
GLYCOSYLATION OF MOLECULES
Technical Field The invention relates to
methods of obtaining glycosylated molecules,
particularly protein and lipid molecules.
Background       High performance expression
systems are required to produce most
biopharmaceuticals       (e.g., recombinant
proteins) currently under development. The
biological activity of many of these
biopharmaceuticals is dependent on their
modification (e.g., phosphorylation or
glycosylation). A yeast-based expression
system combines the ease of genetic
manipulation and fermentation of a microbial
organism with the capability to secrete and to
modify proteins. However, recombinant
glycoproteins produced in yeast cells exhibit
mainly heterogeneous high- mammose and
hyper-mannose glycan structures, which can
be deterimental to protein function
downstream processing, and subsequent
therapeutic use, particularly where
glycosylation plays a biologically significant
role. Summary The present invention is
based, at least in part on: (a) the discovery
that single gene deletion (Outer CHain
elongation (OCH) deletion) in Yarroma
hypolitica cells resulted in the substantially
homogeneous production of glycosylated
proteins having a-1,2-linked mannose
residues on a Man5GlcNAc2 (structural
formula IV; FIG.1) backbone:(b) the discovery
that overexpression of an engineered alpha-
1,2-mannosidase targeted to the ER of
Yarrowta lipolytica cells (both with AND
without OCH deletion) resulted in the
substantially 



homogenous production of glycosylated
proteins carrying the Man5GlcNAc2 N-glycan
structure (strutural formula IV:Fig.1); (c) the
discovery that inactivating the Asparagine
Linked Glycosylation 3(ALG3) enzyme activity
in Yarrowta lipolytica cells results in highly
increased levels of glucosylated glycans; and
(d) the discovery that overexpression of a
wild-type form of a Yarrowta lipolytica gene
(MNN4) in Yarrowta lipolytica results in
hyperphosphorylation of a- 1,2 linked
mannose residues. Thus, the genetically
engineered cells (e.g.. Yarrowta lipolytica,
Arxuia adeninivorans, or other related species
dimorphic yeast cells) can be used in methods
to   produce target molecules having an
altered N-glycoselation form as compared to
the Nylyeosyrai lost Ratiol the miget
molecules produced in non-genetically
engineered cells of the same species As admit
IStratiOn Of N-glycosy lured target molecules
(e.g.. N-glycosylated pioteins) to patients
having a metabolic disorder (Ng.. a I ysosomal
storage disorder) has burn 9shown to
amehomte dm symptoms lithe disorder. the
methods and cells described ma usena the
prep:uminnN-Dycosylated target molecules for
the treatinent of, oner aha, idabOh, diSOldelS
SUCh as lysosirmil storage disorders.         I
be meant invention is also bred, at Dast in
part, on rhudisameiy of the spiked num of the
Yu, rowia hp folsra and nolno pastorio LAC
gene The protein mimetic(' by tlie 10gene,
Has tin, is a transcriprionai activator that
activates transpiption ut smart! lomat genes hy
binding to a DNA sequence motif [mimed the
Inntiilaid Protein Response PR) element.
Among the liar I p target genes are Muse Mat
elleOdechapelopws. foldwas. DM protein:
which are responsible for lipid-and inositol
metabolism As leapticed limit I lael p is A more
potent transcriptional activator than the form
encodml by the wisp-Dud HAM I inlaNA.
merexpaession 15of the spliced form oft tar. I
is. liana do Mu Reim can lead to an inpeased
expression of native      homolugc011,
proteins as well as an ins mate in ER
membrane. thus. the spliced Ram (IC Ilse tts
cam be ssrd is increase the moduaion of
membraneand secreted proteins in stalely of
eukaryotic cells KC g , fungal cells (mg ,
hr.-ow:No ipolpira many other yea& culls
described herein), plant cells, or animal cells g
, mammalian cells such as Emmen cells) by
simultaneous 20activation of the UPR and
expression of angel Melee*,         The pirsiert
invention Is Maim based on the discnvery of a
mutant rorm of the NINS 1.11110Sidas,
caimble of tionaciring Mans(ilcNAer (Duetmat
fonnula Fig. 4) SIRICLUCCS to
adausGMNAcr (Plummet anemia IV. lay 1),
ralamrsiMNAc, isrrnslaral formula v; and
Nlans(alcNiAm (structural foi main VD Fiy. 4)
when expressed in Yammer) applyrico. 



25genetically enginecad mikes yoke mady.,
fimgal cells (e.g.. Y atrOW10 iip01.1.1tal or
any other yeast culls tics, ibal Mein), plant
cells, or animal celis re g. mammalian sells
such as human cells)) expressing mutant lir
Elth of linilillOSidare suck as M NS I Call he
used in methods to produce LIF2elim,Ing
aliempl Ntlycosylation form as compared lathe
N glycosylation alrUl Or the itrgel1110[CCLON
p,ssd,teossl in nomptiverically engineetad
cells onthe 30same species. iherefore, the
cell!, arid 1110[10J, deretibud ate useful im
the preparation OHS-  glyeosylaied target
molecules fUr thetreatment of. !ma alia
metabolic diso lysesaptial .4017180 diso,ders
(see below) In one aspect, the disclosure
features a method of prodNeing an altelth
N-glyeosylarion Don u(a target Dolan) I he
method includes the step of intaaltNing into a
cell a nucleic ncid 5 ear.atinsa tathei potein.
whet ens the cell produces/he ranges protein
in all aliC1011 NplycosylaLiLlIl trues 55 and
wherein the cell it a Yanoivia 1,poiluico or Ns
anula advniniworuoi, can (sa a related specie)
dinithpliN gaminess) genetically engineered
tolealamodified N-glycosyirsion aelivity. The
mcahod cats also illeltILIO silo sawothsiding
the (arrowia Niro:pica saran astIsslIsas
asdess.spsoso."ensaeell (or !elated species
Mom! phic yeast cell) genetically
10enzstneebNI to contain at least one
modifiedh-glycusylatioll activity I be merhod
can also il1,111(1, site slap Of iculating the
altered K glycos)lation forth oltibget porch)
Ill to111, she target plawein can be an
endogenous motel]) or an exocenous protein
the target pi otein eats he a mammalism
protein such as a human ptotein I he target
Dom), can he. KA example. a pathogen
protein, Is lysesomal a chemokine. an
antibody or antigen-binding liagment rise i epf,
re a fusion protein The fusion protein can he,
for example. a fu,ion TN pathogen protein a
lysosomal protein. a growl) Demi, a rys.sisi ne,
or a ehemokine with an athlbody m as) anti
gcn-hinding llagment thereof. The targht
pthem can be, [hr example, one associated
with a Dsosomal stolatee disorder (LSD) The
target protein can be. far example, eltl.,1
ebrosidaae, galactocerethosidase, alphal
Tduronidace.
beta-D-galactosidasesbela-plucosidate,
beth-hexosaminiclase, beta D mannosidase,
alpha-Lfucosidase, ar?tullatase B.
ar)Duliatase A.
alplia-N-bcteylgalaelnsaminidase,
asponylgIpcosamipidase,
iduronate-2.-sulfatase.
elphatducosamintde-N-acetyluansferase,
beta-1 Tyluenronidase, hvaluronidase,
alpha-Tmannosidose, alpha- nem nminidase.
phosphotransferase. acid lipase, acid
DA:mud/Ise. sphthognwelinase. thioes)etase,
callsopsis K, or lipopowein lipase 



In some ernbotthnettp, the alined
N-Ohcnsylation loin) can contain 011, an
sacra 7,- gl;can Auctures such as, eg ,
AlanWileNAnw IslansGleNA eh
ManaOlchhAea, Man)CleNAth.
film'slaw-GIcNAc2, GleshlansGlathAt 2 t.ss
.a(IIIIC enthodimenta. the altered glycosylation
cam be, for example, Alans(lIcNAcs,
Abus),GleNAK. AlanAtIchlAch
ManTilcNAce,GIclNlanslikNAth,
itstile2ManaGIcNAcs  In some rm btrd
itniennis, lie altercel Ntglyroxsistine lops oftat
act protein can he laotriogermos or
substaistially homage: may Firexample, Mc
Iraigionolicred target molecules tbal contain
the altered gimosylation eau be at least about
20%, or leas! about 30%, at least about at
leant about 55%, at least eistut 50%, at Masi
about 55%, in least Minns Mrany at least
5abuts 65%, at least about 70%.Mast about
75%, 2I least about 00%, at Imat about aPtin,
at km; Mem 90:15, or at least ahoul 9555 01
MOIC.          Inn MIMIC CalballialalltS,IIIC CAI
earn ire genetically engineered to be deficient
in at least tale Insglycosylation act ishy. he N
sglycosylation activity ean be, for example,
ALCMS actiyity, 1.X :1-11 activity. AINS1
activity. or MN N9 activity.         In some
embodiments, at least one modification can
be: (a) deletion Ma gene CllEXKling protein
having the Pl-glycosylation activity: (a)
expression ore mutant Von" of a pagein
haying the hisgigcotYlatilill activity; it
introduction or expression of ari RNA rimlecule
that MeiMies with the functional expression of
a protein having the gl-glycmylati011 statist it
(d)expiession of it protein having
bl-glycomtlation activity (such an ALSO or an
alphasmannoskiase (e.g., an
15alpha-maimosidam targeted to the
endoplasmie reticulumn The expomned
piorein can lie a protein encoded by an
exogenous nucleic acid itt ale cell. The
expressed piotein can Heart
alphasmannosidase with a ph I optimum
below Ti hug., apH optimum below 5.1). Ise
protein basing N-pt yeosylation activity can
bean exogenous alallein The inMein having
Ns glycotylation anivicy can he a mammalian
protein Math as aOF 0 lower 20enkaryotie
(e.g.. a fungus, a protozoan, or a trypentimme)
pettetta. The lowm: eilkaiyoie ean selected
from the group C011Skting of Typanosoing
Le-nnnrno a, Irteds,orennn horsinnum, anti
Aspurand any other lower eulowyote
described herein.         In some embodiments,
the N ycosylation activity Cala be a
NueosynralISILMISO ostisity. Inn some
embodiments, the protein having
thvelyeosylation miiyity is A1,66 or an alpha-
matmosidime. The alphasmannosidase can
he targeted to the endoplasiniefor example,
the protein having N sglyconylation activity
can lies-poPein comprising all
alphibmannonidase polypeptide and an I IDOL
eridoplaymielailalliOn peptide 



In some embodiments. the protein having
lemlycpsyletion activity ear, be a protein that is
capable of removina glucose residues from
IclemnGILNAon. For example, thc protein in
sen ting N- 70glyconylalion activity can be a
protein having mil nlygluonsidase activity such
as, but not limited  to, a glescusidase II te ,
ooc or Mob of the alpha and beta subunit of a
glucosidase II) or a 11101411004.          ill
some embodiments, the mil can he genetically
engineered to COtS prisea I Meta two
modified N-glycosyletion activities such as
navef the modilied N-glycosylation activities
described herein. The at least two modiiicd
N-glycoimiation activitiescan comprise. e.g..
deficiency ID an AlsG3 um is ay mid an
elevated levet of an Al .06 activity.         hi
some embodiments, the cell can be
genetically engineered to compriae at Nast
modilicd N-glycosylation activities smli as any
of the modified N-glymesylation amisieica
describes] his ein. 'rho or loam thee modified
N-glycosylation tells hies can cern pi key mg.,
a If()Oleic.), in an ALG3 activity; an eievatcd
level of an ALG6 activity: and 40 dastard him]
of a a gtheosidam iitcrisiry. In some
embodiments, the cell is nu genetically
engineered lobe delicieui in an OCH
In sonata embodiments, modifiesitimi can
eomprise cm:Tessa, of a protein or biologically
15active variant thereof capable of offmting
mei:nosy' phosphorylation of the target
protein. The protein or biologically active
variant thereof capable of
effectingpliosphorylation can be NINN4. PN()I.
or NININ6some eMbod in tents. at lenat about
3061, of the mannosyt iusidues of it
glycopnatein can be plinsphoryluted
'tintome embudimmils, the inetliocl colt further
ine Tido additional processing of Ow
glytioprolein. The additional processing 4011
OC.C.ur iir eateo or it, clear. The additional
processing atm comprise addition of a
heterologous moiety to the modified
glycoprotein. The heterologoos moiety can he
a polymer or a carrier. The additimml
piocessiog ern comprise eityymatic or
chemical treatment of the altered
N-glyentylatimi ih,a,o1.1110 tai gel protein. Inc
example, the additional processing can
comprise 10,10001a Of lire altered
N-glycosylation form of the target 26pi-oaeimr
with a mannosidase, a mannamise,
phosphodleaterase, a glmosidase, or a
glycosyltransferase. The additional
pro-missing can amanita treatment of the
altered lei glycosylation form of the target
protein with hydroilipm its acid.headditional
processing Can include plumphorylation of the
altered N-glyensylation form of the target
protein. In another aspect, the disclosure
provides a method el producing an altered N- 



glycosylatinn form olio target protein. The
method imkoles Om steps of: providing a
eukaiymie .tflcoil tam. a fungal cell, a plant
cell. or ent allcell) gmictically engineered to
comprise in: least  one modiliRt N-Nymosy I
ntirntn netd encoding a target protein, wherein
the cell piodures the tat g, artother aspect, the
dimiesure Mamie, a method of producing an
altered N glycosylation COM, of a target
[mocha 'lie method inn odes the step of
contacting a target 5 protein with n con lysate
prepared from a Yon owia hnolvtian or an
Alflik? Ofk27.0",01117, cell genetically
engineered to comprise at least one modifed
N-glycosylation autivity, (thiamin the
contacting of the target protein with the cell
lysate results in an altered N-glycocylatior
form of the target protein. In yet another
aspect, the disclosure Id attires a methoti of
producing an altered N- 10 glyeosylat ion form
of a target protein, WhiCh method includes the
step of contacting a target protein with one or
more proteins having N-glyousylation activity,
WilCreill the one or mom: moteins having
N-Nycosylation activity are obtained facto
Yarrulvia iip-ilyth, or an Amola
OLUI111,010Yri cell genRicalty engitwered to
commion at least one modified
N-glyensylation activity and wherein
contacting the target motecule with Moo:too:
mote proteins having Nglycosylation actiyity
results in an altered N-glycosylation tintrofose.
target protein.         In another aspect, the
disclosure provides sobnotated protein having
altemd Nglycosylation, wherein the protein is
produced by any ofthe methods deRribed
above.         In yet another Aspect, the
disciOSUI, provides an isolated YOMIllqa
iltalytiAl oar ATX7110 adeninivoram cell tor
other related species diirast phi yeast cent
gencticalty engineered to 20 comprise at least
one modified N-glyoysylation actisay. The
N-glycosylstion activity can he, Our eXaMple,
ALG3 activity, Oct I l activity, NINS1 activity,
on MN NO activity. The modification can he
any of &scribal immin I' onr example, the
modification ean include: (a) deletion of a
gene encoding a protein having the
Nvelyeosylation act isj7y, ci, lenin, en atom of
a mutant form of a protein having the
N-glycosy [anon activity, (R) itlItOdlletiell 01 en
prcssion of an RNA molecule 25than
interferes with the functional expression MN
protein having Me N-glyreaNation activity, or
Muexpression of a protein having
Nitlycosylation ad Maymomin having
N-glycosylation                      example, ALG6.
The protein Imviug N-glycoselation activity CM
he a mammailan protein such as a human
protein. The muctilimlion Am also Meiotic
expression of a proteinia.c, NONA or 15iR011
or biologically active variant thentolmpable of
pivimoting Ottmmbisyl phosphor'- nation of the
modified glycopromin.  In another fist,re
'Novices a method of treating a disorder
treasahlehy administfinion ola
potriuNeglyiosylinionlbe method includes thc
steps in 



administering to a sebiert a poop obtained by
any al she methods described above, wherein
the aLihireL is op hariugy on suspected of
having, a disease irentalde by administintion
of a protein       Littered NiKlyrosyliiiion. I he
method can Ns includethe steps el (s)
providing a subject andlor (b) determining
whether also sabred No a disease treatable by
administration of a protein N-glycosy laden I
IN sulnecl can he mammal such as a human
The disorder eats     roc example, a crIncer,
an in,nanEllogical d bander. an infiammacons
condition) or a metabolic disoolcr I he
metabolic disorder can be any of these
described heFeill. IP lysosumal storage
diseider 0N D) such as Cram: her disease,
Tay Sachs disease, Ponape disease.
Niel...in-Pick disease, or f Eh y disease. The
protein can be one associated with 411 LSD, c
g the eon he. lbr example.
glueocerehrosidase, alphogalactosidsme. The
protein can Qv Im example,
alpha-lciduronidase, beta D galacosidase,
besa-glocusidesny bcia-licsoraminidase,
heta-D-mannosidase, alpha L fucosidase.
arylsolfatase 43. aryl.] laQsc A, alpha-N-
ISacteO gniacrosammidase,
aspartylglucosaminidase,
iduronate-2-stillatase, alplorglinosaminicle-
N-acetyltransfoase, hem-D-giucoronidase.
hyaluronidase, rtipha-Lcummosidaec, alpha-
nem ommidase, phosphotransferasc. acid
lipase, acid orsunidsisc,
sphiroginyclinase.minesterase. cathepsin K, or
lipoprotein lipase In another aspect, the
disclosure pfiwides a substantialulime of fig
ronira Gpoliilies sin drindo racznroirm any
cells tor other relined species dimorphic yeast
yells), a substantial manlier of which being
genetically engineered to comprise at leas]
one 111,1111:4! glycocylni ion activity ouch as
any of the modifications described herein) The
culture et cells can ennui-in one or more
subpepulations or cells, each subpopuletimi
EVIIIIHSIIT 51 different modified glecoolation
activity.         In yet another aspect. the
disclosure provides ray an isolaiNI nuelsotide
serpent, compiising SKI) ID NO:] an 5110
iD00:2s(h) an isolated linelnitid, Snieern,
COMP. ismg a sequence that is at least 50%
identical to SEQ ID NOil or SEQ ID NO-2; or
lc) a polypeptidc encoded by the isolated
nucleotide sequence of (a) or (h) In some sal
bsesll,nea Ia, I he isolated nudeic acid
sequence is 8130 ID NOil or SEQ ID 00-2  tat
aaolhceaopoat. alto clioclosuac featarea an
isciated nucleic acid contain:on: intent
condition= to the complemISEQ ID NO.I ci
SirQ ID NOSY or dial the complement of the
nucleotide sequence. IaaaaiauclItertas1acca.
the disclosure provides: fat an isolated
nueletaida %%active S eotttpr Ming Mx
consisting of) any of the nucleic acid
sequences depicted ilLLTVil), LTA AO isolated
nucleotide sequence conprising a sequence
that [ant least 80% identical LO any oaths
tiimleic avid sequences depicted hernia; or (ci
a polypeptide encoded by the isolated
nuileatale sequence (a) or alit In some
emiodiments, the isolated nucleic acid
sequence [sully 01 the nucleic acid depicted
herein. If)In another aspect. the disclosure tea
tiaras an isolated oncleic acid containing: tal a 



