GLYCOSYLATION OF MOLECULES
Technical Field The invention relates to
methods of obtaining g(l)ycosylated molecules,
. GLYCOSYEATION OF MOT.ECULES
particularly protein and lipid molecules.
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heta-D-mannosidase, alpha L fucosidase.
arylsolfatase 43. aryl.] laQsc A, alpha-N-
ISacteO gniacrosammidase,
aspartylglucosaminidase,
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In yet another gspect, the disclosure provlidcs: (a) an isolatcc nugcleotide sequence
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she p@fal@}xﬁ!]g@l@s;ﬁrbq@raimy @fethegalgrotein The method
ige § g any of desgribed ¢ nder conditions permitting th

d e?}\t;fsi;g‘néuyi éﬁgt\lé? T Q_ !iqéi’anéﬁQﬁcgjg il§ﬁ§)(§i§ ﬁ%ﬂéﬁe’ie N
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non,pratuMs, tha.LAM,.nctolagous.2ffilil10
add-sequencestrelenttoanMure:ae idwl o
2088 iIEfite Bner i Al A fisslon prafoll, ™
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05, at least 70, at ;east 15, at Jeast 80, at least

gous SCqﬂenCes car 1 some cases cad bea longer

85,0t 12ast Q0 Q¥ bkl G Sin ML &R RIBIE )-adMiN 0
aCIdS i‘ﬂfﬂ@ﬂtg'the’d lﬂ’_‘@‘lt‘@i@e‘w‘ o[{r almi\i}iehat is shorter than a

fragiigits. orbioloaicil 1D Ackve Variantsat the
target Preieins or-proteins HaVHR Gs 1. ot s 12, atlest 15,
N-glyeamelatiof actvity tdve at Nast 789,
am.g., at Nest 30%; 40.5%; 50%; 60%; 10%;
75%; 8%@%8@%?90%?@5%369@5‘9@? ;?83&;:;02 N
9995 9956, A 100V 0 EVen dreater.of the
activityef.the. wilgstype-full-tetigthymatusesen
pro*t‘é?r‘r,“ﬂ M the=ze e of e targrm protein’ e

. engineered cell. In the case of.a protein having NzglyCOsylation activity, the refevant activity is
mievant.activity is the ability’ Obte ‘taro pugsde
to underge altered N-glyeosatlation inas o

{ all (Ve vprmss thereof can be of col 1ch ps, e.gp funeus (jucluding vemst
g e ﬁﬁ;«tﬂééﬂylag;\ﬁ%dﬁggg ggrt gqu S ?ﬁllse@t, t‘\unéfhgnaelg értgn . Eo ?
pruicin having N-glycasylation acluivititythe ai.
relevant acti-N-glycosylation:agtivity.« meres e

proteins. An immunaganis iragment.is ore that has atleast;25% (e.g., at teast: 30%; 40%; 50%;
Dep&%gh@g&(m, mqy/;, LQZ%Q%QQQU/é» l'(}(;th; &ven more) of the
poteins-biolagically-active. Fagments; ok c..m=
Biolggicatty activevariarts timm mat veof any

fragnient of a protein js one having at least 25% (e.g., at least: 30%; 40%: 50%; 60%; 70%; 75%;
S p%&l %%19(&“9/1}7@;&%,@909 99.5 mgus eéi@l@j“dlﬂ gility of the
yeast), nematode;-insectyd)ylanty.bird; mptid:

e mratein X

or maririal (age a mouse, rat, mail, hamster,
gerablllg NngglyZlOmQ@;mgQat@. pl’@esmenmgseigy); (ii)
whale, motfroy, or humap). In come
embodiments. biologically active framnents or
hiologittaily ne.iive. sari,IMS include

immunogenic and antigenic fragments of the



5synthesis, modification, or transporter
activity Shodilimitioe of catty or mese N-lhiked
mas?nn:d ycans et m0|eC}1J! nC|Ude Elu§ed glycans

cmovmgN I ataraet molecule, (i) mo lfylng one or more

acu@mgcoiﬂad IRisilQayiphilnpilninaiilanaplions,
Neﬂgfy ‘& kalaSaia ﬁhﬂep'hasaseV‘amiml}?

? d'f\i‘z:é‘ig;:itﬂ‘\::[ilﬂ“ OGIda h‘d§\/@%?y i Hﬁiwst Siﬁ§é:i; ‘ycam on
kl n;a&enrﬂ@ﬁe htxylmgmthatxaalt@r@lsh@sfem% activity, a kinase

phosphiorytatior “‘stat“é“ﬁfyl“\‘lgfl‘iﬁktﬁi”glyé'éfﬂ%“on

phosphatase actlvny that alters the phosphorylation state of N-linked ‘ans on target

targetmolecules. toAs used herein. to
'ge netma"yeen gzmeemaeoceﬂl ore;digenesiratly: i
is: B EEI A E TIKE N oIogy TRTEFS 6

mo ifie: Tycmv ation activity in the cell as compared to a non-genet cngmeered ceH

any.ardlicially.created.gmietic.Mg:ratio.of a.
celrthéatresults irrat'leastoriemodifred " *

Xi< human cell)). Thus, |t is understood tha 'llll.{t(,lya”\( create j’]geneuc alterations do not include,

§gﬂlp\4'gr9§¥ Q‘LI\O D{alapg laIEIl z§ @agg @#Sibed below (see
compared:te-a-is»eenerically engineered cell

le.g. LAl i Stieh 28"y T AT A (A

uclejc acid of )ii)l peptide that oceyrs i, or is produced by resrcclwely a biologt

di dall. .4.rlda euirninivarauP cell. other
re:ated-Sptta;tatacorysice »Cant tien 11 piatht
CeI‘IIOdEﬁr‘ éﬁmécﬁ[ rfﬁrs l(1 é“cl(éldgl;)::l cp%éﬁ_lahpiotc nﬁv{l::i;é\le"

glhcosylation activity) thal Is not erive: € same species as

SuGh)ra@y& uISSh&lal @Txat&@ 10@“})1 lvl h&s arl,t[hlvmllnt occur in, or
Hnd@r@t@bd“t‘h‘at Cartificiglty-created genetic

Che term Tﬂvéennus as used hclem witlf reference to nucleic acid and a particular host
n

alteyations,d@ nat include, &0, SRotiarsons.
anitatibMXoXxampleselartificiak genetic.: o v

alterattoris ar tesetiliey beloly sees =

30 . naturally-oceurring nucleic acjds can contain nucleic acid subsequences or fragments of nucleie
Mimetically. Engineer.ed Gells) ac.dWAscuse
herein, the term "wild-type" as applied to a
nucleic acid or polypeptide ref., to a nucleic
acid on a polspeptide Mat OCCILYS it. tar is
produced Soy respectlvely, a blologlcal

o~ o




produced by PCR or restriction Manuel:me
trea[111Cla'NCH as cli)N As nincrinsidsed In
he nonnantrallymecurring nucleig acid since

nature. l'or_ exampie, a nu Mol ining a genoml Sequiende withi an
they-exist-as.separate molecules net-fowad-in
naturecit-alst foltows thet dnynercleic eid™

plus vector.DNA) does not exist in nalurc..Thus, any vector, autonor ously replicating plasmid,
cohtaining. a.Aromote; minimanal
kolypeplideAncoding -tBsequence{mgr cBNA
angengiiit DAY I an dfranueoiim UL .-

Ful L, LIQRIG is.nn-naturallys Qeekiring
nu erle‘te(cacfpdﬁ Agerl?um@p@ %féana)tﬁllsd in nature is non-naturally-

C urrinfr’nucleic acid. A nucieic acid that is n: ural]y-occurringcan be ex@fcno 510 &

un [Q;Ficular MSQIQQQID z!ln:lgmgqﬁ'lmxsheemoﬁég zecc I(Z-S)t St igana
patticulascell.Farexanples an @AHE i o o

Li?101%+10,0111e ISOblled 60111 a cell of

It will be ciear from the above that "exogenous” nujlciqacids can be "homglogous™ or

lflear@tol onSn@I‘J a%Qg@QQ1u§n QIUOQ lgxlscasa;gllgeiv\‘/lxt réference
i m p@ﬂtw‘t@isﬁ @@ totﬂ)_!cﬁnyeA@t %ly;1@1m@s tha:t) and a parlicvu]ar cell
ch@i’f‘;@ﬁfﬁé"@?ﬁ‘f?‘éd GREd i ts A EEN O YEast
M- 15 It/\wii“ushen Ql@@fvcﬂ;@m atb&:sanuseelmagta Y. lipolytica
demgerionsSIMICICIC ik eim figreto et
L. exogenoys nucleic acid, Howevgythe ALG6 projein coding sequence and the ALGO proteir
haifigIig0vS:, OF Heteitlogatse meleic.dcids
lllamilmsyl RL)2llMaidegiericush asused hei
it refetencertohiucidic acitis: migans (tv
however, the ALG6 protein coding sequence and the ALGS protein prodyced BY it are
orqtems. encaded:hy the nucleic acids or
genes+ aadapatriiet-alarcelrelkletorany-/mode,
Sgnseg ramater s recoonized b qperase, whic injtiates transqpiption.
%C Igust,i agpi.m gﬁgmmé‘tqug g:tlg ?théqumljjirc(%ﬁer §§ﬁvc:p:1 the
(0] kt@mt&diﬁ@m)ema@p&mt@wﬁﬁ Qledc “enhancer regions,”
asiact,td117111111.C. 20As an illustration
oleic move t onmpts. aE es pressim p lasmid
encoding a 11 hpointlica ALES) protein the] is

imoslomice into ncell is, with respect to that

oes not exist in nature is



which arc suit or nom legions or DNA Mat can
bebound with prsotetns toarnely. the
trans-aoiittg Motors, much like a sort e

which are ong or nlore regions of DNA that_can be bound with proteins (namely, the trans-acting

| braﬂs&“ Ilp LLlereraam f§)1st9er%mhlan981 levels of genes (hence
transcription-fevets-of genes (héheé e 'Hame)

also be scgate fr)m a mmole ucnw and, LF_!i be, e within an n uc r?y)n ofa gcx

I’sn E]ng cading region ogw gene. e en er W p Ca
at th e /bk&na:lltflalél;atllagﬂ{éﬁgi@n]’(c(&aﬁkﬁuc construct to@

Incrseparate-frofia (p’f‘dﬁ"fﬁ*t‘ét" TeteE Erid

Variants of any of the I ucleic acid seqpences described herein (e.g., the HACI sequences

canpe.8gw WIthin AR AAONIC.LLINQLA. ...«
gonre-erbH3! to-the ﬂ@dt mg-regionofthegene.

0 ¢ [eaa tlca t=a 3 hol s (identical) to the
AS i[!; lypéegtcigcéauwcaéme ﬁh wn] type qjlex!jl(cén e 19®1§%m naturc or can be

incarporated.into.a.genetic. construct.to-Mab
eXF’FEE‘S‘Sﬂ'W armbit seuences effectively m

trfu. tld sequences, murine nuclc:crld sequences, or any other species that contains i

EXRIESSION QF.8.L0AING, SEUUENGR O
INt@r@&k:s e Mafiants el any-of inucleie-acid
segygﬂggg‘; eribEd HerEin @y e RAC™
leeLlegllCes. ELS depleted.in SEQIDNQ:L or
S E<®5@R5€(€ap®*‘iaWﬂ Srmynathatsfgmme oo
hoffiBTEGAUS, et d 1tE Setiehice Bearing at,
Ieabsteabaulxdmem#e(okg rableast.about. 75%, at
*ea?;??‘f"f’?‘9“?9""3:12?%%??i?};b@“‘iﬁiéﬁﬁii‘%ﬁ‘;'i@/%ﬂ;
abg{ifd0vs, af least-abotit. 9r%h..arat e
about (9%)mh0m®<l@gou&(ideﬁueacl)et@vtrﬂe length. In
wild e TUeteiC et SeUeHCE, S o
wild-fype 500151.0pera.can.be.isolated. from
nature or can he producgd by recombinant or
synthetic methods. | ithe w ildurype sequence
nucleic acid can ern, crentourallo 000:11111g

Immo. nucleic acid sequences, monkey 15



least 70% at least 80%, at Icatt 90%, at least
950X, EI Ieast 96% at least 97%, at least

980 gmc rom naturz§ Sr récoml n(nt sourmp !\%Lml dxrearxn)uctapyn@esw) are
RE:mMho/Rion.-domaite oF segmentof the.wild

typ& nuchsic &cie of interest” g“th’e“r fAC1

n some,embodiments, a variant nucleic acid de: have a sequence

MQE..atid. setliehces.as.depicied in SER.1)
N O P SkfdD: N7 )| rrsountcmhochmeras,

a variantiuetee deiy settiet e"qf‘lrmwgggbﬁ‘t

of interest (e.g., the HACT nucleic acid sequences cplcte in SEQ 1D

have, o, seguence LAcampLising: eno.okd
Taﬁd@;’“’“*""""“““‘"‘?E?"“‘J?'@ﬁ‘iﬁﬂ}iwjﬁ!@@{?"“ e
Com:wr[%(::iﬁtﬁg Sb;géé:g tglgnfccn <:ccxixc ndzbemgl.@smsexjesuh
segment.orthewild Hyper-nucieie-aeiekins hving s
seguniet; ERiCEICC PHplerarmarty jeffic

