es where the common
wormlogesse®dt | ncl udes N-acetyl -5-neuram ni c aci d KQ®ERBUSAC) 011274

havi ng the basic 9-carbon neuram nic acid core

nodi fied at the 5-carbon position with an attached

acetyl group. Conmmon derivatives of Neub5Ac at the

5- carbon position include:

2- ket 0- 3- deoxy-d- gl ycer o- d- gal act onononi ¢ aci d ( KDN)

whi ch possesses a hydroxyl group in place of the

acetyl group; de-Nacetylation of the 5- N acetyl

the rof 31481 B {tﬁngem gtmtr%teggt%}ls th»igta%(ytéamgnet %d. NSn the

roup proauces ycol yl neuram ni C

S gl e °g}mn§tlm shofoe
pomol 4635580l LI FRSSIAE A RER 1 .

this group of conpounds. FurthernDre unsat urated and
[0031P ehixsibest kesnnin 1. 7stheliilastAtédidraiis@2kan® witofnatic drains that have a drain
exi st.[0161] The gene encoding for the UDP- QG cNAc

opem@gJSGTﬂfaﬁfsQ; héedodiarspati fié 21 datancblabéve thé gﬁmée 96T ahd\deck 14. In
for the S|alate synthase i s abbreviate "NeuB." The

the ex8RPR: RBE A7, ftﬁé dltah?oﬁ}ﬁ’ngsls%baﬁ@ ﬁl\éﬂéﬁ%&ﬁmh@ter and is positioned
abbreviated as "NeuA " [0162] Sialate aldolase is also

appro%iti a1 P15y ab&¥Ethe BRithM sfadd @k 3F ﬁhel deer %n@ Qgpr%kﬁﬁﬁéﬁ 3 inches above
pyruvate-lyase. Mre specifically in E. coli, sialate

the suaw@t@épme ?r&ﬁfc@ EtoRSH ih A& BnkRHifen (REFIRINPSED eﬂﬂs Egacﬁtg is

used herein, the term"sialic acid

sxgmffémecatfsgfx?irsshlélperﬁ)ugﬁltg gwf d&d reggtwe;)y lotvhﬂlteli ?08 %@gwd%ct in the

of providing a stalic a resi or transfer t

t
o S SRR SRR 2 A 3 b g
o ptov1£l\g)o§ d?alm o \SEC tt.%e ooetlm nstclsibec{ beglhe IV("h étgrrrl}nhmng the: helght

rsor: STal e ag @ dofior e Ut
T °f-‘h°<c€'gﬂja E’E%Et'?g’?b?‘ag&jo’é?@ﬁ Bresgboe ﬁliﬁ'&fg%fﬁ?g%%ﬁlﬁh?&ﬁ gt tankihas a
£ - apecifie gt b 2° hiamBe Dt N BRRD s aterate G ot af prodics:

sugar nucleotlde precursors of CMP-Sia such as

[0032]UDPFid nluéteat{ecg draisSréachlhate d cORMNPE0 thhbpojddiethréighl thé roof 10.
acid donor" may be provided by providi ng an adapt ed

The illiRfrate@ @bhduibis@BoGONinkh&SinQi@meter, WA Bias H B3ftomWpleRidg 63hat is
precursors, such as UDP-G cNAc or ManNAc, and whi ch

locatel @86veralifithed balove the)bdtoat $urfict M 8foflihd Rk C M&fﬁa&?exﬁénts could be
these nol ecules to CMP-Sialic acid. The host ce

used. DY émRYioh cBARFYINEvR! sukh bY a SRPEVARRUF2!BAII Rfat BBYbOBsed with the
engi neered to express enzynes which are able to