nucleotide sequence had hybridizes undo
Nasky stringent conditions to the complement
tinny of the nucleic acid sequentms depicted
Iteton: or list the complement Of the
nucleotide sequence.         In yet another
aspect, the disulusate plovidcs. (at a vector
comp Mine any of the nucleic. add
sequencesdescribed above or pa) a ealimed
cell containing theeemo: of la). The sector ettr,
lebe an osores=ion sector The nucleic acid
sequence in the vector can be operably linked
to exor8ssion control sequence In Nam hei
aspect: the disclosure %%sides a method for
producing a protein 1 he tombod includes the
she pof CIPLUOLLIg any of the cells
described above under conditions penaliatna
espression or dm oink:Nideno method can
also include the step of after cultoitig II react],
20 isolation the polypeotidc from thc each or
the medium in %latch dm cell was cultin8d.
The cull COIL be, e.g.. atculomed cell
containing a yeems comprising any of the
nucleic arid scaLMICW, described above The
target mulcauks (e.g.. target proteins),
proteins havingglycosvlation activity., and
altered Iska]yeusylation molecules chiselMed
herein Moilixtively referred to as
LLMOLe(OLICS oath, 25invention% ean, but
ttmd nts, hc tsolated He teat sisolineds as
applied to any of the molecules of the
lascaatictt dcscritacsl herein tetbm to it
molecule, or a fragment thereof. [bathos been
aeparated or paanhicci lion component= (n .y..
proteins, other naturally occurring biological or
organic molceulog which maimally accompany
it. It is understood that recombinant molecules
(e.g.. lecombiratta proems) will always lie
"belated s fypically. a molecule of dm
invention is 80isolated when it constitutes a:
least 60%. lay weight, of the total molecule= of
dm same type in a preparation, e.g..
80%01qmtotal molecules Of tite satin type in a
sample For example, an  alteirsd glyconylation
protein in isolated when it constitutes at least
6006, by weight, of he total protein
lnuniepnru.tinn or sample. In some
embodiments, a molecule of the invention in
rho prepairation curio intoof at least 75%. at
least OCrnr. or at least 990'b. by weight, of the
total molecules of the sonic typaint pi
Cp.:nation. As used hoein, an salteted
N-glycosylation form- of a target molecule is to
is- glveu.sni. at on lisrm of a tru get molecule
produced by a generically engineered hostg ,
Intrataw Spolyika cell, _Saida askniSsivorans
cell, or a InelI of another related dimorphic
yeast cell species) that differs from the
N-glycosylation formal' the target molecule
producett urn non-genetically engineered cell
of the same species as tilt generically
engineered et If I hr's, an 



10altered glycosylation form of t target
molecule, can be, lor extun pL..tt fors" fibre
Mrger molecule that it not N-glycosylated. Mur
tImer, on alrerod elyeasylatron form of a target
molecule can be, g . a Corm al the Largna
(nelent Ic lhal 101tattered phosphorylation of
One On mare 7S-linked glycans As used
-1.1-6n, the term 'other related dimorphic
yeast cell species" !refers toccatas 15related
to Yarrouia 1112(4170/ and
Ar011101A01in.:00,0 thin belong Br the family
Dipodak as- as sir.* as Amass Di
irsulastiiisgair iisiss, 0 '12.!?.01S. or D sooty
toss G a:tartan/lc es re vg lc g SIVids hensif,
and 7tartritscas. Specifically. yeasts in the
chafe !skis hni how; u   gsttorest md
Sziphsomoi(to whin 1", lop:Mks is assinned try
analysis unlike Di D2 domain silk,'
SOS-elCNA sequences: of spec istc snob as
ttrocria ciekninivorams 0; A i07,100) told some
ti small/At species tag , <7 trproo/o but not et
a' bwaris, C mallow arC. tenon 'is/on.
"Polypeptidc" and "ponces" are nand
IntenahangealnIa, and mean any
peptide-linked chain ol amino acids,
regardless of length or sort-translational
modification.         The disclosure also
provides (ii biologically active variants and (iii
biologically active franments or biologialy
active Val lards nteleof, of the wild-type, fur
I--tenth, mature "target proteins" or "prtacilla
having Naglyeesa.!al Len acti, ry" dace] ibed
herein Biologically active variants of
lull-lenslar, Intuit, wild-type turneries or
fragments of tbe oteins can contain additions,
deictions, or substitutionS Proteins with
substitutions wilt generally have not more
50than 50 re.g , nor more than one. Iwo, trree,
lour, fist, nm, smelt, eight, nine, ten, 12, 15.
20,25, IQ 35,10, or 503 conservative amino
acid substitutions A troostrvative sithsthution
in tire  elan-Minn of one amino acid for
another with similar ch substimtins include
,1113Stiillt101" within the following groups:
saisri [Amine, valink and isolencinci aspar]ic
acid and glumun snids skin agine Mid
gluts-anise: serine, cysteine, and tlficonine,
lysine and argininc; stud plienylnlanine and
tyrosine. The non polar 5hydropholsic amino
acids include alaninu, Cueing. ISOlatilIC,
valise, praline. phenylalanine, iryptophan and
methionine. The polar neutral amino acids
insILIJe gl vein, si,st Me, thiamine, cystoids.,
tyrosine, asparagine and 211.113111i11C.
The positively chargot (basic) am in aids
include al &nine, lyaine and histid inn. Tie
negatively chargA:MCidie)
rsisscaneid.tiiac:ude aspartic acid and gluamic
acid. Any substitution or spin nimbec of no
above-mentioned polar, basic or 



10 acidic groups hi another manlier al thc
male group mu be deemed a conservative
substitution. By contrast, a nomainservaiyo
substitution is a tdatinition of one amino acid
for another with ditthnilar characteristics.
Deletion variants can lack one, two, dime, fan
fike, tin seven, eight, nine, ten, I I, 12,       13.
14, [5. id, IC, I 3, 19, or 20 amino acid
kurnonis lof two or more amino acids) or
non-IScontiguous single an, adds Additions
(addition variants) include Bain proteins
containing: (a) luldlungth, wild- ape. minute
polypeptidn di liagmants thavol containing at
least "Ise ainino acids; and (hi alerts] or
termisral (C or N) inkvant or lardologoos
amino acid sequeitces. In the context of inns
non pratuMs, thq LAM "Inctologous ?ffili110
add sequences" relent to an Mune acid
20sequence other tin (al A fission protoil
cronnining apeptide described herein and a
heterologout amino acid sequence thus does-
not correspond useequence to al: or part el a
naturally occurring platen A lietantogns
sequence can be, for example as argument
usca for purification et: We recotribinut protein
kfig ,10 AG, potyhistidine (en.. Insahittidine),
hemagluttanin 0 IA). dutathion-STransfa ke
(BST). or malmse.binding protein (MBP)). 25 I
lanologns sequemcs an also be proteins
useful as diagnostic or detectable markers, for
eXaMplo, locilifinse, green fintoscons protein
(C FP), Cr chloramphenien acetyl trallS[Cr3Ss
(CAT), In somo aribudiments, the 1115i611
dein contains a skint sequence 1imm mother
protein. In Amain host netts [e.g., yak: tins
cells), expression andier secretion oldie target
protein call be iranased through site of a
heterologous signal sequence. In some
embodinkrits, 70the [solo as pwicin eau
contain carrier (ems., KM) useful, e.g.. in
netting an immun tesponso (e.gdandy
gag:satin, one below} or endoplasmio
reticulum or Gold apparatus retention  cignals
licterologous scamencei can:dalI mdi Jr same
cases cart b-  a locate, sequences than the
Rill-length target pioteinsio witch the
Imerologons sequences are crotched. A
"firegment" as ufrol het cin, refers to a
segment of the polypeptide that is shorter than
a fulldength, t1111Eatutat protein hagnients of
a protein can have terminal (carboxy or
amino- 5W1211111:10 aricatra internal
deletions Generally, fragments of a protein will
be at least four (mg., at frost tive, at lemi six,
at least seven, at least eight. at least nine, at
least 10, at least NM at least 15, 



at least 18, at tease 25 at least 30, at least 35,
ot least aria, at; team 50; at least 60, at least
05, at least 70, at :east 15, at least 80, at least
85, ot least 90, Or uI IC,Si WO en moic) amino
acids in length, 10ltioioeical Iv active
fragments or biologic:11D active variantsof the
target proteins or proteins having
N-glyeamelation activity have at Nast 75%
am.g., at Nest 30%; 40.5%; 50%; 60%; 10%;
75%; 80%; 85%; 90%; 95%; 975-0: 98%,
99%; 99 5%, or 100% or even greater) of the
activity of the wild-type, full-Ictigth, mature.
protein, In the :ace of a targm protein, the
mievant activity is the ability ODte taro pugs%
to undergo altered N-glycosailation in a
genetically 15engineered cell, In the case of a
pruicin having N-glycosylation acr.ivitrt, the
relevant acti N glycosylation activity.
Depending 011 their intended usc. the
poteins, biologically active fragments, or
biologically active variants timmf mat be of any
species, such as. e.g., fungus (including
yeast), nematode, insect, 1)1ant, bird, mptilt5
or mammal (age a mouse, rat, mail, hamster,
gerbil, dog, 20 Cat, goat, pig. cow. horse,
whale, motfroy, or human). In come
embodiments. biologically active framnents or
hiologittaily ne.iive. sari,IMS include
immunogenic and antigenic fragments of the
proteins, An immunogei tie lingimitit is one
Omt has at least 255d (e.g., at least: 30%;
1015;; 50%; 6055; 70%; 75%t 60%; 8555;
90%, 95%, 97%, 98%; 99%; 99.5%. or HO%
or eken more) r the ability of the releman
irtmompro prone-liars stimulate an immune
response Neg., an 25antibody response era
cello Li immune 117Spouse) in an animal cif
intemal. An antigenic fragment a a prOWill is
one having at Nast 75% (e.d., at least: 3056;
4(015 505;i6 60%; 70%; 15%; 8058: 8751e;
90%; 95%; 97%; 98%; 9955; 99,5%, or 100%
or even dreater) of the ability of the relevant
fuldlength, immature protein to be tecogniced
by an antibody specific kir the protein or a T
cell specific to the protein. "N-glycosylation
activity" as used hautin setdes to any activity
that is @capable of adding %kinked glycolic to
a target molecule lie m m
oligosaccharyltomsferase activity): aii)
removing N.linked glycans from a target
molecule. (iii) modilbing titteor note IN- hat
Iced glyc 011 a laurel molecule.. (iv) modifying
dolicholdinked oligosam:des; or (s) is capable
ofaithi the activity of the activities under (his).
As such, blislycosylatisactivity includes, e.g., k
glycosidase activity, glycosidase activity,
glyctixe Iowan threanc arab ity. toga 



5synthesis, modification, or transporter
activity. Shodilimitioe of catty or mese N-lhiked
gig:mason 3 target molecule includes the
action of a IlniirillOnyiphilnpilninniiilanniiilione
Neilsfly, a kalaSa, a phosphasase activity.
e.g.. a mannosylphosphorylirmisibrase, a
kinase. or a tying that alters she
phosphorylation state of Nslinkci glyeaus on
target molecules. toAs used herein. to
'genetically engineer a cell ore, "genesirally
is:mines:red cell and like terminology refers to
any ardlicially created gmietic Mg:ratio, of a
cell that results in at least one modified
1<sgiveosylation actisity itt she cell as
compared to a ..-eenerically engineered cell
le.g..tt limgal ccii such as Y 11,17,14 lir xi(yr/a
di dal/. .4,r1da eufrninivorauP cell. other
re:ated Sptta, tlatacoryslcc >Can: tien,11 piallt
cell, ot an animal cell (e.g., a mammalian cell
such as a IS la,etatao cell)). I has, it in
understood that artificially created genetic
alterations do not include, e.g., spot:tan:sous
anitatiMIX Xxamplesolartificial genetic
alterations are deserilied below (sec
Mimetically Engineer ed Cells").        As used
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. respectively, a biological
211organism as that hid:missal oi pianism
exists in nature. The ham hi imerologous" on
applied herein TO a nucleic acid ill a host cell
or a polypeptide produced by a host cell glom
to any nucleic acid or polypeptide (e.g.. an
protein having Ns gismosylatimi heti vile) that
is mit derived from a cell of the same species
as the host cell Ace.01 dingly, as immi herein.
shomologimas anemic acids, or proteins, are
those that occur ill, or 25sire pi OtillekXi. by. a
male ihe same specie: as Use host cell.        I
he Mins "essogenims" as used herein with
reference to nucleic acid and it particalmilitMt
cell relcrs ILI ally IILInkin, ncial litel alertnot
aCCUr in land cannot he obtained from) that
panietIL:Ir cell as Sound if] inillL31C. MOS, a
non-naturally-occurring nucleic acid is
considered to be exogenous pa a host cell
same iittioduced into Me host cell. II is
important tri nose that: nem
natumlly-oecurring nucleic acids eati contain
nucleic acid subsequences or fragmends of
nucleic acid seqUe11170`; the are Thnnn diaa
tnalaaw provided than the nucleic acid as
atehole does not exist ill  nature. For example,
a nucleic acid molecule COELlinng a gentinee
DNA SCMILUICe welkin nn expreksion vmdoi
is non-naturally-occurring nucleic acid, and
thus k exogenous to a host mil rime
Inneduced km the host cell, since that nucleic
acid molecule as a whole (genomic DNA plus
vecnn DNA) does not exist in nature. Thus.
allE VeCLOI, autonomously rotilicatiug or Vno
us. adenovirus. or hemes aim, that as a whol'e
does not mist in 'Mum is c,auseclered as
t,eron naturallywring FRICkiL acid. It follows
die: genomic DNA fi 



produced by PCR or restriction Manuel:me
trea[111Cla'NCH as cli)N As nincrinsidsed In
he nonnantrallymccurring nucleic acid since
they exist as separate molecules not found in
nature It also follows that any nucleic acid
containing a promote; minima:no(
kolypeplideAncoding 10sequence (mg.. cDNA
angenomic DNA) in an arrangeomin DUI
Ful.111,1 illIODIC is non-naturally- occurring
nucleic acid A nucleic acid Mat is
unntmllysocenning can he exogenous to a
patticular cell. For examples an entiic
Li1101110,0111e ISOblIed 60111 a cell of
yeast a is an exogenous nucleic acid with
import to n ccl tn.r yeAst y once that
chromosome is introduced into a cell of yeast
y. 15It will be clear from the abuse that
dcmgcrionslMICICiC mirk cm Inc
"homologous" or "heterologouse meleic acids
IllamilmsylIPL),.111Maidogiericusf as used hei
ern with reference to nucleic acids m gams (tv
orotems encoded hy the nucleic acids or
genes i aadaparticLalarccll relkk to any /mode,
acid car gene mar docs occur in (and can be
oktaintsd from) that particular COI
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
sell, tm modem,. [kende acid HO,CVLX, lime
Al kg pretein coding sequence and the A LG6
pukcin produced by lInac. homologous with
impect to the cell Similarly. an expression
plasmid encodingCae?7117iVOFIJOI9 Al GO
plaint that is transformed into a 15 hpottakica
cell is. 25kiln respect to dm cell, an exogenous
111JC,CIC ncid In conn mt will the previous
example, however. dic ALCM protein ...riding
:sequence me the Al CM protein produced by
it are heterolugous wun ',peel. 10 th, cell As
used herein a "pi otimitetv !entrain a I )N A
sequence Mat enables a gene to be
transcribed Ilk 1.11,111U1,1 ix LCUSISSiS011
isvKNA polymernse. whiclmhen initiates
transcription, 30Thus, a pies:note; cOlthtillS a
DNA sequence that is either hound direetty
by, or k involved in Mc recruitment. of RNA
relynsfiase A monicker sequence can atm
include "enhancer legions.-  



which arc suit or nom legions or DNA Mat can
bebound with prsotetns toarnely. the
trans-aoiittg Motors, much like a sort e
Ibranscri piton foam s) to enhance
transcription levels of genes (hence the name)
in n gne-cluster. The enhancer, while typically
at the bend tfia rating region, can a         too
Inc .separate from a promoter sequence and
can be, e.g., within an intronic region of n
gone or 53' to the nod mg region of the gene.
As used Lewin, "operably linked' means
incorporated into a genetic construct to Mat
expression ambit' sequences effectively
control expression of a coding sequence ol
interest.       Variants el any of it nucleic acid
sequences described herein (e.g., the RAC
IeeLleeilCee ELS depleted in SEQ ID NO:1 or
SEQ50R5 caps lawns myna.: that is
homologous. e.g., a Ito sequence bearing at
least about 7054, (kg, at least about 75%, at
least about 60%, at east about 85%. at least
about 90%, at least about 95%, or at least
about (9%) homologous (identical) to tile
wild-type nucleic acid sequence. Such
wild-type 500151 opera can be isolated from
nature or can he produced by recombinant or
synthetic methods. I ithe w ildurype sequence
nucleic acid can ern, crentourallo 000:11111g
Immo. nucleic acid sequences, monkey 15
nucleic acid sequences must. itucleic add
sequences. or any other species that contains
a homologue of the wild-type noo ule. acid af
interest As 1.1Sed herein, a "homologous" or
Memolegous nudeic twirl sent Lteneo't,r spoilt
t.ss mum, refers to sequences characterized
by homology at the nucleotide lowl oil at lens',
a specified percentage and is used
interchangeably 20Percent homology or
identity can be determined by. fareyample, the
Gap program (Wisconsin Sequenee Analysis
Package, Vfision S icr t I tilt Ni. Genetics
Computer Group, University Research Park,
Madison, WI), using default settings, which
uses the algorithm of Smith and Waterman fit
98 I Ads. Appl. Ifiach. 2:462-4690 In some
embodiments, homology between a probe and
target (see below) is between about 505/s to
about 60%. M some 25 embodiments.
homology between a probe and target nue le
booid is between about 55% to 65%, between
about 65% to 75%, between about 7165 to
RCA% between about 75% and 80%,
htlerYttell about 80% and 90%A between
Mom 85% and 0555, or between about Oa%
and 100%. The term "paw," as used herein,
refers to nucleic acid sequences of variable
length. In 50111e embodinituts, probes
comprise at least 10 and as many is 6,000
nucleotides. In 503110 30embed Hume
probes cDriiprisc at to'rsn 12, at lease 14, at
[cost 16, at least lb. at least 20, outcast 25. at
east 50 or at least 75,100 ttiltigeolle
IILIClontidel;. Longer length probes are
usually  obtained from natural or recombinant
sources Os opposed le dutch chemical
synthesis highly specific to the target ne
quence, and are much slower fir hybridise
totheDiget than longer oligomers. Probes can
be single or PAID) mantled nucleic acid
molecules. In some einhodimcno, a bat Ent
nucleic acid described herein can have a
sequence 5comprising tile or both attands with
forint complementary (to., at least 50N. at
least 6031,, aL 