15 utt]he case b?\/\ af modltxeéj [\) are app 1sed to each other, and the guapints 1nd cytosines

to t Epog QmJEn@ Jnu;ym \M@ﬁnq S(Q&gll»uaqucnccs that
nitj ¥ GHMIS basesa:saesme eh/ﬂbhewl%udi'regen
bOﬁﬁlrﬁg 157 (écrfi é§ jt:é;?:iﬁuliié el N0, y‘éal] dn“bf“i\f\‘imcx

mo can also be uses betwc two nucleic ac:d

M U &1&[1; E nalcd dd@hm%rlwnga bﬁﬁi&r variant thereof, can be
SEEMEIREC,EECHTF that anfirriomn 1P duplex

robeof a LACI nucleotide sequence, e.g.,the HAC

ertain probe gf interest (e, ]
ca) fat Whete the.oknines, and. at. rlls.or.
thymlnewol@xnmthe G, BCraf-DNA-srrmodified
Ay dre apposed T EECH PINT 80 d g o
kno i to those skif 1 the art and can be found in Current Protocols in Molecular Biology,
guam ines and zytosines.alc appesed.L0.each
other)-Fully-complementary set auenceg:er:
3| 1 O Lo Sl ingent condity @ar mcd as Lqmvalem to
gb v?bndl/auon ugxljo |um§dc§$ﬁ' tréatt](g% at m low ?})y awashin0.2X
completeare to one correspondence
(ladarrons: ira nracilahymidine Elld guanine to
cytosine) of the hoe sequences when the
nockOride SEAELICIICCS f01111 an

antlparallel duplex Hhhrldlntlon can also be

Pn A A o oA ]l




100ther features and advantages of the
invention. e.g., methods of producing altered
le- glycosylatinn molecules. will he apparent
from she following: detaﬂedﬂe&s@ﬁamemide
Marrtire-Brief Besctiption-of theDraninas™
ongs. Although methods and materials ‘:um[ ar, :rcquwa]uulo th edescub ] herein can be
15K, L1848 Schematic. diadram. depichng... .
Neglyean pl@11ls01:688)s. nﬂtt%be‘dﬁthessp@aﬁ]i
end® Téf%’ﬁ“‘\"it‘"fétﬁ‘iael”“élr“ﬁa‘e@éﬁré@\m‘i‘f)‘%' fncase of

conﬂl ‘ thzjrcsent application, mcludmb definitions, will control. The materials, methods, and

encoded.protein.has.an.astivity merlinting she
Smiicssied-enzymatic: conXersSions rare i N-
Shﬁﬁéﬂiohﬁilé:sswi(léeago:\re frri I;lowm delalled escrf)lw,ﬂl tjl;bt\l]e
and "1 M1P" refer to uridine cllphosphate and
uridine monophosphateryéspeetively. "GDP"
and "NMAW* reférte’ Uéﬁ%@lﬁé"ﬁ‘pheﬁs‘ Hate

ndoplasmic reticulum. Genes whose ¢) odcd protein has an activity mediating the mdlcated

and,guisnosing. monesphomhale respectively.
Minttrefers-to M- 20auvetylghlicosarmisia: "
refets "’é?ﬁ”hl’Tl’gﬂﬁANAfﬂ“Tlﬂ’hA Mg QSC';MQ .

ylgiucosamin refers to monomeric mannose, G refe e, PiTe

1.AGISTh glucose, Pire less In phosphate
g 2 5% stherratic didgrarrdegitting s

iu,u lum.

YEANMECSEESSING. IS SNE.YEAT . s corevivie o
en@i@ PlaSmIE-r@HIBLHIMsm activiy medul?nt@ umﬁem matic
SChermes: it ﬁWH&PT@ﬁﬁ N-aglymn,, ...
pracessing In the .1 n:Te,sioe Golg|
25ap p&raiuse-llGNr@g whoseencoded proteint
lad & &&tiity mearating the idicated
enzymatic eonversioissayeiinhaded boxes re
g., 00111: middle Sea). Fig.4is a
schematic diagram depieting dm stradurg of

the various N-Myean structures described



Further treated with cr-1,2 mmulosihso A
n,lysk was mrformed using DNA

seqte AQeNassSheek Mamphnl-e:sIged .
carbehydrate-electropheresis (USA-FACET
"N 153™"MOT" F—.'“I\I“@”g‘““N?I’N"g”E"’r‘hﬁ“"‘VF’Q“““"”Fé’fer

o tained from \w]L}Dtypc Yarrowia hpalyt ca cells or g,lyws;latmn mutant (. "Aoch cI9,

%Ir‘lnldlm @1(&159 u[ﬂ@ﬂ%ﬁﬂx I%SIQHQQSQ@KWMN were
ugaﬁedmwwthnez limeN-ricetylplierngamin@e-ssis.

strifctorlire Y2axis represerits the're lative ™

and “M9,” “refer ta the number of mannose es conjugated to the bage N-acetylglucosamine

residu
| |eQr[&§t|lQ:r\L!le‘ cMn lt%c @I@ u‘iﬂdlg altllig m Qfam @lhe amount of
am@um Mot@@R@ iref-the-mannosesiructures.

ThE XS a8 o re SOTITSEErIE OBty 6f

asa mobx ity stan:

each cpmplexJnannese.uciurethrough asgel
Therto pbe@t‘i’cfffwrgmmgﬂ" S“larr anglygs of
Sligomaltase forise as amability:standard..
Fige8k- a-schematic-ciagranmvdepicting the v
clofiti “§t%§fégy for coravistac MKFSy et

mannost regidues conjugaied to lhc base N- acn,t lglucmumnc structure. The Y-axis GClLbelﬂs

Chaﬂtﬂ( apea)@s%p@\m rclb@:ﬁ'@ntgt fsh am@eﬁae@ structure through a gel.
sisplo maltese for se as n standard
OIC[é&ﬁé‘ §%§© malx nggrdma;eépﬁrlgett![l] ng SL f/faﬁl\ml 5§KImS

of s&creted glyeopnAcinsobwined tbom 1160
eells refssmg*ewﬂ'dsf y é"(Wi‘ Qfﬁ‘s 4

yeopro|

yarig.u,fés;ﬁiﬁi B2 140, 2731, O ‘fil;ili‘f;?‘“
122695(52: FIGRR273ik «ddo orM@m: [pasw©
md!;??lﬁ?;g: ATTellysIS WS petfored usitg .
USA:EAGE o iMaue MO x3443L: M S mM@TI'
"refers to the manger ol mannose residues
Datilegattid to 1130 hose N-asetylgltiC OMIT
lire structure. The 1/-aNiL, represents 20else

relative lluoreseDay units as an infiltration of



5Fig. 13 is a series or clecirotthograins
depicting el-elk-can anaiwis of mannoproteins

and phesphornathoorocing obtained fram..
wild-type.M4 1.1910:cells or various clones of

g chog"yk{isesﬂmmatic diagram depi(i'n;grtafﬂtgeéﬁ@nag-galacmsidase

ISn di%eé‘féva ;lr:s'egclg@’:u!»ggjaqgggfﬁg m@ch\tln@lsgl%‘u\nj)§ol§eand
Mr{a3-kneeLout FAlMOvoverespressions
indicates mat the amide produce brALoe e
“ALG6 overexpression” indigates that the protein product of ALGG is overexpressed in the cell.
owl:gxpressed.nsthecell Analash. mvas: e o o
perfirmedusing RS FACENBrEE QX 6, -
N ALSPEESEN relgdve [Tuotesceieg Uititaas #fy indicagon of the aippunt of each of the mannoge
ME MBS TR X 190 Fetat (o the nlimber tel

thannoseresidues.conjugated-tothebase: u..s
Natugdytalueusamine sit Lamm. The 1-baxis

15 Fig. 14 is a sefies of ¢} cllmfe.rogram epicting N-glycan analysis of magnoproteins and
represents. g iblaive Hilorescence. units as an
indication-erds ameuntofeach:ptithesmannose

ARG ression” indicates ingrosned of AlGE is ove rgssedd cell.
Strg\é:mrggt the same position\ll!xﬁ/lég\nizgﬁ/\xi;%e tigpel§§<§)ﬁf§ fy\jin two
relative.mobility.of.Caeh cumMes.ithonase
stoie~fempthrough-a prilyacrylamide gel:Fhe

wa ppaks tun at adistance of about one apd olyco-unity and are not affected by a-1,2-

topmagléldmmjﬁ(r@ugte%mj (énc aﬁ:céumé;l( 1 §1|1§nn<§s)i§asc (JB)ydigcslion._
oligarneitose fotuse as.amaobility,standanesis.
BFigh L4 miiseries Of eleTtroferogramgy: oo

nupber.of mans residues conjugated to the chitobiase core structure. The Y-axis represents
d € R! Qi!‘a gm&§1g‘t¥tt§tﬂm@m<@‘!kl§&§mt of each of the mannose structures.
OthmmadaﬁmmﬁhaMacla complex mannose structure through a gel.
pO h &ﬁﬁgﬁﬁﬂmngj 1@§:gﬁ§}g§jﬁglg$trl@tlﬁ;il?) sequence
wildztype MILY.60 cells ar.caraus Month.of
gimosylaion mutant cells, as indicated "alga”
inditthes that the eel! iS all At-Oil knockout.
"AlA16 orerexpression” indicates that the

poiwin produel of ALCM is ovdexpressed in



Fig. 19i, char graph depicting the comparison
or tile'' Entice accession levels of KAHN
mRNA, Clones M 4. and 5 if chin ,piasaoei.s

enomic HACH DN/\ sequence (SEQ D NO: 5). The boxed sequence rcspon

GSMA.Larik).ware gloom on methanol as
carbong source 4385 fant fditroger to-ther-

snm of lc/mﬁ mmn and ?mchammwn cerevisiae. Nuiﬁmdgs in hold undertined a;

plesenl m lhe oop sn!gxrc g OWn On me an as Carbon
sou IC@; WRRIR S« 13 Vel op s and: B fefer torthe
csitaitierelones giewiy ot gtutose as'carbon

pastoris cultyr

solirce, ISThe.1l.axissepresents. the.selative
expressionsithe HARZ-geneusing reaktime
Fig. 191 raf iclin. i at 0 evi AR2
PC Rﬁ/\ (gilonej;: lil ;d ?([ rcphfgaiéorp Cgfj; gr?\b I;;iglgéftné mgimﬁgcar ﬁ
idative-expressian Jevel.of Karl.anedHAGC Lo souce
|n I )éNWmAtwe') Pretim fpals?mﬁ’s“cm‘ﬁeg fq{gn%fco
XIS I nts the refat XRression.of the sene using real-time
d Bale S:"b d::yp ln:ig Qes OQCJI gﬁgﬁﬁ“xemm\%
cIon&sc@L@w;L <mebhamaInasmareb@mg‘s@wth,mn
netis& = Eng gt afat tric mé"ﬁ’é’é‘pébﬁvéw"
glucose as caYbon source. TIE Y -axis represents the relative expless of the KAR2 gene using
clones grown on glucose as carbon
share¥ Jthmrretpr@@emll&thenre’fatwedeb@p’r’esgi@n

of thie CA.RIlgen, Using 20realidme NCR, Fig.
21 .is.a nt»h hentatie. thJJgé oam.depwUng Lthe and U8) of
cloningisnaegy corm:HNINNG expressiort imen.
Fig 22 18 4 Serles o1 IeeHaioUas .
depleting.Qthglycan.analysis of.glycoprateins
obfarnéd“fr*tam Noch I /I hino5Wica cells, alone,
Br caridis: oRee T4y Xy L INTIY T1g)
of 25 Serb 0 fipoljrica expressing YINANNe as
indicated Ana:suit, was performed WO it
DNA-FACE. The th-this wpwthnts tho naive

quorescence unlts as an |nd|cat|on of the

P Y~



obtained from Anti E hvolafir a cells. Tone. or
various Chilli', (1, 5, IN and | Fief stall IS lipri

eXOtI C]@g M‘g selﬁeISE)watmlglogrgwlsp EI!E @%Ldlnqu%15a't§copmtcms
Analysis was performed Wsing.-Wd S A-FAGE: s