drain WA ghs iRsians MAeust tHRANAGI Wnl%o@h% hcitﬁdéjfrgﬁxrabove to drain.
enbodinments, the host cell nmay be cultured in nmedia
cont ai ni ng the necessary enzynmes for the conversion of
[0033] |, Ligpidgandrs draiped érenbthteellwt@teﬁ 9pf £0 Ry tidtingothe deck 14 toward the
. [0164] Unl ess otherw se defined, all technical and
drains2;. chhe slone ofghertilted derkeausesthe liquid: th @oehtemwand: thei drging.s Once the
commonl y understood by one of ordinary skill in the
level efrthe poolegh lighidiriqaches thedrvélod theedrai openiraEtheliquid begins to drain
nmet hods and materials are described bel ow, although
throughethh gdsdwn@.mat erial s similar or equivalent to those
descri bed herein can also be used in the practice of
the present invention and will be apparent to those of
skill in the art. Al publications and ot her
ref erences nentioned herein are incorporated by
reference in their entirety.7In case of conflict, the
present specification, including definitions, wll
control. The materials, methods, and exanples are
illustrative only and not intended to be limting.
Throughout thls speC|f|cat|on and clalns the mord



i nvol ved in the mannosyl ati on of proteins in

S.cerevisiae and thus their deletion nay be used to
worowpsdeat € t he gl ycosylation pattern in P.paseor/ius2007911274

by anal ogy, in any other host cell, e.g., fungus,

plant, insect or animal cells, with simlar

gl ycosyl ati on pat hways. [0181] The creation of gene

knock-outs, once a given target gene sequence has been

determned, is a well-established technique in the art

and can be carried out by one of ordinary skill in the
art (see, Rot hstein, 1991). The choice of a host
th
10034f’, & ”e%%”%% 4 ﬁgrgﬂﬁha‘i%%f el TSV B AT b YoslaB R e

cxamb S b e TR b P PR 63 b P SO S 0 o
enabl es the repeated use of a_sel ectable marker, e.g.,

the draipg 22 pAbis rapbedong by cables of lgnding sURRSTES-| y el i ni nat e
al | undesirabl e endogenous nmannosyl transferase

[0035ECtBthhé§é exafiptes! b1 WRe B BRI fiRthd @k, Oti€h®angement
ut basically involves the use of two repeated DNA

relies 87 ms@ of the8&iK8 séaﬁ%%ﬁfoa&ehﬁetcﬁﬁleif afEBcroKﬁéctecF% that their
exanpl e: "URA3 may be used as a marker to ensure the

lower-26dsE EhdOTH Hévea? F&é&?fo@fe?ﬁﬂﬁs% efeb%o&qvﬁhlhriﬁf&gﬁt 9‘@ the level of the

construct. I ng URA3 mar ker wt I rect

produﬁ%ﬁ&t the %Bﬁon'ﬁagx féﬁf)l%g aﬁfclhgg %o Ih%r ghf{ 8P tﬁél?etck aeach their

ave |1 ntegrat & construct an I Srupt

lowerrgmg(s} etlﬁrea?f?sht%gl?h Qér %:egltﬁah é&ln%h'a‘? ﬁm?bo&ngn: éfe@ieyﬁlelg,ﬁﬂé Renphery of
the ol ST SR b2 0 Tow . sy OBty Bl Biktetlb b gt  conica
FEQA.h I he URA3
shape R a0 PR P AL P RO ATR ot nSf,f Vf ng the
repeats. nentioned earlier. This approach thus allows

- [0036] Or Thdiéablepriatantbelin@cidd, fdr&xamipte, baak éverhedd fixed roof 88 or to::
facilitates the disruption of nultiple genes w thout

| vatiouk paHth BE TiE seivalosth InfResk @R am piE Nk Bbles ob M1 RSconaECted o«

: sequential elimnation of genes adapted. for use in
" sehtraBPOHtIBAM 6RO IRE YU TO 200 SrkarpBl 56 thut ke mh%&]o&aéla&ham 6f their :

and counter-sel ectable markers nmay al so be used

lowerin@3tG3kis Fhiatd Aghbi@a® BRAbWVEMER RRIANAY GHRE RvATRDst SHAS B the
as 1,6 nannosyltransferase (OCH ) or mannosyl phosphate

outer &Jb@é@ﬁ&ﬁﬁ%&eﬁ pHefal %ﬁlﬁﬁ 54 60 R BBE MThO@RnbBbf some cables can
mut ants) or regu ators in P.pastoris enables one