least 70% at least 80%, at Icatt 90%, at least
950X, El least 96%, at least 97%, at least
98%. at leas: 993( complementary) to a
RE:mho/Pion. domaito or segment of the wild
type nucleic acid of interest g the I IAC1
MOE,' acid sequences as depicted in SEP II)
NO:I I SEP ID NO:?). In sount cmhochmeras,
a variant nucleic acid sequence of interest out
have o sequence 10comprising ono or both
Tands with full complementary, IRO%
complempthay) to a legion.         domain, ei
segment or the wild type nucleic acid
sego:net, EkillICEICC Pfimplemernanty" ieffic
to the chemical affinity between soccilic
nit,T,CIIMIS bases a.saesnlt oh their Ix diogen
bonding properties i.e..(the properly of two
IlUeleiLE acid chains haying base
SEEMEIREC,EECIT that an fin ion PIP duplex
can form where the oknines and at, rolls tor
thymine. 15in the C,SC of DNA or modified
RNA) are apposed to catch PINT sod the
guanines and zytosines arc apposed 10 each
other). Fully complementary set auences.
thus.would he two sequences that have
complete one to one correspondence
(iadarrons: ira nracilahymidine Elld guanine to
cytosine) of the hoe sequences when the
nockOride SEAELICIICCS f01111 an
antiparallel duplex. Hhhridintion can also be
used as a measuic 0111101thllogy between
iwo nucleic acid 20SIVICIICCEE A nucleic
acid sequence described herein: fa, ilsoincifi
or variant thereof can be loot us at
hybridinuion probe according to standard IAD
idifm iota leChilitilICS. 1 he hybridization of si
cefirrin probe of inDrest (e.g., a probe oPal
IACI ERICIEIAL.11: sequence, e g, the HACI
nucleotide sequences as deptcted in SNP ID
NOS11 as 23 to DNA to Rh A lion's test wrote
(e.g.. a cokaryotic cell) is an indication of the
presence of DNA fa RNA to g , HAC I 25
mickartW sequence) cm esponding to the
probe in the teat source. Hybl idiZMiL.111
cant hi ions are known to those skilled in the
an and can be found ha Curront flot000ls itt
Molecular Eiotogy, John Wile; A Sons, N.V..
6.3.1-6.3.0. 1991. hbodenne hybridization
wont:ions am defined as poinalcnt to
hybridization in 2X sodium chloi ;de/sodium
Ciliate (SSC) at 30T, followed by a wrath in 1
X SSC. RP( SOS at 511c. Highly stringent
conditions arc defined as equivalent to
30Et:AH(1,R on in (IX sodium chloride/sodium
citrate (SSC) at 4502, followed hy a Noth in
0-2 X SSC, 0.1X( SI)8 oh roft.        Unless
otherwise defined, all techneel aod sea tillfie
terms used hemin have the same
ninnnin'naaossssiislsilnsssaic.enlnnd by site
of ordinary skill in the art to whAla this
invention bakes en- Although IlletilOdS and
11171AA'nk similar or equivalent ha tbose.
described herein Can be 5used in the practice
or Meting of dm present invereion, she
gemnpliey methods and materials are
described below. Ali publicetions, games
implications, patents. Men man Is 10
Accession Nos, and other relgremes
mentioned herein am Snes operated by
refereme in their entisely. In case of emblict,
the present application, including define:ism,
will conmal. The materials. methods, and
examples are flustintive only and not mended
no be limiting. 



10Other features and advantages of the
invention. e.g., methods of producing altered
le- glycosylatinn molecules. will he apparent
from she following detailed description, mid
Man the Brief Desctiption of the Drawinas
15Fig. 1 is a schematic diagram depicting
Neglyean pll,C111501 ss)...nt bedsthe peas]
endoplasmic retinal am. Genes whose
encoded protein has an aetivity merlinting she
Smiicssied enzymatic conxersions are in
shaded boxes (c g, A LG7; upper left) "LIDA"
and "1 M1P" refer to uridine cliphosphate and
uridine monophosphate, respectively. "GDP"
and "MAW" refer to guanosine diphosphate
and guisnosine monesphomhate respectively.
Min" refers to N- 20auetylglucosamisle. "M"
refers so ITICIPANALTA AMPIMOSC. C
1.A.CISTh glucose, Pi re less In phosphate
Fig. 2 is a schematic diagram depicting
N-glyean mcseessing its she yeast
endoplasmic reticulum.            Fig. Pine
schemes* diagram chaplet ing N-glymn
processing in the .1 n:Te,sioe Golgi
25apparatus. GAICS whose encoded protein
lIas an activity mediating the indicated
enzymatic eonversioissareiinhaded boxes re
g., 00111: middle Sea).         Fig. 4 is a
schematic diagram depieting dm stradurg of
the various N-Myean structures described
herein. Fig. S is a schematicdiagram depicting
the Messing ategegf ler BUN I gonepheitna
30lesrmera3PCIR" refers in polymerase chain
meetson  Fig. ft is it sohoiooiir ellogi am
depicung Ike cloning strategy for MN
augment. "PCICetion, Fig. 7 'tarniss of
cleciloteroutains depicting N-glycan analysis
ofnoprote obtained from wild-type Earrotora
/gra/Mica cells or glystisylation (mama tog.,
Mehl cI9, 5Anann9 I and Argil: ginnoP) cells
end MU Y60 stiyin col Is In some cases. the N
glycans were 



Further treated with cr-1,2 mmulosihso A
n,lysk was mrformed using DNA
seqte.aoenassrsLceL Iluomphni-e-assiged
carbohydrate electrophoresis (USA-FACET
"N153" "MOT ENO," "MN," E?iid "VP)," "refer
to the number of mannose residues etsk
ugated to the limo N-ricetylpluernsamine
stnicto. lire Y-axis represents the relative
Ileorcsticruie units atoll indication of the
amount of toeRdi of the mannose structures.
The X-iaxis ropresOIJISoclalitic mobility of
each complex mannose ructure through a gel
The top clectrofcrogimm is an analysis of
oligomaltose for use as a mobility standard.
Fig. 8k a schematic diagram depicting the
cloning strategy for corevisiac MNSI
expression teeter "PCR" refers l.a Wynne:Asa
chain reaction. ISFig.9 is a series
olciectielistograms depleting ti-gl,tan analysis
of secreted glyeopnAcinsobwined tboin 1160
cells expressing wild type (WI) Igns I p or
yariou forms (i.e., 112730, R2731,, or
12269S(S2 TICPR2731.11 or Men [p as
indicated Analysis was performed using
USA-FACE. "M.5." "MOT "34731"MS," "MOT
"refers to the manger ol mannose residues
Datilegattid to 1130 hose N-asetylgItiC OMIT
lire structure. The 1/-aNiL, represents 20else
relative lluoreseDay units as an infiltration of
the amount of each of the mannose slEgtotcy
The >Eggs represents(dative mohility of each
complex mannose structure. through a gel,
10-ie top clectrolkrograrn is an mililySis
rfrahiosinnollose for use as a mobility
standard, Fig. 10 is a schematic diagigin
dcpikling the cloning at rateg5 fur an NINNY
expression vector. Fig.isa songs
ofeleciaithrograms dep;.thng" N-giman
analysis of secreted glyeepoigins obtained
from wilc1Ty1ne RITINO0 edit or glycosylation
;mutant cells as indicated. Analysis was
performed using USA-FACE. 5M5," "M6."
"Ml," "M8," "m9," sulk, to the number of
manliest, residues conjugated to the
chitohiose co structure. "I' retells to
trianimproteins Lvntainilrn One phosphate
residue and "PP" refers to mannoproteins
containing 30two phosphate residues, The
Y-axis reproa.ts the II:Wive fluorescence units
as an indication ol the amount of each of the
marines, y0E:toys rhe X-mis represents the
relative mobility of  each complex manness
structure through a gel. Ihe top eloctiothrom
am is an analysis of oligomaltose for use as a
mobility star-dad.            12 is a schematic
diagram depicting the cloning strategy for an
a-gal actosidase enpression yirath. 



5Fig. 13 is a series or clecirotthograins
depicting el-elk-can anaiwis of mannoproteins
and phesphornathoorocins obtained from
wild-type M41.1910 cells or various clones of
glycosyktion               instant cells as
indicated. -.alga" indicates that the cell is ae
mr(a3 knee Lout "Al MO overespressions
indicates Mat the amide product of AL06 is
owl-expressed in the cell. Ana lash was
perfirmed using RSA-FACE. "5r15,2 "X16,"
"Mr." "MST and "X19,"" refer to the number tel
thannose residues conjugated to the base
Natuedylalueusamine sit Lamm. The 1-baxis
represents the thlaive fluorescence units as an
indication ord. amount of each ptithe mannose
structuies.            line X-axis represents the
relative mobility of Caeh cumMee ithonose
stoic-Tom through a prilyacrylamide gel. The
top elemmlbrogram is an analysis of
oligornoitose for use as a mobility standard. i
5Fig. 14 miseries  of electroferograms
depicting Nsglytam anaikisis
othmanmadanteins and
phosphomannomoteins obtained froth
wild-type MTLY60 cells or carious Month of
gimosylaion mutant cells as indicated "alga"
inditthes that the eel! iS all At-Oil knockout.
"AIA16 orerexpression" indicates that the
poiwin produel of ALCM is ovdexpressed in
the cell. One peal: runs at the Same position
as Mandilebthm cif the It based; !nether and
shifts with oxio Si)alter ,-12-meenosidase
ticatment and with 4 glucose units atter alpha-
mannosidase (SB) digest. This las with a
MandiablAth strueture as expected.
ltsentlailioinat two peaks 11111 at a distance
tel about one and two duet -seal's and am not
aliens-ea lay a-1.2- mannosidase digestion.
Both peaks skill ma glucose-end peel udnue
eosidase (.1111 di gestion. Minor shifts are
due to the higher salt CODeellnallIS oi cite
&Mod enzymes. e.g. 111 mannosidase. 25
Analysis was performed using IMM-11ACE.
"N-15," "Mia" "N17." "MST and "X19," icfei
letthe number if maimose residues conjugated
to Me chitobiose eon:. drucluth. tlta Vmsis
mthesents the relasive fluorescence unibi
tenor indication ulthe amount of each of the
mannose structures. The X-axis represents
she relative mobility of rack complex inannose
sbnartiera through a gel. The top
eiectroferogram is an analysis oft ligumahose
the use as a mobility standard 30Fig. 15 is a
sequence alignment. of an isulaimi DNA
Iiiithipcm (Skid ID NO:) sequence obtained
from the unfolded pumeln response
ILPR)riuduced efiu eu eldennuid lipooluilet,
with a  genomie NACU DNA sequence DIN II)
Nitboxed sequence comesponds to die
theiconventionaily spliced pith)      Fig. 16 is a
stern of sequence alignments or the predicted
5' (op) and 3 (bottom) splice. sites olthth '''''
rewstoth and Secchathathrm cerevisiae.
Nucleotides in hold underlined are pitisent in
the loop thing,      Fig. 17A and 17H ninth
partial stews of a sequence alignment or the
IINCI eDNA obtained gain DIT-induccd (1)
(Sin ID NO:Nand non-induced (SED ID NO.6)
I'hd,iit pc5wriy culuurs. Fig. 18 is a nunoo
alignment of the 18 amino acid C terminal
regions of P tOpa5i,isar5! .55,54,,myre, c5,55;
frice. Conserved amino acids are in bold and
untledined 



Fig. 19i, char graph depicting the comparison
or tile ',Entice accession levels of KAHN
mRNA. Clones M 4, and 5 if chin ,piasaoei.s
GSM5 Drib) wore gloom on methanol as
carbon source. "35." "4and "di" roger to the
',speak, clones grown on methanol as carbon
source, whereas "3-,""4-," and "5-" refer to the
csicaide clones grown on glucose as carbon
source. ISThe 11 axis represents the relative
expression Si the HARZ gene using real-time
PC.R.      Fig, 20 is a bar graph depicting1th
idative expression level of Karl and IIAC1
inIXNA in two Prclim pastoris clones (clone 0
aid 83 Not" and "8-' refer to Do respective
clones glow, on methanol as carbon sourth,
necies "(-"and "gm refer tri the respective
clones grown on glucose as carbon
snare,Y-this reprosenD the relative expression
of the CA RI gen, using 20realidme NCR. Fig.
21 is a thhentatie thugs am depicting the
cloning snaegy corn l'ININN6 expression men.
Fig. 22 is a series of cleettothroutams
depleting Othglycan analysis of glycoproteins
obtained from Noch I /I hino5Wica cells, alone,
or carious; clones 17.3, Z.4. Z5. LIN21Id 118)
of 25 Serb 0 fipoljrica expressing YINANNe as
indicated Ana:suit, was performed WO it
DNA-FACE. The th-this wpwthnts tho naive
fluorescence units as an indication of the
amount or each of the vitamin SICOCiLllaS, I
he Xthit is represents the relative mobility of
each complex ninth structure through a gut. ho
top clearoferogyam is an analysis of
oligomaltose fur the as a mobilitx standard.
30Fig. 23 is a schematic diagram depicting Me
cloning strntegy loran IsliblanlIDED,
expression sawn  Fig. 24 is s series or
alectroNrograms &Noting N-Isayenn
aneoproleins obtained from Aral I' 1,j, olyt ic a
eel 1s. alone, or various clones 19. II. IC. 3. 5,
and 6) of Acch Y I ipolyn co expressing
TIFAGIIHDEL as in heated Analysts was
perfot med 'ming OSAFACE. the X-axis
repiestitor ON isslaniv a filloreccence units as
an indication of the amount of 5cacti
of11,212102a 2121ratlaaa I ha >Tax,
mitisesents the relative mobility reach complex
manitaxe 20 2222120 ilatalgi: 2 gel I he top
Neer ottrogram is an analysis ot ollgomaltose
for use RS a mTandaid         Fig. 25 ic
,22.5.5i22 diagram depicting the cloning
smitegy fliir an Eild2pIvNlanlIDEL arrotession
veetra lbFig. 20 isa scr es of elecrraloograms
depicting N-glycan analysis of glycoproteins 



obtained from Anti E hvolafir a cells. Tone. or
various Chilli', (I, 5, IN and I Fief stall IS lipri
exotica:Mg LIP2FlandIDEL as indicated.
Analysis was performed using USA-FACE
vAIX,""hillzfilyild." -ANY and "519," refer to the
number of mannuse residues conjugated io
the chitolvose COI e structure, me Y-axis
represents the relative fluorescence units Tom
indintlion IXof the amount of each of Me
mannoseTractures The X-axis represents the
rein lire mobility or each complex mannose
structure through a gel- The top
electrolerogrtm is an analysid oligontaltose for
use as a mobility standard         Figs. 21,1 and
27B arc amino neid Fawn. s of H ACI 120reill2
of Iron., lipnyle a (Fie 27A: SEQ ID NO:3) and
P duo pa ctorry (Fig 270; FEN ID NOT) 20Fig.
2855 photograph of a Coomassie blue
slatimad pttlyaerviattosla gel depicting the
result, ui Lip2pont,pres,on in 52,10112
12,t2?22,0 hpayti, cell IFITI YM10.
ITTLY6AArdg3 and VII YO0Aarg341 C61
outlives, l'he folloa 'tag samples were resolved
in the gel: Lime i ("ladder"), a combination
alipmteins ol known inoleAdar weight; Lane 2
FAY fly Lip2p protein obtained Tom WT Yar
mu la hpolylica cc] is i 14fF Y60) Nynex
Nessing I list, I ane 3 25GWT I PiGaseLip2p
protein obtained lioal wriOVI-01,1(111pUlHiall
cells overcvpiessi hg Lip2p and treated with
PNGase F tilt2112a, Lane 4 Talat3-A6G6N,
Ist1t2p pen Stilt o bra mad front Yartowia cells
deflaient in algX and twirlexpressing both I
iipdp and ALGO (MTLYPOATig3A406 ): Lane
51643-ALG6IPITGase Iff), Lip2p
(fieli101)Uli3101! bUla Yilla02212 calk
deficient in alg3 and nxelexpiessing both I
ip2p and AL06 I N111,Y60AargiALGO f and
treated with PNGssise 30r enzyme: Lane 6
(-alg3"). Li1t2p 'Mil L! ill obtained float
Yornsivis ipo In`a cells deficient in apall and
owl evpiessing I ip)p I NC( LY60Aaig3): Lane]
1643 s Pdariase lest, Lip2p protein 20
obtained from l'arrowidcells dein:nem in ales
Allti (WCIC: pre.s (1311 I V annalgill treated
with ['Veins& Feast-me; Lane 8 (MKT without
Lip2p oseretpresseel, proteins obiaied from
FITLY611and me 9 ("WY venial eip
overexpression - Phniaseprotein obtained font
50I1 Y60 ells and treated with PNGase F
enzyme. Fig. 29 is series of clentroferograms
depicting Nrglycan analysis of glycoproteins
obtained Font various ForeinceilP0iy0Cit mils
(502 (5025. Y60); Set); ho [so)
overexpeessing; and clones of Aalge
overespressing ALG6 Moan with the ulphe
sushunir of gleosidase II from 1 bred:ice (VI)
or To panosoma brood (lb)) as indicated
Amlysio was ',finned using DSA FACE. '315,"
"SIMI "1.47,"1502" and "5o19"" cciTt io ihe
num her of 10cannonsa residues conjugated
to the chitobione core &rectum. The amaxis it.
resents the itelative 



fluorescence units anon indication Or the
amount esti attic ((Demise structims. The
X-axis mpreseers the reintive mobility of each
complex mormoso strocalle throng') n el. I he
top electraferograin is an analysis of
oligernahosc Cor use as a mobility SLandArd.
l'he hntram electroferogram k an anZIYSiS of
RNAsc B           Fig. 30 Is a series of
clectrolurograms depicting NI-gleeanonalysis
of glycopreens obtained nom VIIIPLIC
raPPOWL/10,11.1iat cells (hale): Aalg3 AL06
ovcrexpessing; and CRPCLOS of aisle)
oscrexpressing AI 00 ;Tony with the alpha
subunit of gl ocosidme It from 1" mute rico (YI)
containing ari S 1011 .sNucne,,,, indicated.
Analysis was oerforowd using OVA-FACE.
The Y-axis represents Mc relative
thioresence:3111IN as art irtrlieatioo olithe
amount of each of 20the numnose SOW.LINS
The Xsaxis mgesenrs the relative mobility of
each complex mannose StIlKiure. through a
get               31 is a WrIeS 01
ClErirOlet,g2MILS ST:ding Noglyean analysis
or ely-coproceins Minted from VariOLIS
larrowia lipooYieo cells (Aalgii; Aulg3 A LG6
OWICapressing; and clones of AV g3
overexpressing ALG0 along with she Aplet
subunit of env:skins& II Form Thrpan05.012la
25brucei ( Lb) consul ing on II pH SCiplence)
as indicated. Analysis was performed using
MA- FACE. Tie a -axis repesents the relative
fluorescence units as an indication of Ms
arson ii of        Oi tie immense sanctums. Tile
VaXk represents Me seethe mobility of each
wimples Joanne& Menne through get Fig. 32
is n SC:rieS of elect' Meow-rums depicting
f.glycan analysis of glycommtens
30ob2.airiale?!g3.ALG6 an-0.4a :Om:Wt. cells
treated mm vitro with different concentrations
olinuminne edit:Fel. Aneysis was performed
using DSA-FACE. The lmaxis represents dm
flt,otrctcceootsitststt ii I1Cati011 of the amount
of each of the mannose stint Lobes. I he
X-axis represents tire relnI;veittoiniliy
ofeachOSe tI,rooniotl oo 0et.HA: top
c.Iactrothcogaarttis an amalysis of oh
gormaltose for use as a mubilily standard 1 lie
bottom etteiruferogram is ma analysis of
RNAse B.         Fig 33 is ii soden or
relectirifensgi aims depicting N glycian
analysis Fiat yenniutoins obtained from
various larro,,amils Bgalg3i Aalg3 Al in
overexpthssing; and clones of Aalia3
overexpressing A1416 along with the alpha
stiounit of glorsosidase It Insei IS bpvithica th"
IA and the beta subunit urglucosiLlase It
DunaI expressed iii dec the control of lipid or
rEF promoters) as indicated The 3Laxis
lepreuthis Olin chigoe flute essence units as
an toindication of the amount oil each ol the
mimosas sal-mimes line N-oats represents the
solatise mobility of each complex mainmasts.
sr' MOLL. thiongh a gel I lie ton elect
aferograin is an analysi sof oligoanallosc fur
use us a itiohilay standai it I he bottom
electroferogram toot' analysis oi RDAs.. B Fig
34 is it armies ol electiaferogi on, depiaino
Nsglycan anaMsis or gly.,plutcots 