VAIX""*”LI“I‘ﬂIiTﬁM1@““"ﬁP€N’¥‘“arYd“‘5'§fL9*'*”!“91"@15 t0-the

T'he Y-axis represents the relative fluorescgnee units as an indication o 1the a\ounl of
oslelzi

num‘bﬁm ANAURE, ) em@uﬁsb.mmu% & .nLQ
the-chitolvose: GOh-@r StuGH 8y NGs YoiakiSe for use

repﬁ”é@éh*t@ the relative fluorescence units Tom

Fig. 25isas atic diagram depicting the cloning strategy for an LIP2 chanHDEL
of h'of

indiptlion.JXof the amount of eac
man n®seTarsaetulre@nweer%ma\xwremesems the
reifiire’ ?ﬁ‘iﬂb"lfﬁg{’gﬁ“éé H%Qﬁ‘i plex m%’iﬁ'fé?@q

lipolytica expressing LIP2ManHDEL as indicated was per

Strl.vbﬁtblfse ;Ehi'@ugxh l\a gfelo ;I;lnmertgpnose residues conjugated to the
elemroier@gmn%danwaﬂ hfefrd ‘oligontaitosefor
of the amount of each 11 annosg structuges. The X-axis repl ts the relgve m bxla (>fd
US cacly 00me mgbl J(n e i lagl(iop electroferbg Iagi’s:!n Z\isﬂljb
27B.arc-aminongidawn. s of H ACI 120reill2
of Irorf=FRmyTé ar(iEie 274 SEQ D NO: 3y 4iid
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dimorphic yeast cells 10described herein), a

plimt cell, or ail animal cell) genetically




The target molecules having altered
N-glycosylation produced from the genetically
engingered. GRK.can.he.homoegeneusall,
altered: Nhgslzyce@syIaEl&@&&lO@U%Smont@nmg
n i cRllyin whigh e
MeSatiel SPCIfe Ne-dt jeariisthcurer oF.can
b echu:b)SLanl“ a-xuoyr «hmn@g\en&lQUS/ntBMh other than the
'subste mraHy he mﬂgléwequ§‘é ismesnt: Hmt&thg
cells, T about m-thlsc ntext mejns that the rel cvan rcentd can 15% percent o
alt% spqule %é!’ taga ove nrgp\,HEe spscn@tngcg qg @th l‘j ut 20%
20%:(Ng atleast 2b-shout2: 7%;1&slealstxwd a
@be‘u‘t‘ 3@% rattedst ’&Eﬁ‘fﬁf‘t‘ 3EoF At fe&St aBout

r frozen. e cullure mclutsz the Lells \::? inthe h uid of infon the semi-solid medium or
;Qu(;

I/ng sa‘ld e%’;uﬁ Q&’!xtc Ol Iaal[;WE arbgmagap /0
at least-about-b5%i atteast-about-6004:-at -
Ieagf a@ém:6§§1§:c:a &S;rl f—nclelpcanu slueg:l'ocrzga?m e as rthSt
ahemgpzlt'm%) xatﬂLea,s.tnabgmﬁﬂs;L(%Q;ycatul@astls
ab01!1{"8’5%A“?ﬁt‘:ﬁ?‘ﬁt‘ﬁ‘bﬁ(‘jﬁfﬂ%@“ "‘O’I’“%t‘(‘ifé‘aq:’“;
ab01T1 959, or at Teast abolit' 969%) of the
targetumokvules having-altered
151- gl?@ﬁ% fatiot “fb‘t‘ﬂ’ é“éé'd”ﬁy T geteticaily

meidCule. The mefhods generally i volvc the step of contacting a target mdlecule with one or
engineered.cell. LoWhem.the.genetically...
engineered-cell-inclad egwalﬁelw’n‘l’r?few lls deseried

i nt cll ¢ an animal gol nemal H’ISL bird, repgile, or mamma
N @ ?ﬁgléseyra r§7h| l}axnsHtlggtl 0, cat, g,oat ptb é}ﬁ@og’t ﬁhc monkey or
ph@smh@ryelamncafbmrmrgly@an an altered
Nrgilyeusyladon forft-ofattired mofeculeeah

Yaryo mhpolylca rxula aden, 1A, Or any other rcldteddl rphlcyeistcel]s

Qa\géll@(f g@'ﬁ) bQMIdxzszelggcn ITI Q'urlusl one
27%qrat- lﬁ&&tm&b@utl“%%m@tﬂéﬁ\ﬁ&@@‘#\‘mmf‘ 35%,
at least about 40%, at Mast about 157e, at
least about 505), at West about 55%. at least
about 60%, at least about 65%, at least Myatt

70%, at Ieast about 755) oral least ahem

S 7P A PN



111111C generically cogincered cell) or can
be processed sat VII10 following isolation limn

WO, 30genetically enginistaml, sell oreell
Meeghum. oh:ne: flurther ProGessing: Gam 1R Gl flens
moifieations the or11102C; itegyrof« -
. encpding one or rpore enzymes which promote the synthesis of the fipid.
icsidues, ofthe.aligred farger molecule,or med
ifiethions to-the:altered «tureem-molecule other
theta gjﬁ iﬁ;ég;fyboéﬁ?ﬁg’l‘dﬂé‘§ ‘THe gduitional
processing. of.the. altered-net get plecule.can
inctude the ad d‘iﬁﬁﬁk@qvx&?e?’[?@ﬂp‘@ﬂg ‘rwlﬁaflei‘nt
joiffifid)0f & Heterologotix moiety stichas"a™
polymer.af a-cartier «khe-furtherprocessing.
carr #Se involvereHTSaritie cheesjasp o o
15 ormore N-glycan stenctyres. For example, the altered form of the target molecyle can contain
treatmeni-afihe, altered. targei malecule o v
Eneaniatie dmminentrean-iavolve-euntatting:
1133 Co(SLrugts for) 1Y; Figyd ic) nsGlc sgructural formula VII; Fig.
5th;)ém% JE%\E% lgitcaggcgﬁ mfil gﬁgﬂé“bﬁfﬁigﬂg(éﬂsmgté
of a:MNumididse.{Mg., mannosidsl,0,
mermareism=a phosphedigsterass; g«
engineeyed cells can be homogeneous (i.e., all altered N-glycosylation molecules containing the
phasahalinase. & dlicosuindiislerase. .orna
piumme-Fokantimeyulicienttonaduce cs. s
oifigation of the afreréd taryet ITIOIUGUIC,
leagt about 50%, at least about 55%. ag feast about 60%, at 8st about 65%, 1t least about 70%,
Er.yinalies 1 JEY Ik ELCARAIS0mMOISE. s s
contacting-the-attered-ta€getii®@ieChEiewithy

an ‘enzyihe talable of itmoying one N, mare
glucasesresidues.drom.AlaniGleNAcy.such.-as,
but 110t [111111.0dkl 11,10110SidaSC or
011C or both of the lasalpha and beta subunit
of a glimisidase li. Chemical manumit cm, ha

example, involve eget fintecif le



By -thi-glsomylation contliions" is moms-that a
Inot:ire (e.g.. of target molecule and cell

lysale) is.incubated underthat aHOW. Lk u s
a?101ky{d-M-glyenagdOritel (as: deseribeck
abbye): - " Suitaliie hetHots 1or oBtaifing g
lysiges.thatpreserse.the activity.Gr.dntegrits.af
moorimitrerN-gliycosylachr thedyoale e mpe-
incTdde e tSE, of il of Tate, hUFers analor..
inbibitem.inshiding-nikkease; prethsse-and:
6h§ﬁpg;ha{eméu]ﬁmﬂnﬁfho )a,tmpi égiélbvéc?@lfmn a%‘tivity.

. Wherdmultiple inducing cues inducg gonditional expression of one or more proteins havipg N-
minimize.changes UiN-glvgosykalon.activities
in the refrlysaler Sueh inhibitors inelode:-for
exatfibie, CHElTIH SUEH 4 SHivIenodisiine
tetrad:ce ilg;nmididiEB:liAtmamy&e RE GYCOhous nicieic
bisfPux amfﬂertﬁ gdref@etnl?er]ichl dil;cc‘tsl s?cr‘eti(.)n ol:ﬂ-le modl-ecule‘ frolm the
2 INNERIthaushcelie acid thilrAL pioease
inhibitors-such as phenylinethylhifenykdluetale
(PSTS) aprotinin teupery antibai A e ke,

target ptotein {or the target protein, itself), binding of a ligand specific for the altered targe!
and.phosphatascintIRIOES.AS e ot s o
ohetelintoseditltd1 liroririe. v&adnte and the
like, INHIBIOLS Call B EROSEH SUCH tHAt ey
do Det.interferewith or gird Y minimally
adversely et e O O Sy
Di gawines. ot iiteiest Arbtontiate Biifers.and
conditions for-abtaining:k>sales-containing:
enzymatic activities are described in, e.g.,
Ausubel al. Current Protocols in N-ic] ocuiar
((Minn (Supplement 47), Mahn Wiley & Sons.

New York (1999): llarlew mid Lams,

1 o~



15.techniques as described above. A sal-get
molecule can be contacted with one or mom

profeins.in.a.syitable buffer. for.a lime sufficient
to induee modification aj riletarget-Melesy.s

to &Seé dfé@leéﬁymcl. or a cartier. 1§6ﬂep<§ﬁzg§r2 00 ve enzymatic or

chemical treatment of the altered tax'gcldz\olcculj_ Enzymatic treatment cafl involve contacting

Oqaﬁrlhzxgl ﬁ) e?u!l»Qh m ()Fe) @ !gt)Qw@aQ gg.,-l:}amgnar\mwaanase),
0206-#)Bioehensx»Biophys:Res:rtithnintime o
222 5) 678 B8 e HIb R ER OF WHIEH are

contactin the altered target mdlecule with an enzyme capaole of removing one or more ghicose

incarperated-herein.by reference.dl thek: o v
entirety10lr'somie-emhodim&rs. thertarget

ntacting the altered targﬁmaleculc with an acjd Slldl as hyﬂmﬂum‘ic acid for a time sufficient

mdj ﬁugc glﬂ@x@)ﬂ)f © rcggﬂl@&:ct@e IWJ l@“&l§te91gxgmder certain
protein: haning N-pheesylaiion aotivityinno s
SoME-BHBBTIHEH - tHE T et THbTEE I Ear
15 by addition or removal of a phosphate group from one o™Mnore N-glycans. For example, a
b e a@Qjﬂ@Qﬁ@d cflaltntam Qm m@ﬁk@ﬁﬁ: |pvrrgte\lth:,hatasc
haying N-glycositlation-activity=Tre-ditegat:
isolation, cag be attached top heterologous moiety, g4, using eagymatic or chenygal means. A
mo‘ 1elée|§_('>gr(\)4i%oie ya' e crsﬁ(gﬁy %ﬂl@gﬁﬁ)!nﬂij;ﬁmmcLGy or 1_1I]-c%/gcntiy)
one:Niger)-atthe.sametinie -Qrseguendigymes:
Where'thetatget molceofe is estificted=
adjuvants, jmmynotoxins, or detectahle (e.g., fluorescent, luminescent, or radioactive) moteties,
acqUighifiallymore toati, one.profein.naying.
2.1-glyeurylaticra-activity . thedargo-molesule
Batl" bt h&ed ridt “He ptifified ditet g1 T8O =
molecule having an altered N-glycosylation'form, which methods include the step of contacting a
marg amps. L hatis, e.&get.omit. JeCall.he., .
contact.se withprotein activity A, thenpurified
cells desciikest herqing, a plant celly or an animahcell (2.9 nematode, insect, plang bird, reptile,
Qer(;muqlege 'aMn@jl ’ ratm.gamestlr.e ggbl t’j,g!,@at, ggat.,t}%,q}\:w,éxl:))s_e, whale,
Octh&lctyol |\’mmder8iglly engineered to ll\lalﬁ@ﬂlﬁm@lmb@dsme nts
of the cell free methods.it can be
advantageous to link tile fin amt.:Meto
asolid-phase support prior to contacting the

target molecule with one or Melt,

2 arns



The isolated. altered N-glycemolecules tog ,
the Omitted N glycosylation proteins or

delidhell.destrilied. 1101611, eall,be used.ta
treat-a:voiehpo fgdi@@lﬁders which disordem are

neatablé"by adifiHisitatiorn of tHe: S G !

lysate) s mcubate uni rcond:tmnst dld ow ralter N-glycosylation (as described above)

altered.N-gyucosylation.meolecules{epianein.
30havmfgyal>teredﬂwdg Iyetrag fatiohrditampheof

mh;bltors mcludmif/)ucleﬁse pmt e an

hosphatase, inhibitors 1ha resc ve or minir 1c
soffje $pecific. medical condtions. it ¢an.
tamted-orpotvwemeehdoy. ndmi, ttisk. ﬁ@il{ttﬂa@l’ﬁﬂan