¢
s S S 4 B GRS 0

{
cab]esrég(ééeﬂéf 4thran gﬂ:d h%ﬁénp{eggygbz %g %%r?nhg ?%uég?%c?lgé Qextti.Qal length of those
angk& 'produced in mammal i an, e.g., human cells. A
preferred enbodi nent of this met hod utilizes DNA
sequences encodi ng bi ochem cal gl ycosylation
[0037hct Supiporting the flsiating neatfd Ofram the shetl walkh® pcfibm a fixed roof 88 can
bi ochem cal functions in P. pastoris to nodify the
providyl apothey benéfun Is theusvent the obofHegomps ohbilascedrand st to sink, the
the genetically altered P.pastoris strain. [0184]
connedfpdrhofithe wablds 70 tesngpaesion pdistsglegc e \sirddingsidp af theaym 20 may tend
yeasts as exenplified herein can be used in
to levélitheinmif} redacihg idgmage fipmatie aecidenp and esstadticibsty. at e f or
subsequent nodification. Strategies for nodifying
gl ycosyl ati on pat hways in A niger and ot her
filamentous fungi, for exanple, can be devel oped using
prot ocol s anal ogous to those described herein for
engi neering strains to produge human-1ike
gl ycoproteins in yeast. Undesired gene activities
involved in 1,2 mannosyltransferase activity, e.g.,
KTBJKRE honol ogs, are nodified or elimnated. A
fllanentous fungus such as Asperglllus is a

Y g o o o o " o A ~



ol i gosacchari de by glycosyltransferases. [0201] To
replicate this process in host cells that do not
w@onpns®wes t hese nucl eoti de precursors in the Gatgus2007/011274
(e.g., in non-human host cells such as | ower
eukaryot es), sugar nucl eoside specific transporters
have to be expressed in the Golgi to ensure adequate
| evel s of nucl eosi de sugar precursors (Somrers, 1981;
Sommers, 1982; Perez, 1987). Nucl eotide sugars may be
provided to the appropriate conpartnents, e.g., by
expressing in the host cell an exogenous gene encodi ng
otid tran%% qrter
I

[003813l [ a F% e Drdraff cabld e%go%i %he uie:}‘ér at u;lesgp E%eﬁ%use it coils

r enzyfe T's

casily: M Erakeng Panted Sel oSy 205 bilsgg J5a8ieetile SR used, e

trans er, a fuco Itr sferase pmay, requi.re ..
cablesippy F‘rEjg ‘i“t"iﬁaﬁ‘gﬁp’&f’ pos- aﬂﬁ%\F"é’é‘P%%‘PF FP%{}‘FEPQ prRblems grising from
uire a UDP-gal actose transporter, and a
slack gabi?smrmﬁs@ems%fwn?@@lﬂ%ea CMP-si alic acid
transporter.[0202] The added transporter protein

[0039&0 NYRY SurAb& st c8pies 90 depdids onltREsk Bt ¥t B8 Floatifg Rodfh® and of the
| gi apparatus, where the nucleotide sugar may be

shell W5126b ¢ tlf})/ﬁyiéaerogf Y& QR tha BRHI6E &3 Gttabhed: S‘tx?p&@ﬂﬂ%ﬁvennonal
an i V-glycan. The reaction liberates a nucleosid

ﬂoatxx%u%?%ﬂﬁéta?e &ﬁeﬂﬁﬂe&h%%t gart %o ReepHidbr Tt@?es dlac Qgﬁ’able levels for

cl eosi de nonophosphates can be dlrect y exporte

the dehdi 950 Sﬁlgyﬁ%ﬁhmeﬁ 195508 09e 11, 4 iﬂa?&sé\ﬂiﬁ xﬁéﬂe@?&ﬂ%ﬁ&&ng may

sugar an anti port nec ani sm Accumul ati on of
be suf?iléfeln?g edﬁe%h?&’ig%@sﬁ’c \éﬁﬁled 'llog‘scgldtc%n H)Q Qs fl tapg psf.
rans erase 'S reac
pears to be inportant for efficient glycosylatlon
[0040] t The fletrated dbgk Heesan albo be titeg bpusidg lzndingxpppoged00 such as the
copy of a gene encoding a nucl eotide dlphosphatase

ones stk irdfiph dsphEhass supmptsodxiténs daovnwiDRlyoiroi Sl @ef and engage the floor : +-x,