15 obtainort gran various 3 ElITOWia
lipol)theit cogs (Aalg3 ALCM atflespregaIng;
and clones of fat ga ovemxpressing AI C6
along avith the !DUI -containing at ram subunit
of glucosidase II from fipribi arca (Vi) and the
beta subunit of grimed:lam II Rom 3 I
expressed tondec the outland or 11,4,1 oi I I-f
promoters, as Midis:used Aimlysis was pm
formed EISillglaSA-FACE. I he 3-axis
represents The I elati.ve IILICIreSCenCe
U11111Liilb an indithtion of the amourg of
each ail 20the mannose strocinioshe X-rivis
epresents the relative mobiingof each complex
minimise structuie thieugh a gm rim top croon
lemmata is an analysis olteigninaltasol1.1 the
us a siantiard The bottom clemroferogram is
an 411:11),iN of RNAse Fig. 35 is a smith of
Bevilof-momanis depicting N-glyeari analysis
cal glyeopinteinc obtained fryina various
lamathria Iota /arks cells (Aalg3 and clones of
3:110 ovethypressing the 25 alpha SlIbUllit of
glignsidase 11 horn Y. Ispolynco (V.1.1 and
the beta subunit Oj glocugietnce It from 31.1
expresser, nasty rimcoigns of a TBI promoter)
on indtcateub The 11-axis repiescnts the
relative Iliromsocnce units Los-an indiattion
smite amount ol email al 0101.1111105L;
snug-roe, The N-axis ropiesents the dative
niulatlith of each mangles inannoso striatum:.
thithrgia II gel. "Ille top thectioleingi am is an
analysis of nit gomalrose for use as a mobility
standard I he 30b0111,1".)ketIOICrogiam is
an analysts or I1NAse D      Figs. 364 and 36B
is die depiction of a nucleotide sequence of a
eliN encoilnig In malaise form QF A Tergilh,
mger Sacking signal peptide., gluensidace II
a. which is nodal, opumised cDNA for
expression in Yarrow. hpotwiert (SEQ It)
NOIX)              Fig. 37 is the depiction or a
InleltOlide ,0401.11CC oln :ON A coo-idin a
mature form of 5A saunter/hot Eiger (ladkme
signal :Bpi Oct glucosidase II fit which is
codon-optimifled WE A fet emu egionlit
YarrOli,la holea. (5120 [DEO SI Fig. 38 is a
series of electrufm (warns ingining N-gIycan
analysis of glycoproteins obtained Itom
various I on-Enid liptignoa cells (hetet,' and
41.06 ovenopcssing along with the eiphs
subuidi ol glocosidaso I Boni A Tergilhi, niger
(An) expressed under goo muon I of a I I Is
10or hpld promoted ins indiemed the X-axis
Icum:tents the relatine fluorescence units ris
indication (tribe cowing oil each of the
111.110,e structures. The hi. axis repiegents
the Etat:cc mobility or cm, oomph,
IM11.1110S0 srsicntro IhIOLIO a gel. The top
electroferogram is MI analysis al oliggrohose
for ose on niriolsi lids 6f:reheard. no bottom
efectrothrogiam is an analystsof RN Aso FL
ISFigs. 394 and 3915 are spatef bar graphs
depicting the icletive ex], ossion level el axici
of lite HAG I 1294) or EAR (20Db gone in W
(NITLY60) Yinroma lipid-Abe cells or in twe
slimes IC?11L, 7 LIld clone 2) of Varrowia lips)
sheet cells containing a spheric] foist of HAG'
cDNA iii,deo the en pressiOnCentroi of the
hEld promoter 



Fig. 40 is line giaph depicting the urowth olgikt
tetxt Pichla pnvoth GS: 15 cells nansfoimed
with an empty vector as compared It the
growth of Pith:a pastor, OS' 15 cells expi cosi
ng the Not lit protein.         Fig. 41 is a
photograph of a C00171aSSk blue stained
polyagylanittle gel comparing the top...Asian
level shoe mmine 11,10 (mid 10) protein
11-0111 culture of t's tenths (MEMO COSI IS
eell cog; expoissinb 1111l.-10 protein with she
expression of hue inl1.-10 protein obtained
from a 21 ciihilrs 44 (.151 15 cells expressing
rail. 10 and the spliced I IAC I proton fioni
pasions i,t,derihreoslrol0f all inducible
promoter, hONG The following somplos were
resolved in the gel: Lane I (Madden. a
comhinaliso of proteins of known moo Iccelar
weight, Lane 2 rROILTC11C.0"), siolcin
oignined fogs the reference itiflf-10 expressing
Probio memo, straio t Laos:gene 'obtained
from the referenceunpressinst lichia
30pasiothtaso hemsme treatment of the
proteins: La Mr j."C[011Upotein obtained Isom
t nil L-10 ova:ging Pidllu pomorts cells
indocibly expressing HAL I plOkill;  Laos 5
("Clone 121, martin obtainal Mao ml I -10
exmnducibly expassine IIACI protein Man
if0AIMCIII 01111C proteth wit PMenzyme:
Lane 6 ("Clone 23), protein bilabial rm111 a
mIL-10 omiteosin(pashvi.s netts inducibly
expressing   IACI protein I; Lana 7 Calmat 2"),
protein Masi ned from ranIl in expressing
Ptchia pasloriy cells indoothly expressing HA('
I protein atter lreatmcnt(Ise proteins with
PNGaseleentyme Fig. 42 C Ilia &pits
Hamradeotide sequence of an exemplary
cDNA 5eqUeaC, encoding a
Trschoderma<2.?,2 mimnosidaso, redone
mbraced for expicosion at lairowin hPi4lica
(SEQ II) NO:91 casits1111rT tha I 0,2 pre
signal smtuerce.              Fig. 43 is the &action
ol nocleonde sequence islan exemplary
nucleotide sequence Mr TOthe GAP promoter
or Yaramia Itondierr tribra3 ID100:10)
Figs. 44A-44C aro Mc deriCii011 01
nuoleodde sequence of an exemplary nucleic
acid sapsLee Cil,Q II) NO I I ) for the
expression 'sector pY LI 11)Xd1.2preMaitl
!DEL, which contains a cDNA segaence
encoding a Thrheo,rma erased, a-1,7
numnosidase. rod on optimized for expression
in Yammia i(oo!l'tica and containing Mc LI1t2
etc signal sequence. ISlags. 45445C are the
depiction of a nacletuide SCAULMCC ULU'.
CXCIP11,101y nucleic acid sequence
01'Q100:17I for tlfe expression vector
1,YLGUX,11.21aicMan1118-11" Hach
cantai,rs:a rtITh A sequence cacslute a
/annals. MU ITC," a-1,2 mannosidase. coda;
oplitniced for expression in l'arrowinand
COIliaillkSth3 I 11,2 pic signal =commie': 



Figs. 46A-46C are the depiction trl Illlek,oiide
sequence of an exemplary nucleC acid scquer
cc (SIX) ID NC): 13) Mr the expression scrim
pP LK Ada 4icalanH106 which contains
cDNA sequentra et:Hiding a Ha henav122-wei
en-I .2 Insane:Masc. codon optimized the
expression in )rpsonda hpoivard and
ClalidillIng the 111,2 pc signal sequence. Figs.
47A-47C are Me dapieLiniafa,,ucicot do
sequencn of an exemplai a nucleic acid
sequence iSEQ IDNO:111 Dr dra expression
',orator raj , 11 tail 211eManI4Dlol . which
contains 25a aDNA SCLVICIICE oncoding a
/1 ichodermo rant/ a 1_2 mannosidase, codas
optimised Its expression in Yovanza i(pOhtea
and asomitting the I IP) me signal sequence.
Fig. 48 is a series ol olostaboingtams
depicting 8 sglbcan analysis of glycoproteins
obtained nom Yeranria.55866,4 cats
malsonmed with di ffarent expression sectors
as indicated: iMpedL2MandIDEL"
1163411112,11 'dread:AIDE! , Figs. 44A 44(1:
30"GAPL2Mtml !DEL"
(pYLGUadlo7ptobtan1101-11, igs. 45-2-45C):
'YEE II 2ManlIDE121 (pYLTII)(142preiralanl
MEI, Figs 47A-47C) lire. <I% repmoots the
relative fluorescence  units as an indication of
the amount of each of the mannose
structures. The Xpre seers the relative mobility
of each complex mannosc strode ye throuch a
gel. The top eieclrofereogroeo is all analysis
Di dexiran (orose as a mobility standard. Ike
second eleetroferegram in the series is an
analysis of RislAse B. 5Fig. 49 is a series ol
elcoirolthomdepitThlig isl-glavan analy550
oohtained frommirk, lipolyfica Nt EV60 Aochl
cells containing a stably integrated expression
meow 01 flixtil.2prehlanf WI. (Figs. 4 A-4)C).
(ilycopostein samples were obtained from cell
theaters at 14.40, 72, end 96 Miura Die top
electrofemgram is an analysis4 desires for use
as mobility standard. The second
electrolbrograns in the series is an anahysis of
ItRNAse B.         Fig. 50 is an exemplary
nucleic acid sthipsenee for human
glucocerebrosidase (CMCM, Socks Prot enti
par. 004062i Slit) ID NO:155, which was
chemically synthesized as a codonoptimicod
el)NA for expressim Numwte Fig. 51 is a
photograph of an immunoblot depicting the
mobility pattern of human
15glacocercbrosidase expressed in Earrowid
//poly/leo strains &IMMO (WI; lanes and 61
and NITINCOMmith (Auch ; first ihrm lanes).
The inoMpular weight ;Mb) of the proleins is
depicted, by way of molecular weight
madeers, ci the Dr right of the immunobiod 



Fig. 52 is an exemplary sue leis acid
sequence for human ei ythropoictin (tBai,
Swiss Plot DNA; or: P01588; 600 ID No: i 6),
which was ehemically synthesized as a
euslorthiptimized 20eDNA for expression in
larrowia hpotylica.         Fig. 53 is sn
exempla!): nucleic acid sequence forkuman
st-galactosidime A (ADAM Swiss Prot entry or:
P06280; SEQ ID NO: l 7), which was
chemically synthesized as a optimized eDN.1
for expression in larrowia hpoo5lica.
Fig. 54 is a series sthelectron inicrogiaphs
ithwild lope P,chia escsrtsncssceitsor Pickia
25parlori, cells overeypressing the splices]
form of Bar ip protein. Discrete maims
ulistaokx1 lipid membranes in the cells tire
boxed.         Fig. 55 is a series of
electroferograms depiciing N-el yeast analysis
of glyeoproteins obtained from NT
Y01'1011411cells (poi Idland Yan'swia
lipolytim cells expressing a fusion protein of
alpha-92-mannosidase thief a 11011.
sequence as indicated. Analysis wits 30
perliamed using DSA-FACE. "MX" "N16,"
"M7," "MX." and "MX" refor so the number of
Iljugatud to the Lthitobloso epic mita:lure. The
Y-axis ropresunts Coe  fluoiescence unicoos
an indication of the amount leach of the
mannuse s inniesents the 'dative mobility of
each complex mannose stinclure through a
gcf Itsr up electrofelogram is an analysis of
RNAse U. The bottom electrelbrogram is an
an oligoinaltose for use as a mobility standard
Detailed Dgxe4lifrIl         The methods and
genetically engineered colic described Immin
so so Laon LISCCI to produce target
molecules (e.g.. target protein or target
Michel) having an altered 6-glycosylin ion font
10as compared to the N glyeosylation loon of
the siegel molecules produced in
non-genetically engineered culls
Adminiskation car giycosylnted tat get
molecules (e.g.. glycosylated proteins) so
patients having metabolic dismders Le. g ,
lysosemal storage disorders) has been shown
to sass :Motu Om symptoms of Me disorders.
Thus, the methods and cells described are
u:wfo ICo: fro preparation al alit.N-gfrensyinied
larget molecules for. inter ails, the treati,1110i
15I outshone disoiders Stijl as lysosomal
storage disorders. Such altered
N-glycosylation int-Creoles me also useful in n
wide-variety of other fields. e.g .the Mod and
beverage indusir Me pharmaceutical
sntliisv.nyit.p. as vaccines): the sgrietilture
industry: and the Mourne:11 dodo, y. name
few 20AlteredMolecule 



Taiet melsetilm, ns ascot Imayin. refer to any
molecules that t ridergu altered N-
glycusylation by tam tsr more N-glyoosylfrion
activities from a genetically engineered ccli
hugs a fungal cell such as roonumia Lotus
lyric'sArxula adurdnivorarts for other Celatal
species dimorphic v.:mined:: ) plant cell, or an
animal cell). la some embodiments. the
Largos 25molecules fro capable of being
traftick.: vlarousgia one or more steps of dm
larrowid lipolyik a el ArVidejadminivoram (Or
01110g lespecies dimorphic yeast) secretory
patfrsay. resulting in their altered
N-glycosylation by she dog cell machinery.
The target molecules can be ortdueesist us or
exogdnous Target proteins, ifeir hiologieally
OCT lye fragments, or biologically active
variants 30thereof., can include proteins
comaining additions, deletions, or
substitutions as describmi abuse. Suitable
target proteins include pathogen proteins le g ,
temous [ono* diptheria Mudd; viral  ossrthee
protelm lee.. cytomegaloairus (Chia)
glvcoproteins CII and11 immunodeficiency
virus 1 (lIV-1) envelope glecoproteinallims
Gen1R-bal.:Mope glyceproteins, herpes
simplex virus IIISVF envelope glycommeitim
EimatinvirusCFI envelope pErcommtei no;
varied ta-zoster virus Win envelope
glum:pp:Mins; Inman papillorna .9 nests (HI'V)
envelope glycoproteins: Influenza vir
elyeoprowins, and Nepal Ms family =mince
antigens). lysommal protein: (e.g..
glucocerehrosidase, cetelnesidaser at
salactonerehrosidase), insulin. ghicagon.
growth factors. cmokines, chemokhas.
antibodies 0' eagitanis thereof, or fusion: olany
of the proteins to antibodies or liaginerits et
antibodies ta g , erraeralcb Growth factors
include, era vascular endothelial momsh factor
(7/1 GU), Insulin-like growth factor lit 11612,.
bone inoThogenic protein (Bata
Gimmlorytmerdeny stimulating face:- CHM,
Gratolocyte-macrophage colony stimulating
rawer (CM-Call. Nerve gloved, factor (EGO; a
Nenroiroplin. Platelet-derived growth Motor
(MG!). Emthairmictin (1,10). luombopmetin I
MO), M4ostarin (CDF S),G:mm-1.h
DifferentiationlMtor-1) (GUI 91, Kam fibroblast
growth faaor ihECill or FM). Epidermai growth
lame llta bleputocre growth factor 01(1112,
15Catokines include, LI g , intedmikios (4' g H
-1 to II -5: (e.g., II,- 4 IL 2. IL-3,IL-3, IL-6,
1L-7.1149, IL-10, IL-171, 11 -1 4. or II - top.
Chemoldnes include, e.g.. 1-300, TCA-3, 



MCP-I, MI Pau. MIP-11.4 RAN II M, CIO.
M111:P-2, MARC, MCI' 3. MCP-2. NIRP-2,
CC ME       tr, lataxin, MCP-5. MCP-1. NCC-1,
CkplLeuaotactin-1, LLC. NCC-4, TA RC.
PARC, or Reiman-2 Also included oresumor
glycoprotei as te g lamon-ameciated aim
comb 20for example. carcinocinbryonie nuf
igen (etEA), human mucins. I IER 2/rati, and
prostate-specific antigen (PSA) IR A
Henderson and 0 .1 Finn. Advances in
Immunology. 62, pa 217-56 099611. In some
GM:aliments, the longer protein can he one
associated with a lyvesemal sko one disorder,
which mewl pioluins Mehl& e 6
ailphadaduronidase, beta D-galactosidasc,
beta- gl mosidrise, taiti-lastosain inidnse,
befa-111-mannosidase, alpha Lbitcosidme,
arylsullaase 14, 25arylaillatme A
alpha-NmeetylguIscromminidtme,
aspartylalucesaminidase, iduamat,2-
0aminide-N-acaylirannfeame,beta-01.glucoron
idase, hyaluronidasm
alehnL-111:1:1/10SidibU,
alpha-macaw:M(1550, plosphotransferase.
acid lipase, acid ecramidese,
sphiileaMyelinam,Icolheesin K. and lipoprotein
lipase. Forgerran also he fusion member
Fusions proteins include. e.g.. a fusion WHO
30:Illy protein duswitml hereto Ut flagmen:
thereof with (il) an antibody or fragment
thercel. As used herein, awtinisme:Gielltr: to
an anti gen Mindi as fragment, e g , Fab,
Inane Fr, and single elmin F s)seFai
nagipsenis As -sd-v Fat Irritant n.snann ie
tsolypepttda chain Dal includes both We
heavy and light chain variable c 7 sof De
antibody howl which the sulk' is derived In
addition, diabodup [Polak (1994) Structure
202).1 121-1 1 de, Dodson at al (1999).1
11111(1U1101 MOOlOtIS           77-189, Cie
disc Us tires of loth of which am incorporated
herein by reference in their cniiictuj and
iiitmoodies 1,11,101, el al (20111) Hum.
Antibodies 1013.4u127WhCeler eL (2003)
Hod I Da 8(3):255-1166, Storks (1004) Dula
Discos. Today 9(22): 960-966, the disclosure,
cd all oliwhich arc incorporated herein by
reference in dreir entituty f can he used ins
Ole Methods or the invention. litIargot'smet,
cairnlso he joined to one or more of a polymer,
a on rim, an adjuvant. au immunotoxio or a
detectablefluorescent, lumincscent or
radioactive) Weill; For example, a larger
protein can ha joined to poi yeti-Menne-1 meet
which polyinci moids can he Insert, ca.. to
increase the molecular weight of small
proteins andror Release (il L:111(6011
esidence gine 15In some embodiments, the
target molecule can be, or commit tinatiejpmni
' 