Alterey Nt@iymggraﬁ@ rimotseute (e A

fluoride SF)Tapfptinin, leupeptin, antipain and the like, and phosphat inhibitors such as
a tgtgdc b‘imng wangxEQIfﬁlln !Qr hanoacu;)ecr@)dn such that they do not
N-gtycnsrtered: d@*mh@#)tam*vewewed ’imitirer
10 ngl cor obtainin les confalyng enz. ic activities
O"L&r}:mﬁgusééﬁ c:l?leléa? gre;t robmol!llgM u$a93r(3)géy ui;%nenl 47),
metabal moﬁlﬁmaeww@ned thatmaﬁfe CttRvan
prddﬁetré)ﬁ%ﬁweﬂ@*ﬂ@*ﬁmﬂ for-attimaty cejlsy
Mdnuai Cold Spring Hacbor Press (1999); Tietz Textbook of Clinicai Chemistry, 3rd ed. u:ﬁs
ogimerabialic. disorders.are genetic, thoug
some can-be» Arcortiords - as ar rest lt Of-aietertring
toxifis, irfectio fﬁ‘f%i‘:?&?ilfn?ﬁﬁ%?a'ﬁjm%ﬁémﬁﬁiZ';?Ii;
disarders.are.also.known as.inhoro.en. Bs,of
meratiolism:rirgeneral; the g@netieometafbollc
|1 Tif and Practice, thigd gdition, S)Hn xlag N k(19 3% Buron
disgyets are ealsey hy, gertetie:stir tools Mar
result in.missing of wmpmpﬁriw @Qnﬁt“dﬁxr.@fnelles
enzwwes*ﬁe’eema y for: SOENvstep tethe s
m ¢ retig 3, intact smooth endoplasmijc reticuium, or i olgi apparatas. Suitable
metaholic 1ipracess ot the cell. the.largest
classesiofimeteLmiie- disorders:nigidisoreer s
of carbohydrate metabolism,
disotstc.rsefotttiut skirt meinholivm, disorders
of organic acid metabolism (organic

acidurias), disorders of CEAL[y acid oxidation



diabetes losipidos, motiohypophyseal diabetes
insipidus, adenosine dram mast deficiency,

PeJ(!t%eglflén (?e!uze %Q‘J’l?g\odé§e§<§7? 432&’9};] Rexach et al. (1991)
Willebrand diseaseitypeH »A, cmobined factors

\% &ﬁcf‘f’ﬁfﬁifﬁéﬂ@féﬁévp" pb‘f’lﬁ gtoepi al

The disclosure als provxd}]:ncthods pgiamduung 3 farget molecule, l‘avx g an altered

degplasie iamn..chum.ideremia..h.cell.disease.
Battenclisease; attainv-neieMseiaggs aion wiviy,

ADPRDAtHEE T dOriaNT POl vy st

activity produces an altered N-glycogylation form of the target herein the one or

Kidney.dsease, s 4Crovilus 3INCSI N wi ..
dl Se a@epolmﬂzbeml1gelveﬁrgs15r related dlm()lphl(. yeast cells described
antc 1an anirnal ce . nematode, mseu t, bird, reptife, or mammal
e[‘ténto ralgn r%m ger(i dmm gg V\\/}J d, monkey, or .
arny@brg@pmwa&e rah Selerosiss myw@dyspl astic

r 0 1o ard
$ M!LE:E?L escri cd :%P‘r§r!,ym( cEju c cdntby:onld mﬁ?:m?@ 1?;i’cms in
angz!ﬁ Eu J%Mﬁcf odxﬁlgwl:ails targe ttlgﬂcculc as deseribed

arileukedystiopilys 78c2u«w Symelirrigme oo biochem. Biophys.
lierfhEHEKY PAdTER" OPHOHTE o e 7"
Vellsseger.syReh.-amexrhighumalici jus e proin having
chordrod hawl asta panels: atosHm g vin more
than one protein havia yeosylation activity. The tageet molecuje contacted with
recESSIVE, BHMATY nelmadina, .- 1Sar. .
Tranebla@@hsyﬂdé@mew spina anddhuH @dfccule
IMISIERLaw aritophy: primiary eifrg o
diskenecia thar agenea Is sandinme), glamlsm
and amF@ymegalwt&'sgﬁl@ac@@pheaaﬁvkchs@msremgel
(liSEAYE, AErETAY A ), CUSHIT, 85,
ndrome ketoaciduals, primary or second: pa
akiristemilion QOilier Dinkgl syndionte,
lissencephaly, moor neuron disease, Usher’,
Goo:home Wisknit-Aldiich syndrome, Optic

syndrome. Huntingsuis disease. hereditary




30marcolipidosis (types Il Il 1, and 1V).
essiinosia sada maid sitaanc OIDORKI.

Cla coﬂy a§nln¢n'(; ltcgunsr?\mgn l?pmasglllpspoertg'ﬁgc,wlihwl limited to, multi-
MaEiGlmSl&gr&ns (&ynQJM&ed particles), a column, or a membrane.

jlormmiisky=thaii(ftediake Eligasvsyndrome,

nglude DNA sequencer-ass; ed( SA), ﬂuhophore assisted carbollydlatc

Dalion. disease..oreledphyaic, dysplasiae .
Sympt@n . uofnafmetakom@udbg@rdemsar«em example, an

1TTOUS Al Ui Seahe e ot gy

obilization on, e.g., a membrane. The glycoproteins can ¢ red uud with & suitable

mosaemgt,meﬂgmam,amia) MNsigue.hrusing easily,
low-blcod: p&artelle@n fivel: ﬂewlxarfg@mem“ spleen

usx mes ch as idase F. N-glycgns. optionally, can
5eﬁ[§i§:§eﬂf}l\?ﬁlv‘dﬂ7 7y re uct;vI ammé(m dcrlvagéi M‘ Qs can l:)]_cn be
iIrlpiilll 01 1l.infrel fsnarg@a(aug(smc@neshhmifeeu@ns
or ?ﬁ%ﬁ%ﬂmg Pkidmep mpairtoritye o oo

NESCAN® 3.1 so h d Biosystems). Optionally, xsolaled mannoproteins can be
cen

prqggﬁéglyg( ma’gﬁme§ﬁg&ul sg§!l @%Hyamymes
thick-nice-snub: ol ughing~wheezing, exeess::

salia i MmUucou S‘prﬂUCYi’bﬁ“‘é’ﬁ@ ‘thess ot

breads Abdominal pain.cclided howsl.or.
gutpdertility pothieinst-polyps:in:the-pose) s«
clubing BF HIE THeS 1o Al ARd SKIn palh
in thglybands or Wet, angiotteralema,
decreased perspiration, corneal and lenticular
10 Disorders 1) aatablc_y ltered N-Gly; us:/‘lyzuouMsjlecr(lf}ahlxsgmgkeg @pdsoe
arb@rmreglurgdctamomn cardiomegaly; tem per&twfe
dintetty YAl ety Swalowirg? =
progressive VISIOﬂ loss, progressﬂe honlng
loss, hypotonia, mattioglgssia, areflexia, lower
hack pain, sleep apnea, orthopnea,
sotromlence, lowlosis, Os scoliosis. 1r is

understood Mat due to the dlverse nature of

L pmmy o~ o~ m R NN



As lewd herein. a subject "at MN of
developing a meMbolic disorder” (such as one

des%&bﬁ%@@!&!ﬂ )nolnsufg'a@gpjg%&%/latm%glen%g,,@h altered N-
predisposition to.develop a-cisoraelhe:y-a

gC.lle prediSpOSilielli to develop metabollc

(i) Metabolic Disorders

disorder.as Adesult.ofamutation ina enzyme
SN bu@[ceal pham@@ L%Ksjwrp Eltaqdl@geomc can be "acquired” as a

be At AT CERT A S B ST AL B

of metabolism. in genera e genetic mefab 1e caused by genetic defects that

hescsurninidase .hetandN .mraym@&ldase«,mbom
alsfrtﬁrfmdasé“ga‘ry’fsd fatasett: arytsulthitase

boﬁm digorders of amino aci mctabllmm disorders of 01g1r:Jc dcid metabolism (organic

le« s 01@199§J @@h n!an§§1§manEu n@t@c&@bg
ylgml@fasamm idase, iduronare 2 Sr Ifatase,

alpheepricosairitic: -deetyitidistdtstcoronid

i5 dlwrlif,rs mitochondrial function, disorders of peroxisémal function, and

ase.Jayalutamitdase, alpha-15 thannosidases
alph a¢>@eiutommrdﬂse“ phosplustransforase: -
aci H 1ibé§ ycoa/. mole o, p]w?fceuucdl compositions of the same) desmbcd

herein ¢an nC u c,e.g., ue mry unoc lOmle%l% ouﬁ)hllancnus albinism, protein C

sphinemmyelinase,thioesl.ereseSilk:l/sill-K.

OP‘fpoptoteinlipase Clets:ic: suhjectstask of
congenital fong QT svndrome aﬁc bi ndmg obulin dd;uenw nitial

deygloping.a.metaholic.disorder..2am.sot.all.
the«subj»em;t&w&ﬂmuwawspet«t@sm @fintereStsenesis A
Subfect - stspreted of Habing & tisoruer 1s™
ong.Naving:one.or MeresSympLomS Jtha. v v
dIS@FdeFP(eY wapwset&b@hehdlsmderd@rsea*ﬁyd@thar
it} TEs e Tierelie) Wish &8 A1y, 6f Show
desecribadhereimod Gili) faRC@fome, Tange Gan@elm is
a class of diseases or disoidus charesicrieul
by tppstsss'pisaiicrl slivisiost of cells and the
ability of these to spread, either by direct

growth lilies tliNCLSII 1ISSIIS through




been exposed to. e g, large classes 4)1
altur.iolce light orradiation, or exposed (WK.

infecied).Je.a meVAKSIARSSORHIO . ruw
Vil H@@Ux&ha-a&mc,r HethRavirusupstein-Balfma
Vl rt’jcng é\ﬂ)ﬁ‘%allxta gﬂ)ﬁgnebécrg, syndrome, spinal and bullar muscular

alro hy, ptim: IK Cllldl%dlskeﬂesll(Kdl‘lagSﬂel s syndrome), giantism and acromegaly,

tmll Ja l Qﬁl‘-}& M&taﬁ%m@haln@; WLQ& 5@@5;“"11 ary ot
M eak@»a@%rrmw Nibe-cleartiratsubjects ' at sk
3061‘1 dm Wisk tt Aldnchgndmme Optl? syndmmc Huntm%n%s dls(]ateherednary

panurcdtuls dn sp wh syndrome, ovcrlap CONNee wetxssu se, sjogren’s syndrome,

su L}j%t&wmmda@pemﬁ&; Of iRLBF@ST the Finnish ype.
Subject suspected of brasirg d cancertis'one

hyperinsulinemic hypoglycemia of infancy, hereditary spherocyto: ﬁ acelulopldsmmcmm

haying.Qne.QnMre. SYMAIOMS Jd.a,Cancear.
Sym@@m@wﬁy@amweareoweH&knewnmt@nth@'@e

of SRIIVIHtie &Pt AT IHEn s With it fititation.

dystrophy, mucoploy-saccharidosis type IV, hes ! amylotdosis of

braas; Jlamps,. Qmpleytcha,mgaswme 3SL.GY.SK
breast dwa’rﬁumwerghw toss; awg&kﬁew 'wewc‘:ersswe
curopatl wcr m tor neuron, disease, pigmented retinitis, seronegati olyarthritis,
fatfglie, ifichy €aHng. [OnS of ADDENIE, .
@hmnmlmugh WL L Ivirel Lbreathle@smessﬂdS
cou@'h?tj@‘tﬂ ”bdl‘t‘jt'ﬂt?lﬂzplﬁéqbei'mﬂ‘f? (tﬁ‘l‘llﬁéyi’eﬂpt‘gdﬁh
nor SpB(I e mental retardation 1, a itlon, abolic disorders can also include SOsOMma:
stoQl,.nalsea. vamiiing .iver.metastases .imp
metastases. rb@mesmeetas*ta%sw abdominal-

cta st 3 A lurler
ﬁJIIﬁ%:?s:fw‘lgil:g;tcitlIungvasia;sﬂn ili E?sc ase, oxquxo]/\seédse \I\Z:rts)aux Lamy
Su pl;gg (ya!bcln@ﬁl:iungy m&l@up&tl@ npsa;btd‘amlmraduhmdler
distersion; perffiation’olcoton <peritomntigos

slex ara edls se, Wolman digease, N)ultxpk sulfatase deﬁcsem ihumqsvbhjlmm

(&n mucohpx om’(t)pmVQI dncp\g'wl xlosp@!!nﬂbnd SQ@ nogcl di
heavy sox:ging, fever, bigli blood uressure.

anemia, diarrhea, jaundige, diszinexJ, chills,
Hills* spasois, colon 1110100.9SeS, lung
metastases, bladder Ometastases, liver
metastases, bone ITICIASUISCS, kidney




30such as molt iplc eel comic) by the
inflammatory cells. The inappropriately

triggered.sesponse.can.Alsa.ne arespanse.
thal:is inappropriatesimmagnitudeor duration,

e.q,, AAPHYIEXIS, TH, e nappropriatey™

targeted renpatho.lisle.is the.presence.of
aimernisst:l ib’ﬂ'r’ri@m&ﬂ“@r“maﬁqa‘lﬁ; Tg/p‘gscqﬁm
. ughing. wheezipg, excess sajiva or mucoys prodyction, shortness of breath, abdominal pain,
iniftHTNAIIAET AisCe g (€ 4. anfoimmung...,
disease)caninclide but-sit-notdimited igvi
OSSO Ao ATt (I e
spndylnaithionathies..PAENS. syndrome.
Cretip‘s: distanj-sin s hlieusuiniot: thottenignigei-
= Opahsent protejos, esulting dise: en ] | symptomagic presepiati a
glsrr§1§§§ils§ = r)g,;tgéj:ﬁ Jgri‘eﬁgsgznem%yvgrY;tb ogm%iggyagulg to that
L | Ec)ucmdul‘l;tl:p l@ cU.Q»KT;MEM SthM}S;EaSJ LHHE@m J;mmmar subset of
(lysimphy (B imsulinedependent diabetes
whitling, paing siiq rashes, | aIL ea, of dirarthea. A patient with Gaucher syndrome can present
netljt&é%m@pﬁlﬁ}:l, ihvgg]ntpmmxgmi§mm m‘.skin discoforation.
ixslrsiynsills-infiantmalnne-nes-apathies-such
as ‘Gifllain Datte syroronTe:’ Yagetitsi -«
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allergies (e .g.. allergy lon bee sting,.