appropriate) hydrolyzes the di phosphonucl eoside to

102 whie bebduchisalrsined fomnhs es{khIs pAabaicahtli catobelaohieved by using central . il

phosphate. [0203] Suitable transporter enzynes, which
suppodts 8 Ol itidsaldwersost@asal0caRe Airiligh Below! the' (6 &iibe extended
bel ow. Such enzymes nay be engineered into a selected
furthef 88lowchk lrodid t12@ thd Bwerindedendaf1 0B thapesiphen s&;gféetsalla rovidin
Exanpl es fM?O) [ 0204] In anot her exanpl e, & 5
a 1ongepeﬁ-e&r@|1 ht ransferase caps gal actose residues with
S|a ic acid in the trans-Go I gi and TGN of hunans
o a mature formof the glycoprotein_ (Fi
10041l B) Ther%ﬂ#@gﬁgpm 1Q0faa by rsmotely agfreatedso the'othsy ﬂewe? extend into
eukaryotic host cell and other host cells which
the stepgd @r%ﬂqcyexcsekdem SRR Y HISIRSFALMS o The §PRPPIERiSEEN indigyi0dnclude a
(1 - or a 2,6-sialyltransferase activity and (2)
suppogt &flfl ? élaaé ﬁ#teg%'mngé‘fa grpeN 14e bl illngratedactivatog d 1§ includes a
in the |ate Col Exanpl es 6, 16 and 17). To obtaln
remotslmth@dtpuahq,lgfismé |aw<tlghtnl§40ethats@nd>@tmqneﬁyo iarstarage position 120°
secretory pathway (e.g. late Golgi), for exanple, the
during mragitgndnce.d dheillustyated wmmumraat;datlv ankkks theactivatgr when the roof
from humans) has to be directed to the secretory
beginp tt hstayThenctivaier caudgmratetin @ vausty afevdys. (taas, folpexanple, be based
Li kewi se, transporters have to be engineered to all ow
on a cable rtleastsefta spring oChReshh@aylinden by peassure epplédddtoiatuibingheanifold,
sanme | ocation of the secretory pathway (e.g. late
or by Elekgonic attieatidni Thesnpportd ganrte drrmhigeditd providedor bathta low operation
cells such as | ower eukaryotic host cells synthesize
or can even transport sufficient anounts of
CWP- N-acetyl neuram nic acidointo the ol gi
Consequently, to ensure the adequate supply of
substrate for the correspondi ng gl ycosyl transferases,
one has to netabolically engineer the production of
CNP sialic aC|d |nto these host ceIIs

T A oa . o — s o F AT — . r~R I A Y



am nobenzam de | abel ed N-|inked ol i gomannose fol | owed
by HPLC analysis to nmake this determ nation. Table 4.
wElohabars Locati on And pH Optima OF Various  PCT/US2007/011274
A ycosyl ati on-Rel ated Enzynmes OF S. cerevisiae.[0225]
Accordingly, a glycosylation enzyne such as an
a-1, 2- mannosi dase enzyne used according to the
i nvention has an optimal activity at a pH of between
5.1 and 8.0. In a preferred enbodi nent, the enzyne has
an optimal activity at a pH of between 5.5 and 7.5.
The C. el egans mannosi dase enzyne, for exanple, works
n_the nethods g; thg vent on and, has
l i

posﬂloélp 6 551%}?{ main Sﬁﬂcﬁﬁﬁ’f ds:sgs ngfll éﬁé position for easier
eriment which illustrates the pH optinmumfor an
accessfppﬁ‘“ﬂ%r?é%l‘ hgﬁ?‘é?re is described in Exanple 14. A
chinmeric fu5|on protein BB27-2 (Saccharonyces M\N O