(,eseiicaily llogingeiRd ceils            Dunes
teen] herein mc genetically engin..erad celD
baring as least one modified Nulsco,y1atioa
activity. s,lninlp OOHS are useful for the
production or one (Sr more target molecup
20having an Ruled N-glycosslation form if ells
suitable for genetic engineering include, c g ,
Fungal cells (e .g.. eo?1(011(.400 or any other
related dimorphic yeast cells described Duet)).
plaid cells, iu anima: cells (ca.. (nematode.
insect. Dant, bird, reptile, ornnenennerrnal a
mouse. frit, rabbit, hamster, gerbil, dog, cat.
goat. pig, cow. horse, whale, nionkey, or
human)) 'Fleece-tin (Olt tee
primmerimmoniiiired cells, or transformed cells
'Ilse cells can hc OIOSO ire 25an ntniuttnot, e
gimiciminan mammal Sun cells, prior to the
genetic erginseerttsa its spemilled Damn, can
be obtained lurin a rim iety of commercial
sources and research resoui sie facilities, suet
as. far example, ibe Americans Type Culture
(collection (Rockville. Ni D1 -Target molecules
include proteins such as Du of the larger
proteins described herein (see ',dross') Target
rooltmulos also include:lilt:Rol Druid it
criginceiing of an cell Intl rides genetic
modifications such an: fir deletion ol'an
endoguours gene encoding it protein having
N-glycosylation activity: (ii) introduction of a
recombinant ITheleic Nid cue clingsmutant
form of a protein e.g., endogenous or
exogenous Fithian) hnving N-glyeesglation
activity the., expressing a mutat); protein
havingN- glycosylation activity), (Pi)
inthoduction or expression of .12NA mo1ecule
Nat Needier), with the hinci iona I ex pinssion
of a protein having the N-glyziosylation
activity; (iv) introduction olio recombining71,,,d
encoding wild-Iype me. f., endogenous or
exogenous) protein having N-Nyeosylation
activity ii. e.,eo pressing a protein having an
N-glycosylation aaNity]; or In) altering Me
pommel ni enhancer elements of onesr more
endogenoi.2s genes emoding proteins having
ithelycosniation activity to thus alter the
expression of their eneridthl proteins. RNA
molecules include. e.g., smathinterfering RNA
(siRNA). thorn hairpin RNA 1.1112N A),
anti-sense 10RNA, or micro RNA (miliNA). It is
understood dim liens (ii) includes, e.g.,
replacement of an endogenous gene (pg., by
homologous recombination) with a gene
encoding a Note. having Neuter
N-glycosylationrelative to the endogenous
gene so repiaeol Gonefic engineering also
includes altering an endogenous gene
encoding protein having oilN- glycosylation
activity to producea poocin having additions
rag , n heterologous sequence), 



ISdeletions, or substitithomg , priamions soon
as point mutations, conservative or non-
conservative mutations). Mutations sou be
Mthoduthth specifically (e.g., sic-directed
mutagenesis Or homologous it,037thillaiall;
&X'. accompanying Oxampies) or
wrheintrodteed randomly (for example, cells
can be eliumically ninthgenized as desmibed
in, e.g., Newman Ferro-Nevick (1987)1 Cell
Biol. 105(1):1517, the disclosure of which is
incorporated herein by 20reference in
line.ttlinCty.         The genetic modifications
deserilied 111,61 cnn result in one or more
&nth]) an increase in one or mon:
N-glycosylation aetiviiies ii, the genelioally
modified cell. lulls decrease in one or more N
glyeosylation activities in the gmithica Ely
imithilied cell. n chuige in the localization or
inthacellulm distribution olio. or mom
blzglyensyth inn activities in the thmeticahy
modified 25cols or (iv) a change i1 the who of
one or more N-glycosylation activithes in the
genetically modified cell. It is understood that
an increase in the amount ohms
N-glyeosylation activity can he due to
overexpression of one or more proteins losing
N-Nycosylalion activity, on increase in copy
number of NI endogenous ge1.1:e g., gene
doplicatioal, or nit a trerolinut in the promOter
or enhancer :Wan endogenous gene that
otu,tnnlote,ou,t increase in expression tithe
ponmin encoded ROby the gene. A &cress); in
Nip Ot mom 91-'lyeosylation activities con he
due to overexpression form) of one or more
proreins having Nr  glxsosylation altering
ucovities. livic.tion or expression of one or
more interferitig RNA molecules that reduce
the expressi of o noteins having an N.
glycosylation acti to deletion of one or more
eadogenous genes than encode a protein
having Nsglycosylation activity. 5Methods of
deleting or disrupting one or more
endogenous genes areklesoribed iu the
accompaitying. Examples. For example, to
disrupt a gene by homologous okombination,
a "cvno replacement" vector can be
constructed in such a way to include a
selectable triadionpcno k he selectable marker
gene can he operably !inked, at both 5' and 3'
end, to taakions of the gene of sufficient
icingth to mediate homologous recombination.
The %Doiable marker ran he one of 10any
IILIFIEher of genes which either compleillera
host cell auxonsphy or provi,D antibiotic
resistance, including URA3, LE132 and HIS?,
genes Orbs, suitable selectable markers
include the CAT gene, which inters
chloramphelliC01 resistant% to yeast cells. or
the lac/. gene. which results ill blue colonies
clue to the expresbon of 13-galachosidase.
Linearized DNA CmgElICIII, of the ell.
replacemont sod, ate then introduced into the
cells using methods well knows in the 13art
(see %low). Inrechai it, Of the linear fragments
into the genome and the disrupdon of the
gone can be deka Mined hosed On the
Sekthen marker and can be verified by, for
t'Otaln Southein blot analysis.         As &ta)ed
in die accompanying examples, subsequent to
its use in selection, a selectable Hooker :an be
removed from the gecome of the host cell by,
e.g., Pro-- loxr systems (see below). 70Abet
natively, a gene replacement vector can be
constructed in such a WaY assitsinekde a 



poll inn of the gene to he disrupted, which
portion is devoid of any endogenous gene
pwroolor sequence and encodes none or ins
inactive fragment el the coding sequence of
the gaups An "inactive fragment' is a
lisaament of the gene diet encodes a protein
having, e.g., less Dan about 10% (cg, loss
then about 9%, less than about X%. less than
about 7%. less than about 6% less 25than
Ana 5%, less shim about 4%. less than about
3%, less than about 2VA, less than about 1%,
01 0%) c,fi lie activity of the pi otein poiduced
Com the full-length coding sequence or gene.
Such a porrion of the gene is inserted in a
vector in such a way that no known promoter
satiteneu is opotbbly MILD to the gene
sequence, hill that a 'Lori codon and a
transcription termination scoucuise at-c-
operably linkod to the portion of the gene
sequence. This vector can he 30subsoquently
littearil in the poitioo 1.1f the gene sequence
and transfetimed into a cell. By way  or
shish,unapt Iof't'i.s12COMiliffini011. this
linearized vectorn ,ntegrtted in Ette ci
tdi,it,touts counterfoil34 De gene Expression
vectors cm, be all0:101110LIS Or integrative
A meombraant 1111Cleic acid lags one
encoding a wild-Duo or mutant loom via
piabun 3having N-glygosylation activity) con
Inc in introduced into the cell in the form Mimi
tsruesaion woad such, plasm-14. pimp,
transpcson. cosmid or virns particle. The
roornbinaat 1,11CICie acid eau he maintained
esti sehromosomally or it can be integmod
Tim the yorisr cell ehromovomar ONA
Expression vectors: con coutaivatteotittric.rkcr
gas encoding pi mein, alIFFICO firs cell
viability under selected conditions g URA3,
which gnomic,. enzyme 10 1112.25`.17 for
umeil biosynthesis or RP I. which encodes un
ensyme rstuired iariryptt1thtta brosyror mos)
to permit detherion andAir selection of Mose
cells transIbrmod With the desired nucleic av
Kris ott, e g . IS. Pat No. 4,704,3427
Expre3sion sodms cutelm iachide on
V1010110111111.1 eilliCation sequence
(ARS), For example, 11.5. Pat No 4,027,148
describes autonomous replication sequences
which provide a Doable means foi maintaining
plasmids in ItSerbia pacpnic The disclosure
oil: S Pat No 4,817.14N is incomomted herein
by reference in Integrarlye vesors are
disclosed, e gid S. Pm No 4,582,2211 Ohre
disclosure of which isormated herein DV
reference irk its oratory). Isom stive vectors
generally include a soritilyarran sequencer or
at leasmural inscrtude DNA fragment. a
selectable mrsker sew. and a reeond insstable
DNA fragment The Oast and second Duo
Miele DNA fragments are each about 200 le g,
about 250. about 500. about 350, shoot 400.
about 4S0, shout 500, or about 1000 or more)
nucleotides in length and have nuelootide
sequenss Whia nre homologous to portions or
the eeiloauic DNA of the species ro be Sassari
orol A nucleotide sequence comaining a gene
of interest lee.. e gene Led ii kg groom has
us4 N-glyeosylation activity) for expression is
23inserted in this vector between the iirst And
second insertable DNA tragmcms whether
before or after De marker gene. inteerativo
VCrieL, ea' he linear iTed prior to yeast
transformation to facilitate the integration of
the nucleotide setmenee cm interest ium the
host cell genetic. 



An expression vector can Datum a
recombinant nucleic add under De control of a
yeist hpolpica Arcula ademmvoram, uncllnce
clutch dimorphic yeast species) ittpromoter,
which enables them lot be expressed in
>:(MST Suitable yesst promoters include, ear,,
A DC I. 1411. Ar1r12. hp Id, PDX, and fiat 1.0
Dot, Griareme et iii. (1111821 Pier, Natl. Acad.
Sri. IWA 79.231:7410) promoters. Additional
suitable promoters. are described in, e.g.. as
raid /Jiang (1999) Hioinformatics
15(7.1).605-61 I and 11.5. Pamin No.
6,265.185, the disclosures of each of wkich
are inc...ed herein by reference in their
entirety. Where the expression sector is to he
introduced into an animal cell. such as a
mammalian roll, the expression venlig Lain
5Nature a recombinant nucleic acid under the
tiallard elan animal MI p.m.er suitable for
expression in Me host cell or' Silerest
Examples of mazninalian promoters include,
e.g., 5940 or estomegalovirus KiNIV)
promoters.         A promoter eon be
Noistitutive ol indtmible Nonditinnalt. A
constnutwe promoter is understood to be a
promoter WilOre eXprieSStal CtiriSeini under
the standard culturing toconditions. halucible
promoters ore momoters that are respOnSire
RI one or more induction cues. For example.
an inducible promoter can he chemically
regulated (e.g.. a promote,' whose
umiscriptional activity is iegulated Isv the
piuseiseo or absence of a chemical inducing
agent such asalcohol. tetracycline, a store is].
a metal, or other small molecul0 or physically
regulated 0 ponnorer whose tiarineriptirmal
activity is mgulated hy the pmsenm or
absence of a IS plossical imloram NM as light
or high or IOW teillettratereSh An inducible
promoter can also be indirectly regulated hr
one sir Mere transcription factors that are
theillaeleeS direehy rege [aka] by chum.esi or
physical cues.         Genetic enginecring of n
cell also includes activating an endogenous
gene (e.g.. a germ encoding n oroloin having
rit-githoSyhilhe activity) than is present in the
host cell.is 20neanally cot expressed in the
cells Or is net expressed at significant Noels
in the cells. For example, a regulatory
sequence te.g., a gene promoter or ms
enhancer) or a endogenous gcm eau Ns
modified such that the operablylinked coding
sequence exhibits increased expression.
Homologous meombination or targeting tan be
used to replace or disable the regulatory
region normally associated with Me grins with
r, regulatory sequence whirls causes the gene
to be expressed ',a levels hi ch. than evident
in the corres.nding non-genetically engineetod
cell, or causes use gene to display a pattern of
regulation or induction that is different than
evident hl Latettaptiathing lienitenalitialty
engineered sell. Suitable methods for
introducing alterations of liegatiltary
SegeenCeg a raienteter Of enhancer, of a
gene are describwi in, e.g.. le .S. Application
Public.. No. 25030147868, the disclosure of
which is incorporated herein by 30reference in
its entirety. 



Ittiter genetically engtio bc co9 Iris underssood
1 or example. a gease cconditionally deleted
usOM DNA tecorif such us the Lie-lonl' system
tsee. e.g.. Gossett et al.12002) Ann Res
Genetics 30. t 53-12 and 1 S Applicatiot
Publication No 20060014261, the diselosines
visor)' of which aie ce in their enlifety)
ant nucleic acid can be introduced into noel]
descrilmi lrraisiiisisesvurioty of methods such
as the spheroplaR technigge or the
whole-cellLIM eli1011,11, yeast itansfoint
atom method. Other methods nselel lie
tonstermation of plasmids or linear nucleic
acid vectors into cells am described in, let
example. 51 .0. Palest No 4,929.555; Heinen
et af 10 t 1978) Pro; Acad USA 75,1920, Ioctal
(19031 I. Harm iol. 153: .03; U.S. Patent No,
9879.731; and Smkrisbne et atIl987) Gene
59:115. the disclosures of each of which are
incorporated horn's by is Onence is
thOirCntiicty. Flectmparation and PEG 1009
whole cell menslormatien ptocodtacs mugslso
he used, as described by Gregg and Russel_
Nlethmla is Molsentur Biology, Pichia Pmts.'s,
Chapter 3. 1 lumana Press. Totowa, N , pp
77-300908), 15the disclosing 91 which is
incorgrat herein by reference in iLs entirety
irranstectiwn of alliM11? cells ran frantic, tor
example, the inn ducting of a vector to the
cells using etticium phosphale.
gRetropeist1011. heat shock. letwomes, or
transfection reagents Sklefl as FUGENEg etc
LIMPI A glIgh20, or by contacting naked
nucleic acid sectors with the cells in solution
tsee. e.g.. Sambi mob or al , gitolecuiar
Plotting: A Laboratory Manual Second Edition
soh 1.1 end). 70Cold Spring H/11101 I
aboramy Piew: Cold Spring I harbor. Nett'
York. USA, Nor. 1000, the diselostue of which
is incorpmatol herein by reference in
Rsentirely)           mnsilm mail yeast cells can
be selected for by using appropriate Welling.,
including. hut      tel limited to, culturing,
auxetrophic :ells alter ilLEMI,Mlaii011 ill the
absence Hie biochemical product required
(due to the cells aueopophy). selection for sod
defection nee new ph......'sype or euhuring in
the presence of an antibiotic which is LOX ir
[is (Ito yeast in the absence stalest 51,5cc.
gene contained in the transformants Limns/
br2TIMR, Call a ISO Lie selected andior
verilled by totogiatton of Me cepeasing
cassette into the gennme. which can he
assessed by, e.g.. Southern blot or PCR
2nalgsis.            PI lel lv infrothicing the scums
into a target cell of illteNSI, Oio vectors mit be
grown 30le .s. amplified) in Imclei rat cells
such as Eselk=r7chia con a: co/fl. The seam
DNA nil be isolated Hain beamell cells by any
of the methods known in the art which result in
the  



ification of vector DNA from the Nader jut
milieu. The purified vector DNA con
beenLrarLed piti extensively with phenol.
chloroform. and ether, to ensure that no E. colt
proteins are present the glasmid DNA
preparation, since these proteins can he tonic
ro mammalian eons Genetic engineering. LIS
described heroin. ono by used to express te g
, over express), 5introduce modifications into,
or delete any number el g.mes, e.g.. /mos
encoding Dorems haring 10-glyeosrdation act]
rug. Such genes include, eve AUG'?, AL613.
ALG14, AUG I. At ON Al X111, RFTI, Aiverth
AUDI. ALGI 2, AU46. A1.448, eSNUl. ALG114
A1(35, OST3. OS14, OSTo. SIT), DST],
OSTS,S4VPI, 0512, 0PN41, SEC59, OCH1.
N4N1S9, VAN], MONS, MONIS. NINO I 1.10C
1, NINNI VONN 5, IsIffitn, K I Ir I. DI RI.
N1114, KREt. ISKTR2. i''153, SINNI,PN01,
NINN9, gluensidase I, elucosidase II. or
endomannosidase TIN genes Dreading
proems hearing Noslycosylstion oar iv iry can
he from anx species (e.g., lower eukaryores
(e.g.. fungus (including yeasts] or
avennusoines), plant, or aninnd le.g,, insect,
bird, reptile. on mammal (e 2 , e rodent
SIPLI:IOr Ideg, cot, horse, goat, cow, pig.
coin-bunco primate, ur human)) euntaintng
sirchfisemplory fungal spec/en 15from whirl,
genes encodirrg proteins having fr sglycoso
lotion activits can he obtained include. without
Emulation. Pi.:?,?;.. tmomata, Pichiapichia
canadenms.carson z. helm, ha moon Pieni0
stembranacfiwirn.,, Pschra
memlytmacjacoen., Candid vuhda amiida
...gbovans Candid ascalaphidarum.Conthda
amphrsice, Candid., nentricu. Cmxlitin Ion.,
leo Canclia1/2 olmorphaktica. Candid bialtat.
Corallekt cynropinio.
Corkild....,00mhyddiampa, 'anditla chaubodei
Can:hurt, COIT&Iii,, all,10); COtialthlCaMild0
ergalensts. trandido,frucluv, Conchela
,giabrato Canilielaiormeroyali (guillierzhonaln.
Catkin& hocomionti. egalicko inscrnamcm.
Candulu in.s.drorpm. Cuoulid, loth,we XL,.
amdidaCandido done, Candid., Ant,c
CeendirlaCIMIALIZ tnnyvildin randidn manna
Cunclido mambramfaciens. ComMa 