. oA oA B OBE SN rym g " B
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therapeuticalhy dffective’ dose car fyg« -
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[ ! 1
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amelioration of one or 1110re symptoms oha
metabolic disorder or decreased proliferation
of cancer cells) in a Treated subject. A
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LD50 (the dose | to 50% of the population) and the ED50 (the dose therapeutically effective
in 50% of the population). The dose ratio between toxic and therapeutic effects is the therapeutic
index and it can be expressed as the ratio LD50/ED50. Pharmaceutical compositions that exhibit
high therapeutic indices are preferred. While pharmaceutical compositions that exhibit toxic side

30 effects can be used, care should be taken to design a delivery system that targets such

55
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Tha Lthe compound or pharmaceutical composition and the one or more additional agents are

wagdinent.(ndicated. Aneld.Ar42rmMa) e c.s. poen
resu:ltmxgamatlﬂlmmmgut@arlwakaatEwwofretc@atmmd

ol Rl 197 Fiey ). The WS SHAIR,
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cels2-mannosidad-etsnsc,leeel it,th
lelanctifehtSer and Hets: & strict Sithstregge
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Table?. Phospn N-giynan stroal
Iseipht area

Primers: Name: Use:

GGTGCTTCGACTATCAGTT | ScMNSI mut 269-273 S | ScMNS] mutation primer to shift to

TCGGAGGATTGGGTGATTC mam. Golgi type mannase => proof
TTTTTATG (SEQ 1D NO:26) of concept in Sc
CATAAAAAGAATCACCCA | SeMNST mut 269-273 YIMNS! mutation primer to shift to
ATCCTCCGAAACTGATAGT | AS mam. Golgi type mannase => proof
CGAAGCACC (SEQ ID of concept in Sc

NO:27)

TGAGCGGCCGCTTTTCTAC | YIMNNY P fw YIMNN9 KO primer
TTCAGAGCTGGAG (SEQID

NO:28)

GGCYTAATTAATTGGTAGT | YIMNNG T rv YIMNNY KO primer
GATATAATGTAACGC (SEQ

1D NO:29)

TAGGGATAACAGGGTAAT | YIMNNY P rv YIMNNY KO primer

CACGACACATACTCATTCA
AG (SEQ ID NO:30)
ATTACCCTGTTATCCCTAG | YIMNNS T fiv YIMNN9Y KO primer
AAGGAGATGTAGCGTAAG
(SEQ ID NO:31)

TGATAAATAGCTTAGATAC | LIP2 v Reverse primer used for sequencing
CACAG (SEQ 1D NO:32) B
ACATACAACCACACACAT | 5" hpad Forward primer used for sequencing
C (SEQ ID NO:33)

GGCGGATCCATGGTGCTGC | YIMNN4 BamHI fw Forward primer for amplification of
ACCCGTTTC (SEQ 1D NO:34) YIMNN4 1
GGCCCTAGGCTACTCAAAC | YIMNN4 Avrli tv Reverse primer for amplification of
TCCTCGCGAATC (SEQ ID YIMNN4

HACIFW06-003 Forward primer region around

HACI splice sile

CTAGATCAGCAATAAAGT | HACIRv06-001 Reverse primer region around HACI
CGTGCTGGGC (SEQ ID splice sit
NO:37) \ ‘
GOATCCATGTCTATCAAGC | HACIFwW06-002 Amplification of HACI gene
;}SF?')IS\)A(JAG TCC SEQID includes start codon and BamHI
restriction site
CCTAGGCTAGATCAGCAAT | HACIRV06-006 Amplification of HACT gene
;’BA](]\.(();.;;)L; TGCTGUOC (SEQ includes stop codon and Avril

restriction site
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Yarrowia i Stuption

(Ctl n Etslra egy kno:«!k)ougzgcg%gn;\§® Accession No: AJ563920) and MNN9

(GenBank® Accession No: AF441127) genes in Yarrowia lipolytica was set up as described in

Fickers et al. (2003) J Microbiol Methods, 55(3):727-37) for the LIP2 gene. The gene

5 construction sirategy that was followed for the QCHI gene is depicted in Fig. 5.
The OCHI KO fragment was isolated from the plasmid YIOCHI PUT TOPO by
restriction digest and by PCR and was transformed to Yarrowia lipolytica steain MTLY60. 20
uracil prototrophic strains were obtained and screened by PCR on genomoic DNA (gDNA) using
primers Ylochl prom fiw (SEQ ID NO:18) and Ylochl ter rev (SEQ ID NO:19) to analyse the

10 genomic integration of the plasmid. A fragment of the correct size (i.e., 2618 bp vs. 1894 bp in
the wild type) was amplified in 2 of the 20 clones tested. Several clones contained a random
integrated copy of the construct and therefore both fragments were amplified.

To remove the URA3 gene, the two positive clones were transformed with the episomal
plasmid pRRQ2 that contains an expression cassette for the Cre recombinase. Removal of the

15 URA3 gene was screened for by PCR on gDNA using primers Ylochl prom fw and Yiochl ter
rev (see above). The 2328 bp fragment (incl. URA3) was absent from, and a 1075 bp (excl.
URA3) fragment of 1075 bp was present in, the positive clones.

A Southern blot analysis was performed on the 2 positive clones to check whether
aberrant DNA integration had occurred. Genomic DNA (gDNA) was double digested with

20 EcoRV/Hindlll, subjected to agarose-gel electrophoresis, and transferred to nitrocettulose
membrane. The membrane was probed with a 500 bp Spel/i-Scel fragment from plasmid
YIOCHI PT TOPO. A fragment of 1456 bp was present in Aoch] PUT, whereas a fragment of
2066 bp in Aochl PT and a fragment of 2893 bp in the wild type strain was present.

A construction strategy to inactivate MNNY was set up and is depicted in Fig. 6.

25 The disruption fragment was cut out of plasmid Y/MNNOPUT TOP(Q by a Notl/Pacl
double digest and transformed 1o MTLY 60 and Aochl PT clone 9. Several URAJ positive clones
were obtained for both strains and they were screened for correct integration of the construct by
PCR on gDNA afier single clones were isolated. A fragment of 2349 bp was amplified in the
disruptant strains, whereas in the non-transformants, a fragment of 2056 bp was amplified using

30 primers YIMNNY P fiv and YIMNNY T rv. (Table 2).
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To analyze the N-glycan structures that were synthesized by the mutant strains, DSA-
FACE was performed on glycans derived from mannoproteins (Fig. 7). The wild-type
(MTLY60) strain has as main core type glycan structures mainly MangGleNAc; (structural
formula [; Fig. 4) and a substantial amount of ManeGleN Ac;, (structural formula i; Fig. 4) the
latter most probably containing an additional mannose as a result of Ochlp activity.
Furthermore, some larger structures can be seen. The Aochl strain has mainly MangGicNAc,y
(structure formula 1) and a smail portion of MangGleNAc; (structural formula 1f; Fig. 4), both of
which are sensitive to a-1,2-mannosidase treatment (indicated Aock/ «-1,2-man) resulting in
trimming to MansGleNAc; (structural formula §V; Fig. 4). The Amnn9 strain accumulates more
MangGlcNAc; (structural formula I1; Fig. 4) than the Aoch] strain, which indicates that Mna9p is
involved in the elongation of the glycan structure subsequent to Ochlp activity. The double
mutant Aochl Amnn9 displays a glycosylation phenotype that resembles the one from the Aochl

strain.

Example 3. Mutagenesis of MNSI

MNST (ER c-1,2-mannosidase) is involved in the trimming of the MangGleNAc; to
MangGicNAcs and has a strict substrate specificity in the sense that it is only able to trim the o.-
1,2-mannose that is finked to the a-1,3~mannose of the central arm (Fig. 2). To determine
where the MNST gene could be mutagenized in order to shift its substrate specificity towards a
Golgi type o-1,2-mannosidase, the primary sequences of several ER type mannosidases were
compared with Golgi type mannosidases. One region that is different between the two classes
was identified. In addition, an oligosaccharide that was crystallised in the catalytic site of the
Golgi type mannosidase into the yeast MNS/ was also analyzed to identify possible interactions
between sugar and protein. Surprisingly, the same sites were identified using both methods.

The MNSI gene from Saccharomyces cerevisive (GenBank® Accession No: Z49631,
sgd: YIRI31W) was mutated in order to change its substrate specificity. Three mutated versions
were made: two with one mutation (R273L and R273G) and one with 3 mutations
(R269S/5272G/R273L.) in the same region:

A) R273L (arginine 273 to leucine)

B) R273G (arginine 273 to glycine)

() R269S/S272G/R273L. (arginine 269 to serine/serine 272 to glycine/arginine 273 to leucine).
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All mutations were made using the chk Changc (Strata&,ene) mutagenesis kit.
Constructs were made to express the 3 different mutant genes under control of the strong
constitutive TP11 promoter. Oligonucieotides
CGACTATCCGGTTCGGATCATTGGGTGATTCTTTTTATGAG (SEQ 1D NO:40)

5 and CTCATAAAAAGAATCACCCAATGATCCGAACCGGATAGTCG (SEQ 1D NO:4Y)
were used to generate mutant R2731, and oligonucleotides
CGACTATCCGGTTCGGATCAGGTGGTGATTCTTTTTATGAG (SEQ ID NO:42)
and CTCATAAAAAGAATCACCACCTGATCCGAACCGGATAGTCG (SEQ 1D NO:43})
were used to obtain mutant R273G using the wild type gene as a temptate. Oligonucleotides

10 GGTGCTTCGACTATCAGTTTCGGAGGATTGGGTGATTCTTITTATG (SEQ 1D NO:44)
and CATAAAAAGAATCACCCAATCCTCCGAAACTGATAGTCGAAGCACC (SEQ ID
NO:45) were used to obtain mutant R2695/S272G/R273L. using mutant R273L as template
DNA. Via PCR reaction using ofigonucleotides
CCCGATATCGGATCCATGAAGAACTCTGTCGGTATTTC (SEQ 1D NO:46) and

15 GGGAAGCTTAACGCGGTTCCAGCGGGTCCGGATACGGCACCGGCGCACCCAACGAC
CAACCTGTGGTCAG (SEQ 1D NO:47) the coding sequence of an E-tag was added at the 3”
end of the mutant and the wild type MNS lopen reading frames to atlow protein detection afler
expression. An averview of the construction strategy is presented in Fig. 8.

The three constructs, as well as the non-mutated gene (as a negative control), were

20 transformed to . cerevisiae strain XW27 (MATo leu2 ura3 tept his3 ade2 lys2 ochinLEU2
mnnl :URA3 man6::ADE2) using TRP1 as a selection marker afier digestion of the plasmids
with Xbal to direct the construct to the TRP! focus in the S. cerevisiae genome. The latter strain
is able to synthesize uniform MangGlcNAc, (on its giycoproteins. If the mutated enzyme is
active this MangGlcNAc, (structural formula ; Fig. 4) should be trimmed to MansGieNAcy

25 (structural formula IV; Fig. 4), MansGleNAc; (structural formula V; Fig. 4) and/or
Man;GleNAc, (structural formula Vi; Fig. 4).

‘Tryptophan prototrophic strains were isolated, grown in liquid SDC-trp medium and
mannoproteins were prepared. N-glycans derived from mannoproteins were analysed via DSA-
FACE. As can be appreciated from Fig. 9, a small amount of MangGleNAc; (structural formula

30 I Fig. 4) from the strains that contain the R273G and R2698/S272G/R273L mutations are

converted to MansGleNAe, (structural formula IV; Fig. 4), MansGIeNAc; (structural formula V;
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wild type gene cause an altered N-glycosylation phenotype. To evaluate whether all mutants
are equally well expressed, a Western blot analysis was performed using an antibody specific for
an E-tag (a 13 amino acid epitope added to the MNSI proteins). All mutant proteins, as well as

S the wild-type MNSI protein, were expressed equally well.

Example 4. Increasing Phosphorylation.

Expression of Yarrowia lipolytica MNN4

To increase the phosphorylation of MansGleNAcy, Yarrowia liplvtica MNN4 (a

10 homeologue of the P. pastoris PNOI} was overexpressed in Yarrowia lipolytica to promote the
core type phosphorylation of N-glycans.