. [0042) S)A&seefiliR Gign$, IMANSA HSS GraiB763dn be WD draiaksoreNigRid from the
the nmedi um was subjected to various pH ranges to

roof 16! etrﬁé MhReratddsmRRdraTR had &l byddidg 98 tH0 & &rhzmﬁy flddhSwith the top
results of the experinment show that the a-

surfac% 16 PRI Rk 9as Grhr@lspe?ﬁlztg %é HRbuaP g':ragxﬁ td"‘pcoiﬁedﬁo %rilﬁ rllthd% that do

unction (Fig. 11) In a erred enbodi nent

not re% St{mé‘ FhSnfakid %?Qﬂbré&e g'sg 296n WROR LK F?£ ﬁﬁéc? dglé:@ n‘iJ?u%al drain can

or gani sm in sone cases
S f .
be seape‘as&gf z@%}l?e ég \t/(? ?Q]R/gr?t st&ga ﬁé@do%%$ n%b?lmﬁj%ﬁﬂgé ﬁl%ﬁnanual drain to
e PR b3 AHEN G e%%:fngsgﬁa;e:c%g%s;%@@gafﬂafwaezégﬁf (F—
ses refera ave thin,t
e EGRER P g oftdil o una il R4 ) bbbl e
specially b %ﬁgsn abo 5.5 and . Preferred
manu BIE" 1 3 FB2% HEPR 6%“‘1‘ ‘ﬁ{&‘ﬁh%%ﬁ%s
derived from nouse, human, Lepldoptera Aspergillus
[0043i dAlt @itk otler fRAGNME kelTs Sarbreatﬁe:e\lveelgam (fig. Sehanyeashefoof 10 can
P.citrinum XLaevis or A nidulans. In Vivo Alteration

be set ¢ op@Sihérethle robymiGsSik #drid mgh;s&it{w. AHP 84 Rapes hdlurd Wt vacuum

Li brary [0228] Certain nethods of the invention are

issues Rhtfcah BlleYw{sB UtisO GRen L 1ii6E RERfalls BeldR) the3b6f £ n Lx'ltlore ofa"
using one or nore nucleic acid libraries. An exenplary

pmblefn?ﬁ{aur»mpéo@eﬁ@ml m&eﬁg Ao UL h&lsEr-AahShornBl &rexthef vérli $hay be

I nvention 1s it conprlses séquences encodi ng
used t& GUbi 'ﬁEu&rﬂﬁ&ﬁsrg?&télt Qf-‘ptl des and sequences
encodi ng proteins to rgeted (e.g., enzynes or

catal yti c domains thereof i ncl udi ng but not |inited

(0044} o Supporingthe roofdnthase “gqyy satadues te)need dormpvidingsgrsess to the
enbodi nent, a conbinatorial nucleic acid |library

top Ofébfnﬂﬁ«’ltémsmot- aYhigt in| tugs can glimingtd the oeedfoi vertipabladders on the inside
encodi ng different cellular targeting signal peptides;

wall ofiiet tank. Blimisdsg ladderniosiess emiasion pesgbidiies encodi ng a
pol ypeptide to be targeted. In another enmbodi ment,

[()045'?‘C Oﬂpk H@gcglr hg of U&tll der%ddgm“tp ofhe i lg%ﬂ?foh%gg lbfaér?grogided for

one el Cc acl sequence encodl ng a
f | b t | [, t
oS540 i k2 gev 85811 gy s
h As de d th
the ar Rl AR B i isdavenieny e Pl e o Rt Y enfion et forth im the

foll aci d sequence derived from(b) are ligated to produce
° °“6ﬁ%°BPnﬁDre fusion constructs encoding a cellular
targeting signal peptide functionally linked to a
pol ypepti de domain of interest. One exanple of a
functional linkage is when the cellular targeting
signal peptide is ligated tqgthe pol ypepti de domai n of
interest in the sane translational reading frane
("in-frame"). [0230] h a preferred enbodi nent, a
conbi natorial DNA |ibrary expresses one or nore fusion
protelns conpr|3|ng ceIIuIar targetlng S|gnal pepti des

o, T



C
1

aut ononmous replication in a host cell, are selected as
a function of which particular host cell is chosen.
weeleatdean criteria for suitable vector conponpot/sgsioor/o11274
use in a particular mammalian or a | ower eukaryotic
host cell are routine. Preferred | ower eukaryotic host
cells of the invention include but are not limted to:
any Pichia sp., including but limted to: Pichia
pastoris, Pichia fintandica, Pichia trehal ophila,
Pi chi a kocl amae, Pichia nenbranaefaci ens, Pichia
opuntiae, Pichia thernotol erans, Pichia salictaria,
'schi a guercuum Pichia pijperi, Pichia stiptis and