25roifiterr Candiria oleophltoandida
pantirsolovis. Caticbda cpt.creitrroso. Ccaulida
,huhmea, orodWti temolochior, anthda ton/s.
Cundida Imp:whs. Candula ae, Candida
.0noiabon...aionn Cutulidaa,', <
.audidaCarkhda PithiaPichia mrath, arra()
acidns Pichia ChOdall, Phlria ):Plehla
rnerobr,fluvlooirm. Malt,past, rv.
30pseeldopet,ur.vha,gpercommbernsoi, Pichia
naie,oi, hchia qi"enrisR. Pich.ra
no.y,burgmts,c,ricolro1.1l'1/400dozyma
!rola:aka, Rbodosporicliwn  forvioulri. Rhsdvs
skThnwckuacehr 5caccba,mme, Prartiory,
1g,,kroorr,.(tos roellw goodutok  rmlotRyoes
hole5 kndum:,,corsig fidndiger, Soiurpiworo
saik,. Schira,accharom,o octmporus
5chin,accharomycLs pomhe-Schwooniongtok
OCCAICIM11 i TOr1,111S)11)1Y1
10.1,11),,ertii, Thno Iasys.
nidelhon,Saccharainrccs thi 11' C11,11. I
orulaspora ddbrwc   oneinspo,
krthemoli",,C110,0171>CCS Prinemate,
fortdicmpora delbrueckn Tondenpom rwei
SanfOralaporm deihrwchir. Saccharomyces
rosei, Torulaspora delbruecki, .5nrcharolnp-e,
dribruethii, Tortdasparo skibru"ks?
Saccharomwe, arelbnierkii, 7.1,,,;
osaccharorm.tennongoilCIM. Domtaspora
globose' Debarp,noreo ,,:lubu?uc, I onelops,
15glohoAo ?sthospewon ottoneum.
Trigonopsi? mamls.11ilis, Williopmv cab/f
rnk.as, Will/spits 50151 mod
ZyFoyaccharogoc, ,nsporms
SvgosaccharwynxtsDcbarromyee, diAparlia
ganium. Pidaa membranue.fockns, Pichia
py.cluuo6,0?Tha, Pis him 55,, tunas, Phthia
roberrsn, Pseudozyma Amorenca
RT.:vapor/dingy fook/oides, Ithothnin,515m
tonthidec 



Sactherommcs @menlan
Sacchannmveqragill,,Saccharoortwasks
bodwigil,  to gi Um diem, 4spnig;
Ilms4,1,,VaMs glamcusnidulans. .1spoWlitiy
tri8er, 4Apergals? acioracem ,Isper,gilhos
orcaoe, Asp...n/111ft paracilICRS. npaaaliidlor
Nnirrnolies, 4,prig?ibes re.strictus-Ispurgalm,
?OlaC, A.SpergallIS Syd051., ASpCrgIlla,
minuet. Rom which genes encoding match,
havingtoglycoshlatiell activity cooke obtained
include. without limortion. &ago::( ithiden.
Endooranum. lkiNtomomm Leishmarno
epomorkz,, Inoloonoou,', Trypanoiorna (e.g.,
71 betecti.gombietivc,rriodemense, am( 1 ew
I. and irallacema, 10it is understood Thal
geneticcan be teed to expressg overexpress),
introduce modifications Mho, to deltic any
oLaTIbtiroF germsg , genet encmling 111 icing
having tglycesylation activity, and/or any
tembir.tion of tine m mule re g two, thme. Run
five, Sla. seven, eight. nine, 10, it, 12, It, or 20
or moo) or any of -Mc genes recited herein.
ItIn SOW,. unbudinporils. thy genii:ally
engineered cell lacks the Ai 03 (Genbankhi
Accession Nus. Xlet 50480, hienolecthes Ref,
VAL 10E031 90g gene or gene product teRNA
or protein) thei mil In some embodiments, the
genetically engineered cell explesses
overexpiesses) the ALG6 (Genbmkeh
Aaccession Nos X Al_5112922, t tenolevures
Ref: 5'ALI0D1702831 proteinsums
timbudintents. the genetically engineered cell
expresses the 20MN)] gene (Gcnbank kri
Actioismou Noe XXI 50221 X ienolevirres Ref:
YA1.10D24:0:g3 sure emitted: merits. the
gm-mite:dm engineered cell locks liteMCIII
and/or NINNY gene or gene products (e .g_
udkNA or proton)some embodiments. Me
panel kali., engineered cell does not lack the
OCII I gene or a gene mud itit toleRNA Or pi
01011,11 lioneL In some embodiments, the
genetically enginemml cell espiesses no alpha
or beta subunit tor both the 25alpha and the
bore subunit, of a glutosidusc etedit a, Pm-
giocosidose II chi Yorrowie iipolytsca
In some umbodimems, the k.enctically
enginemext cell expresses a mulantase such
as Ile intatimaseT hark hi num. In Some
embodiments, the genetically 



engintreui cell can have anyimenbinamm et
Mese modifications               I'ocesntripte, in
sstlttcaatlloditilcllts. nllepelletlantly engineered
cell Cal, lack the A1,03 30(e.g., the ALG3
gene eXellipil 11,:d by Gcubmikke Accession
Not: XM et,cienoloto es Ref: VA/10E03190u i
gene or gem, puiducireRNA or prole itd)
thereof:. can eveicePrese lire  ALGIs (e.g.. the
ALCM as exempt:rim: by Nesbit:Id5S
Acacia:se:on Nom )CW1_502922.
Nanotalcums Ref, VALIOD I 70)8g) promin;
ran miesespress sneer both of the alpha and
the bela subunit of a glucosidane II (such as
the glucosidose It ye larroula Iwo:217a.
ioe,saosssasesa iterm, or any whet species
described herein); can ovenwpress an
alpha-1,2-mannusidaser and Nielexpressone
5 ensnare (and any combination: oath,
l'ollowing a glytesidase, a glycesythansfemse,
a saear nucleotide thansporren a
sugar-nucleotide meth ly; ng 0117y11,12 In
come embodiments. the genetically
enaineticeil cell does not lads the 00 Ill gene
nra gene product (e.g.. mRNA ear prote(n)
thereah In Some embothinwes, the genetically
modified cell can contain a mannosidase
:weeny      art annannosidase tmtivityd the
mannosidase activity can be targeted to (Inc
endoplasmic reheat alit' - rEna sties,
ssusidasse en save a int optimum at least
below 7.5 (e g toast [Mow 7.4. as Wiwi below
7 5, at least below 7.2. at least below 7.1. at
least below 7-0, as Masi below 6 9, al least
Mew 6.8, at least 6 7. at least helow 0 6, at
least below 5.5, an lease 6.4, at least below
6.i. at least balmy 6.7, at least below 6.1" at
least be:ow 6.0, at leans below 5.9. at least
helovv 6g. at 15least Mow 5.7. at least below
6.5k at :east below 5,5. ar least below 5.4, at
least below 5.1, at least below 5 '5, al leratt
below 5 I, at least below 5.0. al least below 4
9, ai least below 4 g" or at least below 4.7). I
he mannnsidase can he NINS I. I on example
the genetically engineered cell eels ow:warm,
on mannosidase te.g , sot 50 al
plus-1,5-mannosidase or any other
mannosidase deyeribed hctem), hut nor lack
the OCH S gene en case product (e.g . nildNA
or protein) thercoh The tuannOssidarte ene ne
a wild-type farm of she protein 01 can bets
mutant form seem as a rusiont protein
magarning a mannosidase and an HIM (
FR-retention amino acid seqUerrne /Set'
EXaniniCa) understood that any protein
having Nyglycosy tat ion actiyity can be
engineered ago a fusion potein comprising an
IlDLL sequenced        In scone embodiments.
the genetically modified cols can contain an
aerwity capabie of gannoting mannosyl
phosphorylation of the altered Ntglyr,sylation
thim of thetarget molecule. hoe 1:XaMplc. e
niteleic :mad encoding an activity (Ina
promotes phosphoigheacw of Nerlyears (e .g.
MNI54, WaNg, ['NON can be introduced in
Ilse genetically, ertgiumned cell.whiel: cell is
50catrable el increasing, pllOthOlylatingthe N
elyernylation oldie target molecule      In some
embodiments, the generically modified cell
can conlain altec ise of yeniligiucshln.se
residues that cap phosphorylaiion (e.g.. a
mannosidase math as the One from Jack
Beam from the altered N-glycosylation
muir,ides.         In some embodiments, the
genetically mudilial cell is copable of 'Noticing
glucose residues from NlanseLNAce. Fur
example the getitiltO:iV lnOdi Red GM can
OVOTOXOrerO protein having sr-
dirgluctisidme audio iv siieh as, hornet linthed
-to, a mulanase or one or both of the alpha
and beta subunit of a glocosidasc II (such as
the glumniclase [[of Fth Mpano coma bnwei,
or any other fungal speciestimer-MG] licmina 



In embodiments where a protein basing
Nrglycosylnimn activity is derived from a cell
10that iS Ora different type Ns-c., ola dillgical
species) than the cell into which she protein is
cube expressed. a nucleic acid trimading lie
protein can be emboli-optimized for
expression in the particular cell of interest for
example, a nucleic mid encoding a protein
having N. glyeosylation from Tipa/lOSOMIa
grimei can be volomom 'mixedexproosion lit a
yeast Nell suchas Yarrow ill hpolynth. Snail
VOCI0O-Optillli7t9O011 can be useful for
increasing expression Milk IS protein in the
GM of inierest. 'Methods krcodcuophitnizirg u
nucleic. acid OOLIOOOTI prone its OSO
kotorm in the art and desetilted in. e.g., Ciao
el al. (fliotechnol. frog. (2004) 20(2): 443 -444
Kotula el al. (Nal. Biomehn. (1991) 9, IWO
1309. and Dennemen et al. (31. Bird. (dhem.
(I int.a) 257(6):2036-3031). A celless also he
genetically at ailleerOot to produce
predsoninantly Nrglyeans MG me
20intermediates of a mammalianhuman,
glYcostd1rninn galinsaY For exemPle, ane
ormme nucleic acids emending home, pswsei
55 hao1ng N glyeosylasion actioRy Can be
intuaduccel int0    COEL TO SUMO
embodiments. human proteins can he
introduced into the cell and 011e Or 1710Rt
endogenous yearn proteins having
N-glycosylation arnivito- can be sup premed
deleted Os mutated) Techniques fru
"humaniging" a fungal glycogylation pus Idle
are describmi in, e.g., 15 Choi or al. (2(105)
Proc. Natl. Acad. Sci.12951 I
0009:5022-5027-, Venorkell Or. (20041 Appl.
Frnviren. Flies oh. 7045 X2639-2646: and
Gensgross1,200131gantre Bitemeh. 22(111:
141(1-1414, the disclosures of each of which
are incomoratml herein by reference in Gen
entirety. Where Me genetic engineering
involves, e.g., changes in the expression of a
pi Mein or us pICSSI011 of On
ONCT,O11011:tOrOlO111 rIlleillthrig EllUtala
form Or Os] eltdOgrflitOtS protero, a 30variety
ofteelwipues can be used is determine if the
genetically engineered Cd is OsprOSO the
proicin. For CtaillpiO, She presence tilimIZNA
en"tding the protein or the protein itsellean he
detected using, e g . Northern Blot or PT-PCIZ
analysis tn. Western Blotiectively lbe
intracellular localization of a protein having
Nrglystraylation activity out be tioatyeed lip
using a vartety of techniques, including
auh,ce]t,,lt,r Itaetionation and
intnainotlimieaconce.         fsdditional peneiic.
maditisations and methods3ot 110,101110irtg
them into Luri. of Ose cells described herein
can bc adaptisl lioni ilic dea of, e.gtS Patent
Nos 2,029,872, 3.272,070; and 6,803,225,
and li-b Application Publication Nos
20050265988, 20050064539, 20050120452,
and 20040018588. the diseiosures of each of
which are incorporated heroin by refircneeii,
theii onirog 



\Intik' the anyineering step= performed in
dimorphic yeas species to achieve in SIVO 10
production of the Mari Gletakcs and
hilaroCilcNAcs can be different from the
enuinect fig steps pfi footled in other yeast
species it will be clear to those akin:xi in the
art that Phi crigineeting lechniquesto pioduce
modified glscoproteins {with the
aeltmeGItNAce and Nlan,rdloN Av. core
N-glycan SilliCiliT SS) lit dinvaphic yeasts in
vho awn be adapted by (*mine expetimenialwr
from the methods dice' coed iii ;Atter alit,. RS.
PatentNo 7.326,601 and Publication Nos IS
7004(Y118.5911. 7006604025a, and
20060286637 Oho disclosure at cash op Mitch
is incorporated by ,cfe,eineeininaeinnitetyl.
The adapted methods rail thus he ased to
achiese production of glkcopi tem= modified
with human-Lei:fa heat] at and comptes
Nrglyco no I here complex N glycan= can
have 2 to 5 'branches initiated with a CfieNtfie
ccsiolore onto the alsosernamed core lycona,
which can he further extended, c o , with
galactissa, Incase Find Walk acid tefidues
20In come embodiments the mutrun or
wild-typo proteins having Nfislecosylation ads
ity can lac isolated front the genetically
engineered culls using standard TOL linable.=
hon example, following the expres=ion of a
mutant or witd-type protein is the genoticaliy
eingineered tell, the protein can ise isolated
from the cell itself or from thc media in 0.11
:ell 1110 CSII wits coffin ed Methods of
ifillating proteins are known in the art and
Mt:ludo c.g., liqmiicl chionfirogiaphyg
751-110106 affin,ty chromatography fe.g
incsal thelation or immunpailinity
diroinatogiaphyS, ion- exchange
chromatography, hydrophobierinterattion
1,11,11108togrophy, precipitation. or
differentiel obutalisasion         In some
embodiments, the isolated proteins ironing
Nrgiyeitsylation &di, ay con be Pozen,
lyophilized, or immobilized and stored Wilk I
app. opiate .ond it ions. which alms the
proteins to retain activity.      I he disclosure
also provides a substantialy p555cc. cutlass
classy olibegenclically engineered cells
described herein. As used here. a
"substantially pure aulrone" or a genetically
engineered cell is a calture of that cell in whirls
less Mon ntsesss 4050 (re , less than about :
350S: WA: 25%. 20%:15110: WM 5%; 2%;
1a0: 0.530: 0.7550: 0.1%: 55.551%, 0.001%;
00001%; or even less) of the total number of
viable cells its Idle ei LH, al: viable cells sIlica
Than the generically engineeredg , bacterial,
llingal (including yeast), myeoplasmel. or
protoroan um.te. %bouts in this context means
that the relevant gricentage can Ise 15%
percent of the specified percentage above or
bolos" the specified peroontogchus, For
example, almur 20% can he 17. to 23% Star.
cult). nr genet-mall) engineered cells includes
dim cell) and a 10growth. storage. ar transgoit
irmdium Media can be liquid, semi-solid re
gmedia), or frog. The aunt. includes The cells
mowing intim liquid or heel, the semi-solid
medium or being Dorval or transpurtal in a
storage or ti crisp. medium, including a frozen
storage.. transport Inalit1111. The Q11::LIICS
me in a culture vessel or storage vessel or
substrata: (a , culture WA hash, os lube
nesstrange vial or tube). 



ISThe genetically engineered cells described
Isesv its elle be Dowd, for example, as frozen
call stispeicions, e.g.. irs buffer containing a
cryogrulaelalli Sisch as glycerol m sucrose, as
lyophilized cells Abernatisels. Trey can be
stored. Dr example, as ained cell ompaintions
obtaiital, %ft . by fluidic,' hal drying or spray
drying, or any faller SUdable diying method
20Marla). of Producing Altered
lM011owtsvlation broltmules Described herein
are media. of podmintlit an altered N glyco
ylarion foTrgz molecule. rhe methods tassel
ally involve the step of contacting a target
MO'silt onc ur more N-glycosylation %grit:es
hem a generically engineered cell le g . a
fungal call (a lanv,la ;Tolima.
.ir.rslisaoden,niboro,,, or any other related
dimorphic year( cell). described 25 herein). a
pinoire-I, or. animal Cell (a .e.. nematode,
insect. plant, bird, reptile. ortnattssssat teg,a
mouse. rat, rabbis, 11,1111,1el. mobil, dog,
cal. goat, pig, cow. terse, whale. monkey, or Is
amain. Fhe methods wan be call-based or
non-celi hawed Cell based methodc can
include the steps of introducing into if cell le
g., a fungal cell (e.g.. Yorrowra lipolrOca.
1272/k1 adeninivtourn, or ny os.Iscr related
dimorphic yeast cells 10described herein), a
plimt cell, or ail animal cell) genetically
enganeered co have at least one modified
N-glycosylation activity a nucleic acid
encoding a target molecule subject to N-
glycosylation in the cell, wherein (he cell
produces the target molewile iii ceo Eternal N
glycosylation form. The target molecule can
be, Ng., a protein such as any of the target
proteins described herein. In embodiments
where Me Urges protein is a lipid, line
111.1elcic acid Call he one encoding oar or
more enzymes which promote the synthesis
oldie lipid. 5The types, of modifications
pi-ethical by the genetic miginewiing of the
cells are described herein (see ihe
accompanying Exampind "Gmetically ',ate
..)11 Cells" shove). Methods Mr introducing
senator acid arc known ifl Oa, art and are
described in the accompanying Examples and
ahoy,               Introduction or es preasion el a
lieges Maki:alLC (C.E., a target powein) into a
genetically 10engineered cell can result in Me
trafficking of the larger molecule through the
endoplasmic iltint eltdfn:rr Goigi an oaeitts
enfMc cell, i.nereiav producing an altered
Te-glycosylation form or the target
Following the pinnecss.ill oft lie Iseget
molecule (e.g., in the generically modified
call), the Awned N-glycosylatiort Beanie (nile
nengen nuntecede (e.g., the target protein)
can contain one IS Of more Nsglyean
ArlIC/IlltS. For example, the aliened form of
the target molecule can etaliaill one01'11101C
spedfic Nyglycan structures such as
MansGleNAcc (structural remade I of VII; Fig.
4) ManufticklAes (structural formula); fie. 4).
klanycluNAce Witmclund formula 1.1; Fig 4),
ManstilcNAc, (structural formula XIV: fig. 1),
0lc.,Mall5CIO4Acc, (stamina& linimula VON
Fig. 4), or CilesNlans(iicNAc, (structural
formula IX, fig.1)(3:51aC 111.1110de; "GlC is
glucose; 211and "Cdc NAe" is
risaceryiglueosamine). 