The coding sequence of the Yarrowia lipolvtica MNN4 (XM_503217,_YALIOD24101g)
gene was amplified using primers GGCGGATCCATGGTGCTGCACCCGTTTC (YIMNN4
BamHlI fiv; SEQ 1D NO:34) and GGCCCTAGGCTACTCAAACTCCTCGCGAATC (YIMNNA

15 Avril rv; SEQ ID NO:35). This open reading frame (ORF) was cloned into the plasmid using
BamH] and Avrii sites, which placed the ORF under control of the hp4d promoter of plasmid
pYIHURA3 that contains the URA3d1 gene as a selection marker and the zeta sequences for
improving random integration (Fig. 10).

Priot to transformation in the MTLY60 Aochl strain, the plasmid containing the MNN4

20 expression cassettc was digested either with Ecod 711! for integration in the URAS3 locus, Pyul for
integration in the MNN4 focus, or Rsrll/BstBl for random integration. Transformants targeted to
the URA3 and MNN4 locus were analysed by PCR using a primer in the hp4d promoter and one
in the LIP2 terminator. Transformants with random integration of the construct were evaluated
by Southern blot analysis.

25 To evaluate whether manno-phosphorylation was increased we analysed N-glycans
derived from secreted glycoproteins after 48 hours cuiture in YPD medium by DSA-FACE
capillary electrophoresis (Fig. 11). The amount of MangGleNAc; (structural formula 1) was
drastically reduced in favour of two structures that migrate faster (compared to MangGicNAc;
(structural formula I; Fig. 4)) and that are likely to contain one (P) (structural formuia X or XI;

30 Fig. 4) and two (PP) (structural formula XI[; Fig. 4) phosphate residues, respectively (Fig. 11).

Thus, it can be concluded that the random integrated expression cassettes perform better than the
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dame; and teft plostidS IO T 1111041
m eﬁ»ﬁz’ghglﬂ gclMg/§:Qm;? a@jljl Mm ﬁanMVaQJ’ t@llr@&] aLQQJ;!@xd
inte-idyliltharayeast.sheds; beth wihikangsmnei
Wltlhcdutc W’Effzeﬁvé]ﬁégﬁfésggl Bf)ﬁle.ver, the amounl‘of prote(in ina
reduced glycosylation form is decreased” Thus, it can be concluded that overexpression of ALG6
(0] rl deﬁW{lfl]l)]&@c pLﬁop@KBQoham xﬁ&@ Fﬁlﬁd the alg3
proteinsderived From culturcd eel is
containing We 2011,11L1CIS And the profile of
the oligasaccharideswas deEMilldel @y
0564 A: Fallyols Al trarstiiiants geve e .
S a@gﬁci{lgﬁ (T EA§2 ELIQL@AL@SSK&WQ( @nl@L%Me 9!191[1] leis
ef each.glucosereselha are.depicted-is-rig:20
Framthesubooseits it was earoluded-tiat the
Trypanosoma brucei was chosen gince.itg natural substratg is GleMansGleNAc, (structyral
quefgkiiressiamiif gilfer.ihe.Y arawd orihe.
hosysasheme-. givesidase:l-asubunit-hss anly
a m?ﬁ]a(;!:éuzfcﬁgzlbwﬁ Fﬁgslamggmiqlmg I;l‘()g cultured cells
(S-I-CQQLL%E@IO SQI[lmHlialuMel(lilthe l%iiglcgl)ri(&mgdetcrmined by DSA-FACE
In-gineosyinted(shuttend-tarnbs dxeFig:4)-
MatitrSrd prf@ig“(g‘ﬁ G Ci:ﬂ‘y%ﬂe FOHRTA VA

overexpression of either the Yarrowia or the Trypanosoma é}qcosidase 11 o subunit has only a

Figstructures..x.mibmau.ef bicasidare. T
cs-robaoils: of Nthrame: Pool pimaran dseures.
Tn'vot000 not heir, 'ci lace-will an IIDEL
sequence To improve thg effect of the
expression of Kfistheic m the licnsorsrslloro
subunit On renioNng glucose esidues from
IdansGleNAca dot V.TVO. n nucleic acid




Next, ihe 110.161080Cionionum tam
overexpressed 1:17 ViVO"AIl IIDEITsempence
c031,111111g imilanusevfith synthesized as a

Expression of _glucosidase I g-subunits rrowia lipolyfic rypanosoma b,

codon optimized QM:Avwespression it
Y UM, Wiard® :90kriab-Siteinaturg-mtherwasd -
uRit en Temoring elucose resk 10) s e, Kiyvo, anucleic acid encogling an
?Icﬁ;ﬁqg ijs Iirc?mgémy‘?iir biology lclﬁ%ﬁq%nplﬁée fgelng(rllt e Eujeic
Seq%a@%c&nxd&rcﬁﬂﬂtﬁm GII mﬁagv-vErEanl to serve as a retrieval
MOL8LOL0(Fig 83:1tshiseonstaiatis™=
sequepces from bothy Yarrojvia lipolytjpeg{Y.1) and Trvpanpsoma brucei(T.b.) under control o
trafi$IOrHECite &/43 Mt Veast stiams, .
boil; wita.ane withoub A-bX-<5 ovemapremion.
Oligosatetatides one prefiant fute-cuttured

ntrast, overexpressing the o-{yucosidase 11 of Jypanos: brucei a,subpnit with an ex
ce giL a(g)kre}]( s%larrl;ﬁxlgn h}@m o%. Q) h@;gﬁ [@‘E‘lq the pro ﬂe
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bi_ W@%em%aklomefve@s‘lﬁmthew potential .sululion.' {\n
QUTPUSETHIN: IS FIORTINESE festlts it Will be
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bi-)%lucnse peak.observegin the eligisacchariile.s‘Sas effectively reduc:‘dYI _
Wro pp@W!mgnabﬂel ;151‘197”1@‘; er prfgqg_mglr(; n l%li],@eg]lgbcc
&Ssmbuﬂxbt]& nGWmslacnd ca(awssmbfld_mﬁﬂ SSXEssian in Yarrowia
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controf pf the TEF1 promoter (Fig. 33). Thig construct is transformed into alg3 mutdnt yeast
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), A FAGE analysis 1t § at the DSA-FACE profile,will show a reduation in thebi-
gu gﬁi@iguighgnmﬁﬁccﬁrides, 9?]: t?cs% resuFbtevilHe- c%n(tcmulﬂl lﬂ? ll\e
contains the GataNtie aerially. Since the
owerexprwssion ahmly the arsulmuit
oislucesidase 11 had a smell effect on

hi-cleanse oligosaccharide wucturein the a-



lidaression al rauseerenanNIsll a and b
subunit In order for the glucose residue=
to be 1C1110fliti 1313111 rite glucose Inca

overexpression of mulanase in vivo Is effective at reducing the Y-giucose peak observed in

-tan.ale.natures that.occun.in.ab=3 deficient
background. the 4 rateixii lux rower muffin:
(lackine,signal pEpHite) Dttsiausell or Did i
werg.syntlawirgd.at WillilWeptiminel. @ DNA
for-expressionin:¥arrow la: MtdSEGNOLFE: |
IaS“l“XB”ﬁiWC)’H'ﬂ‘N‘é‘ﬂb‘iﬁ_ﬁ‘ii‘f“gS‘Fﬂ)‘Srﬁjﬁ@’ﬂlf.““‘lfig. 57

. oligosagcharide structures, the - apd B- subunits were co-exprgsstd. .
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constitutived 1bktand-lpsidpremeoterg-andorn.
hat"URAB gene 484 setectiof tarkerssign™

the glucosidase 11,3 Subpnit under control of the TEFT and the hpdd promoter. These were
(Asset:mallLiks.code. contral ot [RE.l.and
ltpdditweretransformedto-larrowm-Apelpitico
al83AL Citrstiatar toaisferiaEr candigaes™
FACE profiles of the N-glycans are depicted in Figs. 33 and 34 (alg3 knockout with

were.grown, in ViR.and glycans.front.secreted
proteins\were analysedsby-+ 0dA-FACHtean
He deduEed frofT EIg, 18 thig e Mo s
glugosyiated AlLL111, 110SnIC less abundant
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tiorldtansya watit thighar B o s 1 s e ¢
WAR, the gliiensylated.glycanstructures a
construct is'raacte Witk PeSthytiihiging s tu
AspETHtillis, higer gheeasidatic. I tridet Siooth
aLtitELpromaeienheshpid.promotenwith.us 4
selection marker This con:bract is Ilduntlyined
i0 Y11710ail/ bpolpicr, algi ALC,6 10athain
expressing the An it ocosidase | tto,nrdsuitit. It
is expected that expression lithe of the
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time non-induced cells and the t)PR induced
cells. Two more amplification products wd ¢
obtained for the UPR induced culture. The

_aperfﬂlus niger (An) glucosidase a subunit was cloned under control of the constitutive TEF 1

d @ pf&\aig;m‘mltngsclm@ctS d:lrf(Le 1ﬂ Lqessaﬂs;latl;(()m: s
band nittnirdtfor therortinduced cufturerand
Tian candi wege grown jn YPD ohpus from secreted profeipsjwrreanalyser
W%?Dﬁj—tgmrgxfggdu§§mﬁ ﬁél 1%%31@19(@%&5%5 Ejuc[:?ilre.éa.rc es! ] dl
sr loweryndnest.prominenthandwaspurified
from the"get-and-climatal into asequeneing
- o the dspergi) ui:lyigerglucosidasc 5 ur_uler controltﬁ‘[iF i;sromoterﬁraz@dﬁromoter witl
Vlthl%g!aé}ecticwnanza§eg;q}mgds r@clggr e r%e (Q’Ql%« !z ,97 1ccg'l(g:3ALG(>
sequence alignment. was peHermed:in eidern
Litidentify. thesplicesite Fig-1S):aalignmert it

can'Bé ‘§eenthat the splice site is located at

the-pesition-thatwa igted Joimthec G
Ul itRdnica A s lke site \Pu{ha basis of spquancs homo, twegnthed I
Eomxﬁlsa(}jl L%plﬁ Yaror:tﬁ];t;%rliia gdﬁ\etullz{\][:!gdlvjpegi anrd\!;?)er;ﬁg P‘H
th enjljllzmg@(ln(azlvmgih Qdaﬂﬁa 1&@&&( IAA'I@Q‘E?II@\IIL @A
iflin-em:$)yMAC I sequerices: “The'splice siteris
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%9 (Bb I(lrl(%rc-rlg«cre developed aqulEg(isb iI;c !sl n:b)lggrrtlo%c!lgﬂller HQI‘E& T#:Ltyrand
DlldengthulilAG. I.sequence;: Prmers-weres)
engireered-tor ase restriction sites Seitabie foi
With gene specific primers. PCR was then performed on first strand using primers HACIFW06-
do%m&d@m@m %p&;ﬁ@ﬁ!gt&e\égm En a 1.5% agarose gel.
Hirnnerseerences were o as ol oS e «iis: 29t
laeIRYOT:0T8! COTAC BN AL T CERRTTCE
siz¢ were obtained from the non-induced cells af e UPR induced cells. Two more
C %AA@A{@QL :LJJQ\Q: lE GIAQE@:I;GIGn iddle fragment was the
ACTCATAGTEBAGE TAG AICACCAAT-"
3 URspHce: CJ~Th “N roufnent bg s purified from the agl cloned into a
RA&?;;J:]:VC;K)G leEQmICHD;Mﬁ%élrgi]:jcq%dggliﬁ'é\@s erformed in order

Fw06-002 .GGA rut: Alli,] T A!l. 1 (IAAG CGA
GAA GAO SEC (SEQ ID NO-55) A IC ml
culture of yeast yells was ineubmed Dr 1.5
hours in (he presence rid inNI DID to ital., De

—n 1 A
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Primer codeaugust...5 -.5 a sequence 5'-.>
3'Information CAATI'CATSCCCGTAGATTC
Ferward mer Hoc ene, start cedon

to 1dem the splice site (Fl% NQ m the se uence alignment it can be seen that the splice

T QT leﬁﬁglt JQ}d TO! e&nmpasagtethe Yarrowia lipolytica
GAGICTTOCGGABGATTEA Fornard pnmceu

lS-| elgr @n ondueo ssg p{he muve‘?(QHn gCQec}%ce § QrngcI:r? en§ Qér@
splicesite. . oCITa @RA@AAIA@V\MGT@R(S&@

D N@ﬂ%‘f Reverse primer Heel gene neer
sicgelen. CETAGEUIATTCCIONNANRA,
In. @ﬁ@ﬂv@ h@ L(BQQ@&@eewtsnuMMemHeelmd for
COFéwu s i Hécn wh’l‘ lé.va NbR§ZR Folgrm g]cultg Ipn

NA was isolated from the ‘T-ireated cells and first stra was prepared from the

IATL. GG TGAGCOTAIC AAAGE DN
EO’)‘}&G‘h%?@@LG ﬁiﬂserawhm‘l was inserted into the pCR-