L chi a net hanol i ca; any Saccharonyces sp including but
not. limied. t [ es .cereyl.si ae; senul a
A 314 b P oo TR B LR e B Il R ARSI

top Isifadecahdt ie dKdigiyadetoanyaeeertieally withinahe wdl, Abdingapon

Aspergid | us ni dul ans: Asperqi.l | ni ger; Aspergillus
the Bﬁﬁ%gp’f?ﬁ?‘t“ﬁﬁﬁé“rﬁﬁ tP‘éEaé’gi t,h%é?fpgé%’é?%ri um | ucknowense;
aBYlelt DAL idedTh OnitREtdoliWith ALdpendtig dpabid &dh digiifiatgari um
tgr am neum and Fusari um venenat un and Neur ospora

ancesabove Wftor spHacqfdhe fecksiagtli a pastoris, suitable
PE@IBGR  that! dhablés the thp suf¥ X the dbéieto MWt ited AW drd e PDH
and P40 pronoters. Selectable Markers [0249] It is
draig| apsnpef er abl e to provi de each construct with at

| east one sel ectable marker, such as a gene to inpart
A stbrhisk tafR bS FRNEE irPElain® 1 CRIWhRARKY rodf ROSpan b ARthi 2

Il esion. The presence of the marker is useful in the
periphgrabHifent sel ection of transformants; for exanple, in
yeast the URL3, HI S4, SUC2, (418, BLA, or SHBLE genes

A stR¥gdankl8&ebcitdd MitThinh W0 Which Shedof B £buIRRGAES rédfe
known and avail able for use in yeast, fungi, plant,

with g pgapheraboperton hulidhigad corapatment Apgts eniakepeadprps. A

bulkRlaf drdfindehansf orm ng yeast cells by inactivating
alternately at |east two biosynthetic pathways in

dis

nmet hyl ot rophi c_yeast is, described in US2004/ 0229306,

. A stomarsiank a3 1egHES In glaum Lty Whish g rapfishPAReoTHE0E pjth

a pripRFdIPbaioed. herein by reference. The nethod invol ves
(a) inactivating a first yeast gene in a pathway
i nvol ved in synthesjzing an, am no acid qr a nucleotide
A stozpgectapk) as Fesied %Clﬁ%ﬂipmc‘ﬁh!?P dhs ??be?a byhaid ioef with a
per@hﬁa!ﬂF@&_ooH'aﬁ& h dbmeal op¥sitdScopirtheiti ne, proline and
uracil with a first selectable marker thereby -

renderi the host. auxotrophjc for the am po acid or
A sipregeiank ds recyirdiin ¢aim dpin vhisha ceatralpprionelbindosfdast
no @efethant ihéxpathibe, sane pat hway that was inactivated in
(a) involved in synthesizing an amno acid or a
ucl eotj de sel ected. fromthe group consi St]j of _.
A skpten Rk a5 pesiteg uCizim 4 IgvRISh 3 catralportion s B roef is
no REOIhana/FMehchfidek.l usi ng the yeast gene that was
inactivated in (a) as a second sel ectabl e marker.

Transformation,[0250] ,The nucleic acid Library is.then
A i RSB FREFTAR (7 SR Aok wBIER 4 ol 5 fragsarifacily gt
steet @nd e IsgightroftalpeéiphéraDhih o1 theSb6f is idYndre thiiesbous uch as
Lelectroporation, the lithiumchloride nmethod, or the
30spheroplast nmet hod. In filanmentous fungi and pl ant
cells, conventional nethods include particle
A stoagreadkantecited &célaimp 0] il which aingti e ghactufy dniables
th geq{at%d traTsfornation. Toproduce a stable strain
e g6t Lo 8P egh- densi ty culture (e.g., fernentation
in yeast), it is desirable to integrate the DNA
library constructs into the host chronosone. In a
preferred enbodi nent, integr@ti on occurs via
honol ogous reconbi nati on, using techni ques wel | - known
in the art. For exanple, DNA |ibrary elenents are
provided with flanki ng sequences honol ogous to
sequences of the host organism In this manner,

o 1 - e o,
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19.