The target molecules having altered
N-glycosylation produced from the genetically
engineered CRk can be homogeneousall
altered N-glyeosyla[10.1101CCUkS containing
Me same specific N--al yearnstructure( or can
be substantially hmnogeneous. By
"substantially homogeneous" is meant that the
altered target inolecules are at least about
20% (Ng., at least 25 shout 27%, at least
about 30%, at least about 35%, at least about
40%, at least about 45%, at learw ahom 50%,
at least about 55%, at least about 60%, at
least about 6535, at Nast about 7(1%, at least
ahem 75%). at least abom 81130, at least
about 85%, at leant about 909,, or at lead
ab011i 95%, or at least about 90%) of the
target mokvules having altered
151-glycosylatiot i prod seed by he genetically
engineered cell. 10Whem the genetically
engineered cell includes one or more
N-glycosylationautisities Clint effect the
phosphorylation of an N-glycan. an altered
Nrgilyeosyladon form o(attired  molecule can
have at least about 25/.g. at least abouru
27%, at least about 30%, at Wass Amur 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 least about 755), oral least ahem
X016) of its mannosyl residues
phosphorylated         Where any of the genetic
media:Pi:m.1S Of the gone/wally maim:toed
cell are inducibleor conditional Ott the
presence elan inducing cue g , a chemical
et-physical cue), the genetically engineered
cell can, optionally, he g011tUrCrl it, thc
prememe olimi inducing agent hetet, during, or
subsegumt to the introduction uf thenucleic
acid. For example, fotlowing introduction of
the nucleic acid encoding a target protein, the
cell can he exposed to a chemical inducing
agent that 10 is eapabie of mutuoting Ow
expression of one or name proteins having
Niglyeosylation activity. Where multiple
illdUCifig COOS induce conditional express tin
of one or more proteins hating
Nigh/costal:Mon aell.Vity, a eell can be
:teitaeted with multiple inducing agents.
Following powessiug Ira OPIC or mom
N-glyensylation activities, the altered target
erll be isolated 1 he altered surer molecule
can he maintained within dig yeabt cell 15and
released upon ma lasis or the altered target
molecule can be secreted into the culture
ILICAMLIIII Via a tnedanisin punditry] laya
coding sequence (either native to the
exogenous 11111C1Cie acid or emblem ed
into the expression vector), which directs
secretion of the molecule from the cell The
presence Oi011e altered target molecule in
the cell lirsate or culture medium can be
yerilied ha a Yet iota' of standard protocols for
detecting the presence of the molecule For
20mod target molecule is a protein. such
protocols can include, but are not limited to,
inmestioblering Or raMoimmunoprecipitation
with an antibody specific for await:1ml target
protein Mt the tat net imitate itself), binding of
a ligand specific for the altered Mcgct postein
(Or the target meetein itself), Or terrirlf 'era
specific enzyme activity of the altered Impel
pivot, (or Me Maget pro min asel         In sonic
embed tweiets. the isotated altered target
molecules can be raven, lyophilized, Or
imwebilired and stored under appropriate
conditions, mg., which allow the altered tat get
1110:OCOLIOS ttrenuiuhlotiauieuleretialtv.
Thc altered N-glacosylation form of the target
molecule can be linter proucssed in L'iVO 



111111C generically cogincered cell) or can
be processed sat VII10 following isolation limn
WO 30genetically enginistaml cell or cell
medium. The further processing can include
modilications the or 1110?C, its-glycol]
icsidues of the altered target molecule or mod
ifiethions to the altered  tureen molecule other
theta o its Naglycan residues The additional
processing of the altered net get olecule can
include the addition (covalent or non-rovalent
joining) of a heterologoux moiety such as a
polymer or a carrier. The further processing
can also involve ermsamtie cheesiest
treatment of the altered target molecule
Encaniatie Imminent can involve euntatting
5the altered target molecule with one or more
of a MN:mid:Ise (Mg , mannosids1,0,
merman:Ism. a phosphodiesterase, a
phospholipase, a glycosylnauslerase_ or a
piumme For a time yufficient to induce
modification of the altered target ITIQiUGUIC,
Er,yinalie 11,1iFYIL'Et can also mvolse
contacting the altered taCgetIllOieCLEie with
an enzyme capable of it:moving one N. more
glucose residues from AlanfGleNAcy such as,
but 110t [111111.0dkl 11,10110SidaSC or
011C or both of the lasalpha and beta subunit
of a glimisidase Ii. Chemical manumit cm, ha
example, involve                         eget fintecif le
with an mid such as hydrofluoric acid tor
artiste suflleient to induce modification of the
altued tai gel molecule. Hydrofluoric acid
eatment under censin conditions specifically
minfoes the mannose residues that are
phosphodiester linked to glyeans. while
leaving the phosphate en the &hem. An
alteied target molecule can he farther
processed 15by add') ion 01 ICMC,SI 01 a
phosphate glom) IrC.3111 one or more
N-glycans. For example. a at creel impel
molecide ear be contacted with a mannosyl
linear or a rnannomi phosphatase.         In
some emend immix:, an> of Me altered target
molecules described herein, following
notation. ran he atinched to a homologous
moiety, c.g, using enzymatic or chemical
moms A lictenflogous woisfy" (Mess fo my
constiumet that is mined g cosalently or
non-covalefftly) 2015 the almod tatact
molecule. which coast intent is different from a
constituent origiitally present tai the aimed
mutnote:Moots moieties include, e.g .
polymers. carriers, alitivants, ininninotoxins,
omlelewliable (rag.. fluorescent luminescent.
or radioactive) moieties In sour wribudiniefits.
an additional N-glyeus can be added to the
altered target molecule it to
rne:eesto,sttlnntetsr2C11110100.1r2 ean he.
Nut need met he, processed ill a genetically
25 engineered wit, her example, the
diselosme also Features cell-free methods of
producing a target amtmule havina an altered
N-elyeosylation Mine which methods include
the stop of contacting a target mohntski under
N-glyeosy Infirm comlinons with a eel I. lysate
prepared from a cell le g . a ka ns. or my other
related dimorphic yeast collx chasm ibed
Imeine AIM cell. ores animal cell I e.g.,
nematode. 155cm, plant. bird. reptile, 30or
mammalg . a mew:, mi. rabbin kennel. gerbil,
dog. cat, goat. pig. cow. horse. whale.
monkey. 01 human)) genetically mmineered itt
Isaac at Mast one modified N-glycosylation
Mwting of the reran i rt,olorg,le to the cell
ly.satc Isrorlitces an altered N cc ttsiiv. w teem
Lee glyeosylation form of the target
11101t,131, 



By -thi-glsomylation contliiions" is moms-that a
Inot:ire (e.g.. of target molecule and cell
lysale) is incubated underthat allow foi
a?101L,{1 N-glyenagdOritel (as described
above).       Suitable methods for obtaining mg
lysiges that preserse the activity Cr integrits of
moor mitre N-glycosyla: hi the lyoale emi
include the use of appi or late buffers and/or
inbibitom, ins:hiding nikkease, prothsse and
ohm:ghat:me inthhitoth that preserve or
minimize changes iiiN-glygosykalon activities
in the ref. lysale. Such inhibitors inelode. for
example, chelmoth such as ethylenodismine
tetrad:cello: acid iEBTAt, ethylene glycol
bisfP-aminuelligl [0ether]
2.1,N,NLNIthausficelie acid (thiTAL protease
inhibitors such as phenylinethylthifonyl Iluotale
(P515) aprotinin, leupeth antipain and the like,
and phosphatasc inhibitors as
ohotolintosodill111 iliroririe. v&adnte and the
like. Inhibitors can be chosen such that they
do Dot interfere with or gird Y minimally
adversely affect the bi-gl5mosylation actisily.
Di &twines, of interest Appropriate buffers and
conditions for obtaining I> 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): Ilarlew mid Lams,
Antibodies: A 1 &oratory Manual it old Spring
Harks Laboratory Press (1488HIlarlow HMI
Law, Using A rthithdiec A I Ethoratory Manual.
Cold Siring Ilarbor Press f 19991,1 km_
foxtbook of Climml Chemistry, Sth ed. Buthis
and Ashwood. eds. ;N.B. Saunders, Pi
iiladelphia.1.1949) 20A cell lysam ens he
further processed to eliminate or mminithe the
presence of interferitsg substances, as
appropriate. if desired. a con [sale can he
fractio&iecl by n variety of methods      Isnossn
to those skilled in the art, including subeellular
fiacrionafirm, mid chromatographic techniques
SUCH 35 iOn exchange. hydtoplmbie 0051
(e,ci.sc phase, size eXeilniOn. affinity,
hydrophobic charge-induction ehroi&togit ph&
and the like (the. e.g Scopes. Protein
25Purification: Principles and Practice. [lord
edition, Spi loth:I-Ye:lag, New York (109:1:
Burton and Harding, J. Chromatogr. A
811:71-81 09981)         In some embodiments.
a cell 15sate can be prepared in which whole
cellular organelles remain 'musel (or
functional. For example, a lysthe can ethicnin
sneer intim nalitlsece rough endoplasm&
rei:CUILIM. intact smooth endoplasmie
retiethium, or imam Golgi apparatus Suitable
.10unwinds Air repafing lysates containing
intact cellular organelles and testing ha the
finrtlie organelles are describer; in, e 4,
Moreau et al fl 941 )1 Bid Chem,
26617),4329-4133, Morena or. ni. (1991)1.
IT&I. Clara,. 266(7)14)22-432t; Resoels J. Cell
Bin:. I I1(2):2 9-229, and PauIlk el al. (1999)
Arch. Biochem. Biophys. 367(7.1:265-27 the
disclosures of each of which are incorporated
herein by reference in their entirety.         The
disclosure also 'provides leelhede tsiprodiming
a target elOteellie hosing an aideri
-glycosylation form Wet include, Om step of
imaneting a target molecule under
Nglyc&ylatiott CLMILfilliMIS with 011e
'arbors-. isolated pteins haviog
N-glccotvlatinttctivitv. wherein contacting Wu
',rpm moles-Mc with the one or more proteins
having N-glycosylation activity prod icea On
altered N-olvensylatiait loran oil& target
molecade and wIterein the one or more
proteins having le-giyeenylation &dyad are
prepared from a cell (g.s.a nowt cell (e.g...
toKIM/WO it poly! ",-Incula atrisasioiorwroto,
or ilny other refired dimorphic yearn netts
described heroin), a plant cell, or an animai
cell rem., nematode. insect. plant, bird, reptile,
or mammal          inellee, rel, ratstsis,
11:11Teree gerbd, dog. cat, goat. pig, cow,
horse, whale, monkey, or hormann genetically
engineered in have at least one modified
N.glycosylation activity. One &more peoreins
having N-glycosylation actiyny can be purified
using standard 



15.techniques as described above. A sal-get
molecule can be contacted with one or mom
proteins in a suitable buffer for a lime sufficient
to induce modification a]' rile target Melee,
to&sedated              sod Park (2002)
O0S61:716-710 and Polito and Takcgawa
0200 I) Bioehens. Biophys. Res. tlithnintin.
222(.5):678-582, the disclosures of which are
incorporated herein by reference ill their
entirety. 10In some emhodim&fs. the target
molecule can be contacted willainst one
protein having N-plycosylaiion activity. In
some embodiments. the target molecule can
be contacted faith mom than one protein
haying N-glycositlation activity. The liteget
mores:Me can be. cuntactAi with mine than
one Niger) at the sametime or sequentially.
Where the target molceolc, is esttificted
acquentially more than one protein haying
2.1-glyeurylaticm activity., the largo molecule
eau, but need not, he purified after 011e Or
mare amps. That is, e &get omit...leCall he
contact:se with protein activity A, then purified
berme We:Meng the elekeLlie to tooter)
octisity ii, md so            11 sonic embodiments
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,
N30glyectsylotion aetivitices Such linkage can
allow for easier purification following the N-
glyeesyintion modificationsilable solid phase
supports include, but are not liiisslrcl It,Fi- tton
assay plates. particlesp.. magnetic or encoded
particles), a column, or atissue.         Methods
for detectingolvcosylation (e.g, altercd
N-gincosy Trion) of a largo molecule Ind ode
DNA sequencer assisted (EPA), It aorofil
tort-assisted ealbollyni ate elecirophoresis
(FACE-11as described in the pietaurn:lying
Exam piestot SUIracc-enhanced laser
clesopitionrionization time of Ilight PtaES
sptiodurnoty (SELDI- rol, MS) and ha
example, 51 analysis can utilize OSA-FACC
La whiih. lh,ncsasiss01.2, glyowittactins no
denatured Ibllowed by immobilization on. em..
a membrane Die glyeoproteins can then he
reduced with a suitahle iodueing aro: such as
dint iothreitol orn or Prinercdpi0131.1101 Thu
sullitydlyI iro ps of the Id proteins can bc
eaitioxylated using an acid iodoacetic acid.
Next, the di-pipe.. call be released Iduin the
powein using an 1,11ynie sueli as
(Oglycostdase F. N glyoins. optionally, call be
reconstituted and doivatired by teductitie
amination. The deridatizol N-glycang out thou
fir concentrated hismanciptator suitable ftc
N-glycan analysis includes, e.g.. the A131
PRISMia 377 DNA stiqUeltal IAL?plied
Igiosysternst Data analysis can he performed
using, op, 15 GENESCANK 3,1 sollwate
(.&pplied Biesystems). Optionally. isolated
manimproteins can lo farther treatol 'Mill line
01 more enume= to confirm their N glycol
SiattIS. Exemplary enzymes include. e.g..
tomannosidase v-1,211.11110,16ASC, OS
des. Med in the :merino:timing Examples
Additional methods of N-glycan analysis
inclette. e.g., IllalbSsweilmrneiiy be , MAI
D1-706 NIS), hightressitie liquid
cinematography HIPLC) un normal phase.
amused phase and ion 20exchange
cluomatromplw le go with pulsed
ampetometric detection when glycol) ale mit
labeled and with I_ abstabaneco gum escence
If glycans are appropriately labeled). Sec also
Callow:Lod ci al (206 j Cilyenbiology
11(41:275-251 mid Freirc et al. (2006)
Bimontlig 17125: 55't-5h4. the dISCILISti:Cq
of esids Of Whiell are incorporatedby midway,
in their 25 Disettleis 1 towable ha A hoed
N-El]vco.Ityl ale  



The isolated. altered N-glycemolecules tog ,
the Omitted N glycosylation proteins or
dclidhell destrilied 1101611 eall be used to
treat a voiely of disorders. which disordem are
neatable by adininisitation of one ea mom
altered N-g)vcosylation molecules (epionein
30having altered N-glyetiaglationi di:ample, of
some specific medical conditions tlmt can be
tamted or potvemed by ndmi ttisi.rotittn crf an
altered Ntglycosylation molecule (e.g., an
altered N- glyvogroiein or an altered
N-gtycnsrtered dolichol) am reviewed in the
following sections, Betnholic Disorders A
metabolic disorder is one that affects the
production ofhello:do hum for attimal) cells,
Mogi metabolic disorders are genetic, though
some can be Arcortiord" as a result of diet
toxins, infect ions, etc. Balletic metabolic
disorders are also known as inborn en Bs of
meratiolism. In general, the genetic metabolic
disorders are caused by gertetie stir tools Mar
result in missing of improperly construct:of
enzymes neeemapy for SOEN; step ta the
metabolic 10process of the cell, The largest
classes of meteLmlie disorders nig disorder s
of carbohydrate metabolism,
disotstc.rsefotttiut skirt meinholivm, disorders
of organic acid metabolism (organic
acidurias), disorders of CEAL[y acid oxidation
and milochondrial metabolism. disorders of nit
tociaboliem, disorders of pun ne or pyrintittine
meiatiolista, disorders of steroid metabolism
Ftdisorders of mitoehorahItinviiott, disorders of
peroxisomal function, and lysosomet srontee
disorda (galls).         Examples of inciabolie
disorders that can (retreated tiumegh
theedrr,ittistratiott clone or mute altered
Nsolmetsolation molecules Or pharmaceutical
compositions of the same) described herein
can include, e.g.. heriblitare hemochmmitiosis,
oculoananeous albinism. protein C
20deficiency. type I hereditary origioodemn.
congenital tansetisomaltase deficiency,
edgier- Naijar type I I, Tanen syndionm,
hem-BUDA. yelopemaidase, primary
hypothyroidism, conocriitat loito QV
symhome.tyroxine binding globulin deficiency.
familial hypercholestemiemia, Ibmilial
eltelosaimmtemia, abeta-lipoproteinema, low
plasma lipoproteill A levels, licieditary
emphysema with liver injury, congenital
hypothyroidism. osteogenesis imperfeeta,
hereditary hypoltbrimmenernia, alpha- I ant
ichymolrypsin deficiency, nephrogenie 



diabetes losipidos, motiohypophyseal diabetes
insipidus, adenosine dram mast deficiency,
Pelizecus Merzbacher disease, von
Willebrand disease type II A, cmobined factors
V and VIII delleieney, spondgtoepiphyscal
deeplasie iamb, chum ideremia, I cell disease.
Batten disease, attain v noieMseias,
ADPKD-auttmenia I dominant poi ycystic
kidney disease, is icrovillus 30inclusion
disease, tubenvis sclerosis,
emiltAteroblo-renal tyudmme of I owe,
arnyotrophic lateral sclerosis, myviodysplastic
SyMilt,111Q. Bore lymphocyte synd paste,
Tangier disease, familial  sierals , tic
arileukodystiopily, Scutt syndinine,
lierrnansky-Padlak .yorhonle typos land 7,
Vellsseger synch ome. rhignmelic
chondrodhaplasia panels. autosomal
recessive primary hypeimaduria, '-I tSar
Tranebiaerg syndrome, spinal and huller
IMISILI Law amophy. primary ciliaro
diskenecia thartagenea Is sandinme), giamism
and acromegaly, 5galactophea Avklisoris
disease, adrenal ail-Him), Cushing', sa.
ndrome, ketoaciduals, primary or second:pa.
akiristemilion Oilier Dinkel syndionte,
lissencephaly, moor neuron disease, Usher',
Goo:home Wisknit-Aldiich syndrome, Optic
syndrome. Huntingsuis disease. hereditary
poiereniitis, antimbospholipid Gallnine. overlap
connective tissue disease. SjOgren's
syncligna, stiff-man syndrome. Brugada
syndrome. congenital nephritic syndrome a
the Finnish type. 10lenbin-Julmson
syndmme,hypopnosphosphatemia, Pendred
sync], (tine, pertr1C1111C hypoglycemia ol
infancy, hereditary spheroeynosis,
aceruloplasmincinia. infantile neuronal cermd
lipniuscinosis, pseurleachondloplasia and
muliiple upiphyscal. Stergaidr-like macular
dystrophy,Charegi-Maldisease, &nominal
dominant ietinitis 'Mementos& Wolcott-1gal'
ison sandrono. Cualiing's disease, listsb.girllc
rnmeular 15 dystrophy.
mucoploy-sacehridosis type IV, hmedlialy
Egmilial amalorlocis of l'in"sh. Andelson
disease, sarcoma. chronic rnyelomonor yak
leukemia, amidigulyopatily, facingenital
dvsplasia, Tot Slots disease, I !untimely:4i and
spingtertbellal alavias, heredita y
liyperammosyteinemia, polynepropathy. lower
1110LOt neuron disi.ase, pigmented ietinitis,
seomegative polyarthtitis. intemtitial
pulmonary fibrosis, Rayne's'', phenomenon.
Wegner's gianulomatosis, preoteintiria,
20CDC' la, COG Po, COG-le. COG-Id,
CDC-le, COG-If. COG-I In. (11( hills,
COG-Ilan (.1)0) lid. Ehlers Danko syndrome.
melliple CXUSIO,S. ndtoom gyp,. 1 or type 2),
or X-linked 11011 specific mental retardation
In adding'', mciabolic clisasiders can also
include lysosomal storage di solders such us,
but not lirni teal no. Salary doesse, Imrbel
disease, (leacher disease, gangliosidosia.
Fay-Sachs disease. Sand/GIS disea3e, ( i0.
act ivat.or disease, Krahhe 25disease,
metacannematie leaked you: play.
Nit:mann-15,k 'disease (typos A. it. and I ).
Hurler disease. Scheie disease. II mire
Sine:Go, SG:Flipp), disease, Miasmic)
(11.Sell,C, klaroleaux. I amy disease.
hyaluionidase deficiency,
aspartylekiegsamincria, latansidosis,
mannesidosis, Sets i disease, sialidosis aype
I. Pompe diaoaye, FIG netlysgstesis cupid
lipolisainosis, cholesterol ester storage
disease, aVolman disease, Muliiple sulthlase
detineray, galacinsialidosis. 