CCRCEGATCEATACKIGACT ALT GEDIP

NG-6rAksk reverseszprameruf@rm(\mems a potental splcesite
CCGACCTOCAATOTGCACTT 'CM SEGC

predicted 1o be I'ocahlcd in a characteristic loop structure and the intron “was mlculdled o be 322

1,2.0.62.1 lac | lon:GM primer RICH
COGTA® CAOCTRPAGEOTTO-CRA(SECS
| D Hé?§§?amp §xlt|frévéf‘§gé ﬁle-jf_n/\ {ragt tol 257 nucleotides was
C

expected to when the infron is remove lncﬁ |;79 bp fragmcnt it intron is still
QML@JT\@TGJZ&MAI{LGKMM} mRNA from an UPR induced and
25  non-induced culture. The UPR was induced by adding SmM DTT to a 10 m] culture of
exponentialiy growing cells. The cells were cultured in the presence of DTT for 1.5 hours. The
amplification product was analyzed by 1.5 % agarose gel electrophoresis. A fragment of

approximately 257 bp was obtained from ¢cDNA from both non-induced and induced cells.
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NOANG | 051GGAA IACCAC RSA GED ID
GOAN. ILKr2 m\/prqurlmpr PCP To

Primer code sequence §'--> 3’ Informatlon

erfy the I(M‘lﬁ@%m&l@é@ P rmuesior
tAMbgoneE GRS petfsiTietd B tjene *
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HAC1ppRVO7 -004 J AA (SEQ 1D NO:63) Hact rerse primer QPCR
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into the ;cast gonenic was yen fled Using
('CR. The MTLY®60 strain transformed wait
PYIIMAXMAC olspliced was glow!' in a 2 m|

In Saccharomyces cereviside, upon splicing, the co

cu l:tru{eldl nt}A;f(;«hycat{bz VQL ﬁQxl’ &lndmu:[& @Wnno acids.
culwreﬁ qﬂ%1were~w&sﬁe& N@ttquym LY
amino ¢ n.l the npnzsplicy ed upo p icin, byt]e CO g@e dédm
meﬂngl géh QQ:\(Q H ﬁeSQ'h [(,214: 1 S
YTG hoIIered Wlth 50 raM phosphate buffer
phEx : Yan owia llpIH ca cells (M"[I Y60 slraln) were transformed vﬁﬁi@gﬁd
0.7,152nd, gmcwnnM;; Bsmaw gendalioi. in.order
to harvestihe-cells inthesm l@wefxponergfmglhe
k) e w od usi 11 L train transfgrmed witl
phﬁgﬁll\ﬁé lvlvraéﬁgt’owjﬁjﬁtﬂ curu]Bn mABytrg lmurs lll‘l'ltlon
was.added vtgcma Gells aleng.withsl.g.0f.glass
heibe AN e ok Dy o
ng "mlo g WQS§HO!I Mgotgdhef[egmn;h H b

el‘iss hy-adding 160.k7k-chioreform gne ﬂdby adding 150

PICEITTAtNG tHE RNA With TEO o paHon The=

with DNAse to reflfove any coprecipitated DNA impurities.

estracted.RNAWas.also.treated withsDNAsC to
0cB00ee Eny coprecipitated DNA imputities.
20/t 3166 SONAMI, i ared i 400 "
of the-RNAusing.the.iSeripik NI@NAQ amount of HAC'
Synthesis'Kit (BioRaek{abordtories, 't "ervties,

The relative

CAT‘” A0 Al {Gol Volime react ion. e ..
eq wvaslxe REOF#Q-ng-RNA-Was tueedmf@lromam{
dm@"‘P‘(":l‘-‘? Anarysis'tod Orerfing the é?fﬂpijﬁfvésf
K/\R2 as well as HACIare higher in the strains expressing HACH under contro
AGmIZNA Milo.cells..Real time,RCR was
run using SYF312,97goen as the detection
reagent (finoreccem)(177urogenteel. In
addition to designing printers fur dooming Ow

amount of HAC1 75niRN A in the cells,




rims of DNA was transformed DM [lie yeast
cells. Thsu correct integration of the
15construct was valldated usmg PCB on

gmamic NAalleidsolat
(primeks: HAGIwKarhingk. &;;&A@LIW% @@5)fferea
Fragrnents OFoTs kiyifd 1737 his et =

Yca tract/2% pcplme) BGMY (Buffered Giycerol-complex Medium for Yeast: 100 mM

amm J%LQ\ S| lmlt(mNA]\r@g@lmﬁ)dc ir@mastntgct/Z/ peptone/ 1%
tramsmtfmed cells, whereas in the

noPHAStArAMYS (C1S WitioUtTHteciraion of

the constructlafragment.el:d 32 KDWAS: ton i
ammmeeh'*lEB rgwe‘s(w’] i@t fé*g”ag”p‘ftﬁf it *téap"
tof e IASIHIAETE GG T 10 AdLE351(1v
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welte ' WwasHEd oriee With FIVIV: "RACYag™ ™
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a:d)nQn '\n Q}Qu mgug\esdmﬁ:ucltug@S) Whlles [l;l
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wcre 2s as, 0 non-i swhl MY was
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:5di In fader so cheek if Hrfclp i itdarsioss has
an influence on the N -glycan structure a DSA-

F'/At?;gho[\lcya crv]aglsy s%)!:% \Q{J%kecpggcnp \r;!lpfg accion(t?o éﬁann?muon oftLhR IS
cultures medium. The.glyean piefiles obiained

atlas-at frerr= of-mtfucloi: @fes*p hcedtartpore

simifat, 8. Ore. piclle. ofthe. harental GSNIX.9
Mifghdudydidde @umnww made-inorderte: A

cheekeifthe hdoc=tinhof 1 fac P frvipeirs 'Ste'

apped 1rh o correlate with the relative amount of HACI ma fhxg,hcx Pprcssmn levels of
e

urowith.pasasinig No.giewith, defect was seen
of [heliFd pinduced strain-com parre'ef to-thec
en.t@lwcty m\)bc)lggdmmﬁaclgﬂfﬁl fnmz/ZlI Eies Ten thousand cells

easured per analysis. Cells were analyzed ™ (Becton Dickinson) atier
ClcaﬁlsaﬁSSl‘anQﬁKXruMll NN() observed. The (J!yﬁﬁwnchMS {GSMS)
CefB(n}mradr coAigNNlr@utlyeiﬁgI%( ]cN/\ I(su uctural fo rmu;sl/\\/ Fig.
{5, 4). Inoyder to check if Haclp induction has ag influence on t glygan structure a
p h nghgmmﬂg§ el J;Q:%Ld“ﬁ §e$9\ ‘N [yn l§ obtained after
Thereforesoveretpryssion ob-YiMINNO:it Sr.
|Ip0|yd}.%)w&6mda |Tébatf w()fﬁéféa@éﬂl of Haclp impairs the growth
mastoris. No growth defect was seen of the Hacip induced strain compared to the empty

phaspharyladan Moreover, 25nit calif moat
etteet CHI phosplaslylnflon F. 1 1,5 Ilar be

G trans cppho%}%omannge residues M: giycans 'I herefore,
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ID NO:35y, and 30cloned in site 1s3 Hm AX

earlea:ion vector for expression under control



transformed anent ding to the electrepouttion
protocol nom the P(dzioniquessitm kit
”Oﬁtroaenn( at NrC K 7I 0411 Ic[:!l){tle[iri]r(gnige?cll’(‘!des that grew

improve ragdoi inlegsation. Secreted glycoproteins wire
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labtiy Every:8to:324 361:4045: wultutes Woe!
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Supefiatiintof-thre cels was harvester:and-the
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Evaluation of Hunt p oven-ispreach.' on the
surface expression of heterolgons proteins.
Vectors cnntaining the hygrotnycin resistance

washed twice, an then induc were re-. f edium contarning

matker.and the spliced.RACI:DNA.15ander.
comm%*oof*“th & irrductble ANR [ promotet:
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er
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Wild-type Pickia Pichia+tAOX GAP 24.6 19.9

itienee 400 45.8 2 4 66.5 interferon-hats

Inmanthrombomodulln U|ollson111 1C CrIC
ingubated with 1 ul/ml of the anti-V35 antibod; /pl Invitrogen), washed with P S/BSA

22a1§1ncuﬂ§t€4’mtlﬂ§m§\l§ﬁ yl%b@ eledoat anti-mouse 1gG (I pg/pi; Molecular

Probes). After washing twice with PBS/BSA, the cells were analyzed by flow cytometry (Table

5).
5

Table 5. MFI values determined by flow cytometry
Expressed Protein | Wild-type Pichia | Pichiat AOX GAP | Pichia+GAP HAC
mouse Interfecon- | 36.6 9.9 428 7
gamma
human EPO 59.5 45.8 66.5
interferon-beta 226 124 4.4 B
human 95.5 184.1 67.8
thrombomodulin
MFI=Mean Fluorescence Intensity obtained from the flow cytometry analysis.

10 For the strains expressing the Haclp protein constitutively no improvement, or very

minor differences, could be observed in susface expression levels for all four proteins compared
to reference strains expressing the surface protein alone. In cells expressing human interferon-
beta, a significant reduction of surface expression levels was observed. For the strains
overexpressing the inducible Hacip (Table 5) the following could be observed: 1) in the human
15 interferon-gamma surface expressing strain, a 1.8-fold lowering of the surface expression levels
could be abserved compared to the reference strain expressing alone the human interferon-beta
a-agglutinin fusion; 2) for the strain surface-expressing human erythropoietin a-agghutinin fusion
protein, a }.3-fold lowering of the surface cxpression levels could be observed compared to the
reference strain; 3) in the strain surface expressing human interferon-beta, no difference of the
20 surface expression levels could be observed compared to the reference strain; and 4) in the steain
surface expressing mouse thrombomodulin lectin-like domain, an 1.9-fold increase of the surface

expression levels could be observed compared to the reference strain,

Effect of overexpression of Haclp on phosholipid synthesis. To determine whether
overexpression of the Haclp product (produced from the spliced HAC] ¢cDNA) had an effect of
25 lipid metabolism in P. pastoris, cells were transformed with the above-described spliced HAC!
cDNA and the etfect of Haclp on lipid metabolism in the cells was determined by efectron
82
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secretion signal, Therefore, the Saccharomyces ctrevisiae secretion signal was replaced with the

contacted.with, HIS CA.L1S)i.2: haurs.cane.

The celiswere-theravashed-threetimesfor
2(fminutes Wik 0,05 Ni‘alidio:. eacodyfithe™
Aftercnvashing;the cellswere contactedowitha
65, potassiti pormanguiime sotiort for cite,
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scofittiors sigiial do eked from the well
expressed fairrostia lipolytka LIP2 (CIP2Zpre).
The. tfittge semmoce wa3 made ha.

Glycans derived from secreted proteins o flr‘u]%_fol med strains were ana]y7ed by DSA

hybtidizing she.synthetk.aligonsmlermides
LIP20r: GAd & A yLruXdizpremanHDEL plasmid) were grown in
A T e
ITCAGCAGIECTEGCGOETIACLCEHEMGEL 1 Qe o
CCHACSSEQ ID N0:66) and Lipgissepro rs
GTAGCGRCEREECGCTIGIEIGAGAACTGC
OGCCIEAGAAG QAGHCA ABLEISAAGItn 10m.
GACRIGECTE L %QH’JTP?@@EQE?Z J.8id crofiing,
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C (ﬁLS}QmNQMﬁiEd@MMM@n) IDFC, Ayrld in
(GBECECEFAGGITACAACICGL7 i ICliAtiCAAG
(SEQID NO:69)) and cloned in peilsillfilL2pre.
The entranirsieniiuri strategy is depicted in Fig.
25. The expression cassette Swittal.gpreMant
DELCod8resnsrol StiEiise portatitutive
promoter hp4d) seas trapsforinG1 in YorrontM
orimlylica Aoehl sunsuit after digestion of the
plasmid with NQI nod 15isolation of Me

correct fraginern 163; Fthosm). <itycana



rear .slcrnnnetr liarsecthe
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of Qu2:ThisnillllllnWan 111011bl:1nd at
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Homan glucemSvisPOLMAN was chemically
diipoiattied (S HQ ID N(1:15: 'he coclinp
scyjence.ferme.inalthe protein.seas. fused to
the.ceding-seguenee of the LIP2
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gon trleQlj a—'giag;tg Qel Q(/@gl wlsn’@;lELG)l Qzlg&xﬂ) encoding cDNA was
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nafiied pY’l Pt 1X1 Marefil CNA (= pIC \ N21

The'cDNA coding sequence for the mature protein was fuse oding sequence of
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digested:twills Not]andibe fragmeirreacase. sefore
ormation the pkami S, he fragment containipg the expression cassette was
COHIEATHIFY & EX eSS ION CASSENE WaS,
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IrpotrieaBrady B AT (AT

Ll i XDl 2 ABoyel, Aa I ..,
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5), whereas Mica egencity of rite protein is
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| llan. ft-galactosidase A (A(IAL, Swiss Pro
Duty mr PUO2)10) cnofting cDNA was
chemically synthesized as a code/a-optimized