targeting peptides and GnTl catal ytic domain fusion
constructs involved in producing glycoproteins with

weroedoesweniant | y G cNAcMansd cNAc2 structure. BExaomts2007011274
di scl oses the use of a sialyltransferase fusion
construct and two different GiTlIl and Mannl | fusion
constructs. Using Miultiple Fusion Constructs To Alter
Host Cell @ ycosylation [0268] In another exanple of
using the nmethods and |ibraries of the invention to
alter host cell glycosylation, a P.pastoris strain
with an OCH deletion that expresses a reporter

roteln s tran for

A SR tells b QAP T o R Pk S sl e s

deckltr@ultmmﬂmb]lytn to convert hi gh mannose N-glycans to
human- | i ke N-gl ycans (Exarrpl e 15). First, the

A SRS 3E Bl R RIS B el SRS e, S0

cabl%s [eafheuting mémmdradfrmobfﬁ) elavitedipdmmgms of the tank.
mannosyl transferases activity (i.e. ochl deletion;

A SW‘?“ é eﬁ&é ﬁﬁ’? iBl : %Fg ggeotggljng g e otgfénlg Cltélnl ©s

cabld@EoﬁimdtdAg dhﬁfaaﬁtgmﬂsmf thearoof conad overhed fixed moof.ease
further production of 3 cNAcMan53 cNAc2. The addition

s kR AL RS ARSIl o
cabidsratachegitoidiffersttr setahsi of the gaof BOBiffefdnt chl:vapﬁ&l 04
conprising SaccharonycesM\N9 (s)/human GhTlI D38 was

0 . . Strai - . S strain is
A sBHEORHESE ok Rid el A Pyl My B ab AR | D
selfsécilihgedatiles.t he art that host cells such as the
above- descri bed yeast strains can be seqguentially
; e
A shgrBRolal SE AR P, RADELE WAL HRuOR, bR o
suppox!sethaoéxtbndiﬁsmodlﬁfatqnopantsoiitbc bptemioftheardof. rel evant
.in producing the glycoprotein of interest. The skilled
e
e R S
suppessr thas extnnd frerrpqhﬂ‘dm pants. of the bettoinyod e oiofi diffefent
sup'k)glttgrl %}9 ﬁ]égt?véﬂg tance of using a particular
ar ge n pep de sequen WI th a particular catalytic
domai n sequence becones readlly apparent fromthe
A storpes tanis s secited i ¢lpisw 1hierwhigh theniélting strnetireoinchideHNA
suppbit ol B B hetfiRieR rbPloty W R RERPHRIBI B e
bottany obthegbef.n of i nterest, which is especially useful
i n produci ng human-Iike glycoproteins. (Any enzyne
A sﬁdﬁ%@&nk Q?\‘@:Yt@& in &8 18 fiRhilds @Hué #xmﬁﬂuﬁés and
the 1 nvention Desi red rans
suppeyss that mgbegprv@tvﬂuramete}y taexjendeat, differenieffegtive
H5aD ﬂﬁ: gﬁ gl ycans of the
fen rguct u[rie ?&pkgﬁué%%as S odvlvrgn%onf Fi gs. 5D and 5E.
Th| s confers a reduced nol ecul ar nass to the cl eaved
A sirggatank @apreited in elaimd, kewhich theedrghy eneningdsjande| et i on
L. Byai DL oo metry
aulSinaft, Braifd oot (5] REpactaHork 2 " SollARS | aP A kL0 e
oftheddck.o produce another secreted gl ycoprot ein: EFN—/3
conprising predom nantly MaUsG cNAc . The Mansd3 cNAc 2
was renoved by PNGase digestion (Papac et al. 1998)
and subjected to MALDI - TCF as shown in Fig. 6A -6F. A
singl e prom nent peak at 1254 (mz) confirms
Mansd cNAa production on IFN- b in Figs. 6E (pGCh)
(Saccharonyces MNSI (m/ nousk mannosi dase | B D99) and
6F (pFB8) (Saccharonyces SEC12 (m)/nobuse mannosi dase
| A D187). Furthernore, in the P.pastoris strain PBP-3
conpri sing pFB8 {Saccharonyces SECl 2 (m/nouse
mannosi dase | A D187) pPBlO4 (Saccharonyces M\IN9
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[0021] FIG 7 is an enlarged, cross-sectiona
el evati onal view of one of the drains on the pontoon
wo omf/18d6741 g. 3. [0022] FIG 8 is an el evati onedT/US2007/011274
cross-sectional view of a storage tank with a pan roof
suspended in a low position. [0023] FIG 9 is an
el evati onal cross-sectional view of a storage tank
with a bul kheaded roof suspended in a | ow position.
[0024] FIG 10 is a detailed view of a possible
| andi ng support for the roof. DETAILED DESCRI PTI ON
[0025] Exanples of storage tanks with the new