. Other Embodiments . .
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gitteciprowin aré phosphoryluted. 66.
The nsettiog-ofany-one-or-clims 1465 ; wihewin
to ME“@&ficient in ail Oclll activity. 67 1 he
method af.any:af. elall S.1-66,iQrdS k. te gouwp
euriagoduoftheft vetsptamein 68: e«
moll,thelaiin, 69, The method of elahn.67it.70.,
The-method,ef: il of-elalut-6/~69.catienairi:
tlle‘“ad%dmf) 1 01N heterologous moiety to the
modified giseo 25 71. The method of claim 55:
wherein the licutrologongler 72 The memol ‘at
‘any 61 clainta 67-71, wlitracin the additional
process enzymatic or dieruical Keagnent or

the ahem] Nitlycosylation loin el the leo tel



73. The method of elailtl 67, wherein the
additional grocers in the altered N
glycesylation formal the target protein ... .
phasphadlesterased.pl crasidase, or a
glyetwyltiensfe 74. The method of claim
72, whieleif 1he ABhAT festsis the Aitered
N-812recsylation form of the largel protein
with hyydroduorie o 7S Therettigherdiy
iddrides 87~ 74, Wherein the additiom
processingeomprises:phosphicylation-et the:
altEYEY NG EShTATTSH for-m of the target
proteia. 1:Qu46 ;. AR.isolated protein.Ravinggicere.
altered-MNe@yeersykitirm, wherein the protein is
1rrnrrigeert fieltrod, Qfrrvort glaims. L7570 An
innst@elaY arrurvia ripolytfre, or .4rxnla
arienitivraims cell rieticaed, 1Sto comprise at
lerwt U. modified N-glheasylation activity. 78.
The isolated-cell-ldalo #¥swhereircss i
N-glycosyletioa activity.is Al Gl.activity, 79, dist
isolated.coil afelrrirtt L4943 Whet ens
N-glyco5ylarion activith is DC 11l 20 at 8Cr. lire
isolated céil fitartist 77 "Sit,cvitd a \I"2581 Tire
isolatedrf.i#srinereir 32..Fhe-isolated-eetetC
gta‘ﬁy@f‘ CIENE 7779, WHET IR T of e et proten
muddle:diPrls deletion of a gene etradling a
protein having the N-dygosylatioa activity. 30
83. The isolated eeil thany of claims 77-79,
wherein thecomprises



expretsirrrr ala made( Form ula prewin having
the N-glycoSylation .tivirrt 96 84. The
isolated cell of any of claims, 77-8lied licatien

compﬁ}ﬁ‘;?,immmaan?i?;“f;E‘iii&i%%pé’;i“diii?&f;iﬁ{iﬁhA
melemdceeilb-the-fumctioriatexpression of a
protein havingthe.N:alycomigtion, 2eHS M . o
85uTheisolatedrl.ntt.ofany«ofMaims 77,8:4

nrincreni ilie modification compris exg,ression

75. The method of any of claims 67-74, wherein the afditional procelsing comprises

of APrQLEIN, aghmgym@LywaMJamm
Ih e ISO!? R?iglagi%r!)lteigllavh/gl gf!l[dr] N-g yé)gyb\(xl(\{)lr‘)! (v;':hlereep(é ;)Lr(éx/nqsgngxyed

10aknoisyl,trans.throne actin iiv 87 llse
isolated cell of claim 85 or KW wherein the

. 77. /An isolated Yayrowia lipolytica ot drxula i ccall gepetica o ed
protein. Navindlain adimits.is A6 T6 T580."1 Tie
isolated cell of claim 85, wherein the prolein
having* Neglyeasy lotor-ma ar apgig o«
man n%ldﬁﬁ@ eell of claim 77 «879, whl-che-giyaglza&ecdilge,ul[l
afelcien SS. wineneirs Eliphmosids52
endopJ(gﬁm>lthi LER;L%HLHH]W-M wherein N—gg]yocr;syl-!:il;}gclivily is MNS1
isoiated cell of claim 38 or 89, wherein tho

i-skin activit}/ is a limiest protein comprisin%

S .y 81. The isolated celi afany of claims 77-79, wherein N-glycosylation activity is MNN9
annjdann;po endoplasmic re icuiar, tetention
peptide. 2591. Themsolated celi of claim
85.whéréfritig- ?‘ﬁfé‘iﬁps W‘})T@Té‘if‘i‘“i‘é‘“@ﬁﬁ%% of

deletion,of a gene epcading a protein having the N-glycosylation activity.

removing glucose residues 80111 MansNI 92.
The isolated-cell of-clairm85-or9livwheren the
pro“tiéeff‘f"ﬁﬁ‘?ﬂ‘aif‘%‘sbﬁ“’i’ﬁ”‘ ‘Ebeﬁﬁa'i‘f‘f”Ffﬁ‘\‘iing
0-1.3-glucosiclase activity.




99. The isolated cell of claim 91 or 92, wherein
the note. L isa alnronidair 91. The isOlated
ceflthe rota privet one hot'thegland bets subitiiii
99. TheMaged.cell.leiamire protein J;s,asamt
96" The isotated: @elromhhy"fyﬂwh the functional expression of a
eriCisini:$72:9Y, Whétein die cell is aenctically
2ed Nzesgllyo@gyllatmnnacﬂwwe&mi@wtmnT hi@ses
hefated cettof elaiti98 Witerein the at least
two mpdiliedl0-glyeosylativt atticilks prima
dclicieney-tair-Alactivity and an elevated level
of an ALGE acfivity,99. .The.isolated cell of
anysene.af claims 77-97, wherein the cell is
enetlcallly ‘Iednthr]ee 5mlodlfled N- gIQ/c]:osl lation
activitles.... “99."the isolated cell’ot ciaim 96,
wherein the at least ilAte modified
N-g dxéb@féﬁﬁﬁ HEHVtTES C Y E g e
deficiency 10 en AIAgg activity; an elevated
Ievel oleio Ad-{ CFﬂ’fa“@TiVlW“‘aﬂd anelevated-ievel
44 GGG VS P ACtivity 20100" the"
|solated cell of any one of elainis 77-99,
Wherein 'thiercelis"stitgerieticaty to e s
deficient in"an 6711 Tactivity. 1(11. The
isolated eelkaf-any-ene. of-elaimd Gywliyosyiton
glyeusylamioactivity is a fuman protein. 102
-lire :rotated.cell.of any of.claims. 44101, w
herein the modit cnprcssicrrrratr rroieirs or
biologically activeVariant thel COIl Qapabie 01
IOil ploisphory lesion to the modified

glycoprotein



3910: Elie isolated cell of claim 102,
vvherelrvO *goof that effects monnosyl
phospliorylatien is Mk di 104,slated cell of
claim JiNL whereinpraiein ar.hiologicallyies o o
thereof thateffects-mineteen vi phosphorylatiis
PNO1, 5105, A method, of harming,a discards,
tie:amble by odminisnation of 11 piniein Inc
allele yalthrad dimunisirth. adiiirisicrinttoo
>MAce! a'proiesti of €. 5111176, Wherein the
subject is ene-having;er suspected: ofitanirt,
aslitésser trestapia by’ At OWavitg difHone
Naglyaosylation:lhe. method.af.claim.10,
wherein-she-disorderiis amet-holie disordc
107 The, method.of £laim. 100, herein the..
metabolicdisordekis@Memorial storage:iiy: m
disotder-t. .0 SD)*“1'10 themethod of claim 107,
wherein thelaspsomal.storage dismal dS e,
thitheher dey-Seeldisease. Ponape disease.
Niemennthiek diceose, sir Friths, lWorme 100
rhejncasad,elan) oficlaims 105-100. wherein
the protein None. ossoeiated with A 20 LSD
110meihdts, WIEETERE e ROSICIE mmors e
istoseenrelnrrsoida-pulse:esti:lase

. of claim tOO, where" n bite protein is

ﬁolaled‘ cell of claim 102, wherein the protein or biplogically active variant

selected.fOL1 1 usg pinup.consistiag of
alpha-laiduronidase, betg.1)-galactosidase,
betamtherthidasto betathesesamillidasch
betwi 0. mannosidasth alpha-I1.-thicosidase.
arylsultatase D. aryjsulthriase A, alpha-N-



112. The method cif any of claims 105--lII.
further a anpniarrngdaerrrrirriag wireiliar
suhjeci has a disease treatable by
administrationda: proteinhaving. alteralie v
NsglyeoselationFhemettiod cif any of claims
105-112, wherein the.suRiect 8.0 umr .
1[4uA mleth@du@fctpi@dmé ream altered
"4-21yeotytatioti1imie" ohe l:arson ostoin. the

crein the sybject is OL having, or suspected of having, a isgase treatable h)

method.coniesisies.contacting a uirget grateill
with a cell lying prepared limn a tsc rinMa
lip/MyHal"SF S AR OF {011 TTRAR'S Len
genetically-ongintioinl-la.complise alleasts
on@M@ﬁ’Pﬁed 15-gls cnsylation activity.

Whereip Me.contacting.ax the Jarget.araloin
with-@m-eelliysateiresults-in as-alterees\N

glocosylation Drill of the targe lp 101611

he method of any of claims 105-108, wh cm th r( otein s one assoctated with a

A method of producing an uttered
Nonlyeosylotlnn form of a target piwaeirr. the

The method of claim 109, wherei (herpﬁ)icm is éucoccrfbr(mdasc r alpha-

me cOMprisitig contamipp

ga acl(m ase.

oncein with nine or more proteins having
N- gch‘dsymﬂﬁf‘r‘l’ﬂ”Hﬁtﬁ?l‘t?‘“ﬂ\lhﬁ?‘éﬁ"‘ﬂ’fé ONY or
[ 3lp

ha-1.-idlronidase bh[) galactode betd gl cosidase, beta- hcxps aminidase, bgta-P-
ats

morE. RIOEINS NAYING..Le-glyeasyiation activity
arec@@t@ne@lunumgaolﬁﬁr@wmn@iﬂ@dﬂ@a&w@ﬂ@eﬂmde
il EfderivNore Celberstieany=
engineared.lo.comprise at least etk: rnadumed
Nyglyricsylation activity and wherein
contacting the target tnolectile with Lk, Ulla err
MO,. proteins 1151,r, N-gryCOSyiatiO11

aellsay [can [Lai in an altered N- plenswatlon

Y~ N A o~ R




01,the nucleotide sequence. Ill 122. A
wino'prising the nucleic acid sequence of arts
173 An essmession vector comprising [Inc
nucleig.agid.stotenee. of.anz.Qfclaims.118:
12%id:Pd Ao A @ @red-celt conserking:theaio.
exmeel127, or nose cell wherein the cell
expresses the polepepLide 126. A method of
producing-g&proteir: Thé@fdc‘?lémﬁmﬂ{ﬁe‘ Fi;ﬂ& the
20724 Uhder. condifions. permiting the ...
eXPression ot the. we k@G r:Fhe-methed-of
clalitti ‘128 [Striker ey, F1rsHre Slier coltisriusi.
the polypeatide.fram.the gell.ar the.medium in
whieh Mesieell:ywasee ety gl or more proteins having N-glycosylation

I5  activity, wherein the one or more proteins having N-glycosylation activity are obtained from a
Yarrowia lipolytica or an Arxula adeninivorans cefl genetically engineered to comprise at least
one modified N-glycosylation activity and wherein contacting the target molecule with the one
or more proteins having N-glycosylation activity results in an altered N-glycosylation form of
the target protein.

20

116. A substantially pure culture of Yarrowia lipolytica or Arxula adeninivorans cells, a
substantial number of which are geneticaily engineered to comprise at least one modified N-

glycosylation activity.
25 117. The substantially pure cuiture of cells of claim 87, wherein the cujture of cells
contains one or more subpopuiations of cetls, each subpopulation comprising a different

modified glycosylation activity.

118. An isolated nucleotide sequence comptising SEQ 1D NO:1 or SEQ 1D NO:2.

100
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119. An isolated nucleotide sequence comprising a sequence that is at least 80%
identical to SEQ ID NO:1 or SEQ iD NO:2.

120. A polypeptide encoded by the isolated nucleotide sequence of claims 118 or 119.

121. An isolated nucleic acid comprising:

(a) a nucleotide sequence that hybridizes under highly stringent conditions to the
complement of SEQ ID NO:1 or SEQ ID NO:2; or

(b) the complement of the nucleotide sequence.

122. A vector comprising the nucleic acid sequence of any of claims 118-121.

123. An expression vector comprising the nucleic acid sequence of any of ¢laims 118~

121,

124, A cultured cell comprising the expression vector of claim 123, or a progeny of the

cell, wherein the celi expresses the polypeptide.

125. A method of producing a protein, the method comprising culturing a ceil of claim

124 under conditions permitting the expression of the polypeptide.

126. The method of claim 125, further comprising after culturing the cell, isolating the

polypeptide from the ceil or the medium in which the celi was cultured.

101