0 n pe, seen. in_the
A s%’%g%:’rtg@?a%%ﬁeé } 915 n?gt ed 01}18}3& 1 °penﬂg Bf"a stor age
autdéraatic drdirt ds;a:tmx@nhabs spaced ffom 35t@pT nlgovlei thelbdgorat
udﬁtnpé&h ric pressure. Each illustrated floating roof
6eoLthgdefk-14 with a top surface 16, a bottom surface
an outer rim20, and a plurality of drains 22.
A s(o@ﬁgféa}a:ﬂa'herdmed iril€laimh 1§ imewhiah kheld}aml dpeaingatad in fig.

lis relatively th r oof . conve onal pan
auiqryegie frary it is i ShoSlper g perichs % ound
3/16" thick, and the rimis typlcally around 15- 22"
A storggde. tarllhes reeited &l clpio 1 ithat ha6 a pluraliy dfldraintopedhiag r oof
IS nI about 1/8" thick, and the peripheral rim20 is
“mﬁﬁﬁﬁﬁ M§ 8Py 12" high. The illustrated roof is made
of steel, although simlar roofs could be nmade of
A swirkgertaniabereacitéd jn claoi 1a8 v\aiicumha dn3in openpog it zm mat er ial,

or .ot her non- net i 0027] The
cur el e PEP AT (e erl A PR P gy g ©
opeatingnoni cal when storing corrosive products. A
stainl ess steel roof offers several advantages over a
ar b qn st eel of .,For a stainpless steel roof
A sEfigaR 5T et ooPha 8 Phodies iplshefionesit  eq
disfosed Aeat anloaersimel roof. It al so should not require
undersi de seal welding or painting. In those cases, it
may be possible to install a reduced-thickness
stainless steel roof at a cost that is conparable to
the cost of a traditional carbon steel roof. [0028]
Wth the invention, other arrangenents can al so be
used for a floating roof. For exanple, the roof 10 of
the tank illustrated in fig. 2 is a bul kheaded pan
roof. Deck rimpartitions 32 divide the top of the
roof, confining any liquid that may get on the top of
the deck 14 to individual open-topped conpartnents 34.
The roof 10 of the tank illustrated in fig. 3 is a
pont oon roof. A closed pontoon 36 surrounds the roof.
The illustrated pontoons are approxi mately 21" high
and approximately 7 feet wwde. Deck rimpartitions 32
and a pontoon 36.can al so be used together in a hybrid
roof, as seen in fig. 4. The sizes and . di nmensions of
the various parts of the roof can vary as needed In
these exanples, the top i : - surface 16 of the deck
is below the surface 40 of the product stored in the
tank.; [0029] The rimon a conventional pan roof on a
150 -dianeter tank may be 21" or higher. A floating
roof 10 using the new design that is nade of stainless
steel with a thickness in the range of 0.105" to
0. 135" would allow the height of the rim20 to be
| owered to 18" or less for a 150" -dianmeter tank. Wth
a pontoon roof, 18" may be viewed as a m ni num hei ght
needed to allow access for internal welding and
i nspection of the pontoon 34. In other cases, the rim
hei ght coul d be even furthen3l owered, reducing the
roof wei ght even further and addi ng even nore
effective capacity to the tank. [0030] The roofs 10
illustrated in the figures nove vertically wthin a
sheII wal | 50 of the tank 12, floatlng upon the
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