30marcolipidosis (types II ,Il 1, and IV).
essiinosia. sada maid sitaanc OIDORkl.
ciaylersierota  retention disease with
Mario-Siogren syndrome
jlormmisky-thal(Itediak- FligasIM syndrome,
Dation disease. or Geleophyaic dysplasia.
Symptoms of a metaboiis disorder are
.:11(TOUS awl discs se and can inone or
more of, e.g., anemia, Nsigue, bruising easily,
low blood platelets, livel enlargement, spleen
5enlargement, skeicial wenkening, Mug
ilrlpilill110111. infreI inns (e.g.. chest infections
or pneumonitis), kidney mpainnont,
progressive Main damage, seizures, extra
thick nice snub. coughing, wheezing, excess
saliva m- MUCOUS production, silo:mess of
breads abdominal pain. occluded bowel or
gut, fertility pothleinst polyps in the pose,
clubbing of die tinges-toe nails and skin, pain
in the bands or Wet, angiotteralema,
decreased perspiration, corneal and lenticular
10opacities, (outlasts, initial false pie lapse
arbor regurgitation. cardiomegaly, temperature
dinteulty walking, difficulty swallowing,
progressive vision loss, progressite honing
loss, hypotonia, mattioglossia, areflexia, lower
hack pain, sleep apnea, orthopnea,
sotromlence, lowlosis, Os scoliosis. 1r is
understood Mat due to the diverse nature of
the do house or absent FICOMillSshe
residting disease phenotypes (e.g.,
symptomatir presentation of, metaboiic
disoislcth a given disorder will generally
present OrilY 14111Plolus
efultholetwth111.2110 paiticolar ((bolder. For
example. a patient with i'abry disease ean
present a particular subset of dm
abovcwietitioraul symptom, such as. hill pol
limited to, temperature intolerance, corneal
whirlingpain, skin rashes, nausea, or dirnnhea.
A patient with Gaudier syndrome ear presort
soletsorsinnoly chrhosis, comilsions.
Ityperfonitt, apnea, osteoporosis, or skirt
dismiloration. 20In additiou to the
administration (Mona or MOUC altered
N-alycosylation molecules herein, mmabolic
dismWer can also be treated by proper
maritime and vitamins (e.g., or many),
physical therapy. and pain medications.
DeFFICHT 011 tile spectre nature of a given
metabolic disorder. a patient roli pleSCEIL
OICSC symptoms at thy age. in many cases,
symptotas can present in childhood or in early
25achilthood. For example, symptmns of
Fabry disease can present at an eady age,
e.g., M 10 or II ye ow of age. 



As lewd herein. a subject "at MN of
developing a meMbolic disorder" (such as one
described herein') is a subject that has a
predisposition to develop a disorder, i.e., a
gC.Ile prediSpOSilielli to develop metabolic
disorder as a result of a mutation in a enzyme
snub az alpha' 30L-idurriaidose,
betarnsfulactissidase, besa-glueosidasw beta
hescsurninidase, beta-1N ntramosidase,
alsfitensidase, arylsolfatase 11, arylsulthtase
A, alpha-N-  aoosilea I noses anilnetasepad
ylgthcosamin idase, iduronare 2 Sr lfatase,
alpheeplucosaminiticN-acetyluansfatstcoronid
ase, layalutamitdase, alpha-15 thannosidases
alpha- ocutommidase, phosplustransforase,
acid lipase. acid ceranaidase,
sphinommyelinase, thioesLerese, Silk:I/sill K.
OP lipoptotein lipase Clets-lc, suhjectstask of
developing a metabolic disorder" 5am sot all
the subjects within a speties of interest.         A
subject -.suspected of having a disorder' is
one having one or More symptoms itl a
disorder (e , a issetabolic disorder or any othar
disorder described licrelit) wish as any of show
described herein. 10iii) Lancer         Cancer 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 IISSIIS through
inanition, or by implantanon lass distant Uses
by 111:ASSISSIS twlwre cancer cells we it
ansported through the bloodstream or
ljumbizie syssonj Cascrr can affect people at
ail ages, but risk tent is so increase 15with
age Types ulcanswrs ass isetitale. ry, lung
cancer, breast. cancer. Mon cancer.
pancreatic cancer, renal stunner. St03112,11
retinacancer. hone cancer, hematological
cancer. neural tissue cancer, ntdationsa,
thyroid maces, aerial cancer, testicular cancer.
prosuthe cancer, SPICCS, or thaddet cancer
As used tscrr.i Jr,a ass hirer "as lids of
developing a cancer" is a subject that has a
20predisposidon to develop a 1:0111Cer,, a
genet,: pied isposition to develop cancer such
as a mutation in a tither suppreszot :acne g
antrasion in BIWA L pS3, RH, or APC) or has
been exposed to conditions that can o stall its
cancer Iluts. a sallied eon also be one -al risk
of developing a cant,' Alum the. subject SIOS
been exposed to mittagenic or carcinogenic
levels of cersain soutpOLIILLISI,S g
Kostmothstms compounds in Cigarette amok
such as Acrolein, Arsenic, 25Benzene.
Belarfaaniltracenc, Ben, luil py(enc.
Polonium-2M (leadon). Urethane, or Vinyl
Chioride). Moreover, the withers cast let "as
risk of developmg a cancel" waken the subject
has 



been exposed to. e g , large classes 4)1
altur.iolce light orradiation, or exposed (WK.
infected) le a iumotwaustrAtessoothlod
VillISSUch as Hp, llotnavirus, upstein-Barr
virus. hepatitis It aims. or
hUIS:111lcukuntadymphoina Wins !sons
Meakoae ir will be clear that subjects 'at risk
30of developing a cancer me nos alite
subjects within a species of interest
subject "suspected of basing a cancer" is one
having one or more symptoms rd'a cancer.
Synpooms of cancer are well-known to those
of skill in the art and include, without limitation.
breast lamps, nipple changes, bre:3SL CYSK
breast pain, weight loss, weakness, excessive
fatigue. difficuly eating, ions of appetite,
chronic cough, W017,11 ire' breathlessness. 5
coughing up blood, blood in the urine. Hood in
stool, nausea vomiting, liver metastases, limp
metastases. bone metastases, abdominal
fullness, blunting, aid in perineum] cavity.
supine(' blearling, constipation, abdominal
distension, perffiation olcolon, peritonitis
(infection, lever, pain). pain. vomiting blood,
heavy sox:ging, fever, bigli blood uressure.
anemia, diarrhea, jaundice, diszinexJ, chills,
Hills* spasois, colon 1110100.9SeS, lung
metastases, bladder 0metastases, liver
metastases, bone ITICIASUISCS, kidney
metastases, and pancreas metastases,
swalloming, and the like. In addition to die
administration of one or more altered
Nsglyensylation molecules described hi, Cif], a
canm eau arm be tremor by chemotherapeutic
Agents. ionizing radiation, IMMUIRIthlTapy
,gcnis,hyp"01011110111CifippChCITOthetape
llliC agents include, e.g.. 15eisplatin,
carbonlatin. orocarbazine, meehlorethamine,
cyclophosphamide, camptotheciu, adr limpets,
ifosSamide, melphalan, chlorambucir,
bisuifan, nitroserea. dactinomycin, dmmor
(Tido, dommohicia, Idemuyein, plicomycin,
mitomycin, eloposide, gerampil,
ryrdophyllotosin, ramovirren, (ago!,
namplatinum.flurouracil, gincristin, vinblastim
and onnhotimate. 010 intlaninmemy Disorders
A 55 MittlammarorArdisorder," asto uprnu inOr
IIICIC subsuumes On., Sr bsiamAs not
Annuallysing in the subject), via the action of
while bleed cells (c (( , 13 eelmonneytes, or
dendritie cells) inappropriately 'trigger a
25pathological ItS11(111Se, e.g., a
patholopicat immune response. Accordingly,
such cells involved in the milmormatoly
:responseme referred tress "inflammatory
coils." Ilse inapproPriatela triggered
inflammatory tampons, eon be 0111' Micro no
foreign substance (e.g., an antigen, a virus, a
bacterium, a rung.) is orenent "liar on dm
subject The inappropriately triggered
res.ponne can be one where a
,11,CUIIIpthient (e.g., a self-antigen) is
targeted re.g.. an autoirnmune disorder 



30such as molt iplc eel comic) by the
inflammatory cells. The inappropriately
triggered response can also bc a response
thal is inappropr iate in magnitudeor duration,
e.g., anaphylaxis. Thus, the  inappropriate ly
targeted renpotbc' lisle is the presence of
ainicrnlisst.l bunionial, or tn ngali, Types of
inlituniunaturiti disco de. (e g, autoimmune
disease) can include. but sit not limited isv
osiccssrlisrtuis. thotimatoid arthl (it A).
spondylnaithiopathies, POEMS syndrome,
Cretin's distam, sin, I licusuini u thotienisn's
disease systemic lupus et ythetwatosus (S
LIE). multiple uckTunis (MS). iiHite. Inn
(lysimphy (MD), insulin-dependent diabetes
net Iitus (IDDINI), dent.annyounis_
ixslrsi,ynsills inflantmalnry nem npathies such
as Guillain Dane syndrome. vaseulitisIn
Vietwier's granuloma: 011X, po'yarteritis
ondosa. polymyalgia rheainatiem temporal
arterinis, SjOVIVII'S ,),,f),0111.2
Becher'sdi:ease. Chutg-Strauss syndrome, tsr
Talutyasti's artyritit Also mellieed in
inflammatory disordens are certain types of
alle(gics 10 such as ;IMMO,.
SIMPellIS.11.11fiall in, hives, anginedema,
atopic dermatitis, food allergies le g , out
allergy). dreigellergiss (e.g., penicillin). insect
allergies (e .g.. allergy Ion bee sting,.
111,NICKFO;iS Inflammatory disorders coan
also include ulcerative colitis and asthma A
(abject -al risk of developing an inflammatom
disorder" reit, Ion uonloct with 9 family histmo
of one or mole inflammatory disorders (e.g . a
genetic ma:disposition to one or 1)more
inflammatory disoldenst or one exposed to
one or 1110X inflammation-inducing
conditions For example. a subject can have
been exposed to a alrol or banicrial mperunri
gen such as, nut nut limited ht. staphylococcal
enterutoxim (SFts1, nslrelntOelnr.rl,s
gyogenes exolosin (SPE). a staphylococcus
aureus toxic shockwyndrome toxin (1US f"IS.
sstresintsecleenl mnimenic exotoxin ANIF.)
and a sheplococoal superantigen (SSA) trom
the aboye it 1kidtsc clear that subjects "al
70list of developing an inllammanuy disorder'
are not all Me subjatt anittau1n Spati. Lit
interesi          A subject -suspected of having
an inflairunate. tlisonlei" is one presents with
one sIr mone symptoms of an inflammatory
disorder Symptoms of irinumniatoly disordem
are well known in the an and include. but 1110
not limittal to, (tidos:is,. swelling twg "swollen
joint., johns thas are wann to the touch, join,
pain, stir-Mutt, loss of mint function fey., chills,
fatigue. loss 23of energy. headaches, loss
onappetite. muse', Winn:As, i11,011111i11,
iielttises 5. Shay nose, sneering. coughing.
sine or more neurologic symptoms yuedi as
3iZ7111011, seizures, of path.         In add
[don to the administration niMR' or 11111010
sit 5151 asS N-glyeosylation molecules
desolated herein. an
inilntnmamorydisorcieressi alto be tiontml by
non-stemidal anti-inflammatory drug (NSAID),
r disease-modifying ariti-ilitional, ding IMMAR
DU. n biological illiesponse modifier. or a
corticosteroid Biological r.ponse Iliad lieu)
Illebleto. vsgasnutnii-TNF  agent (op., a
soluble (At recap:or orpacific for TATE such
asims,tnrob. 111311Xlionb, Or cianexcepm.
Methods suitable for treatingpresgnliJsg or
0111eV',arming one 01 more tylpintOnlq ol) 



any of the disorders described herds using
any of the anciod N-plycoaylation molecules
(or phanwaceutica1 compositions themiii'i are
sal lotth ii, he following section.
Pharmaceutical Compositionsand Method( of
licalment An altered N-glycosylati on
molecuieg , an altered Al glycookation (Mon of
a target 'solar,, Fannie I, 71, t target protein)
can he incarparnted into apharmaceutical
CtillIpOSIllUll inCOnlailling a therapeutically
effective amoua!stitlionil One Or MOIL
Adjuvants, excipients, carriers, and/or diluents
AccepOble diluents, carrier s and ONCIpientn
Typical if do ant Anhelonly affect a recipient's
homeostasis Asp , eloirelgte balance).
Aeccptahle carriers include blocompati hie.
inert or bioabsorbable salts. buffering micros,
ohm,- i.sr otalysacchai ides, polymeis.
viscosity -improving agents, preseivatiscs arid
thc like. One am:molar/ carrier is !Sphssiologic
saline (0.15 Ist NaCI, pl 17.0  te 7 41 Another
ennIllitlary mere( is 50 inNi sodium phosphate,
(00 mist sad i isa, chIorids Rohm detail) on
techniques for formulation and administration
of pharmaceutical COUIOtInititInne.g.,
ItAningion's Phancaceutical Sciences fiyismsk
Publishing Co , isis los., Pa 1 Supplementary
active compounds can also kie incorporated
into thc composniems 20Adm inistattion wig
phitillla,CUtiCat esoapsssiliOn
C011tniPlItg,nlered N elycosylation molecule
can be systemic or local Pharinacman al
competitions can he to notated such that they
ore suitable for parenleral and/or
non-paionteol administiatien Speeific
administration modalities include
subcutaneous, intravenous, intramuscular,
irmaperitimeal. bonsdennai, intimthecal, oral,
rectal. buccal. topitiai, nasal, ophthalmic,
intrawritta0m. intro-arterial. 25sub arachnoic,
bronchial, lymplailit, sagirini, tuAl into-iner Mc
adminimrat ion.         Administration can he by
periodic injections ,,r a bolus ofthe Mon
magemical composition areas be
mink:Nabbed or n011tilILI011s by MI
Alvah/Mk an intraperitnnexl fkom a reservoir
which is externalg an IV bathos into nal te.gi ,
a ha edible implant, a bloat-Oficial orgiut OnOr
iltppinnlod alte,od N-slycasylation molecule
30production gel IN See. e.g., U.S. Pal Nos
4.407,957, 5.798,14), mid 5,0011.8211, each
incorptmaled herein bk. eremitic. in their
entiiety AdminishDt11111 of a pharmaceutical



composition ems lw mikes I nun -saisrltlerleli
nero means such as: a pump (see, e.g.,
Annals of PhatmacolllemPY 27:012112245,
(lamer, 41,1270 (1993)-, Cancer Research.
44,1698 (1984),      )01111.21] Ulan; by
ivfmenCe in its entirety): microencapsulation
(see, e.g., U.S. Pm. Nos. 4.357.803; 4;053,
Out arm 5,084250, herein incorporated by
reference in its entirety); 5continuums release
polymer implanis (see, e.g., Sabei, U.S. Pat
No. d,883,666, incorporated licinin by
tolcivace in its entirety); macmencausulation
(see, e.g., U.S. Pat. Nos. 5,204,761, 5,158,88
4 4,970,872 and 4,26S, CM and published PC
I patent applications W09229195, WO
25(05452, thc disclosures of each of which are
incoiporated herein by reference in their
dainty). injection, either subcutaneously,
intravenously, intrmarterially, inimintisculraly.
or to other 10suitable sitm or oral
administration, in capsule, liquid, tablet, nal. or
prolonged release formulation.         Examples
of parenteral delivery SyStellis illeilldC
ethylcue-vinyl acetate copcllymer particles,
osmotic pumps, Minim liable infusion systems,
pinup del ivei y. encapsulated cell delivery,
Iipostanal delivery. needle-delladed injection,
needle-less injection. nebulizer. ISaerosolized
electroporation Mid IITIESCkrlithl patch.
onnalations auk:dale tsr paronistral
administration conveniently contain a sterile
aqueous preparation (trine altered
N-glycosylotion molecule, which preferably is
isotonic with the bided of the recipient (e .g.,
physiological saline soltilien). Formulations
can be presented in unit-dose or multi dose
form. 20Formulations suitable Ow oral
admiontraieall be ricsonme sacte units such
as capsules, cachets. tablets, Of Illeen (es,
each containing a pisletermined amount of the
thereat Nglycosylation 1110k.ie; strut
suspuisiou tsr an Nt100111q liquor Or a
non-aqueous linen!, suck as a syrup, an elixir,
an ...Hon, sirs draught. An altered
N-glycosslation molecule to g., sinsltered
N-glycouvlsition form of a target 25molecule
such as a largei prO1011) SU:tabie [Ur topical
administiation elle Ise administered to a
mainmal (2.g.. a htla11111 patient/ as, ce.,
<IMMO. rs1seuy,r. tbuns, a gel. an ointment, a
salve, or a dry mb. A dry rob can be
rehydraled as the lustadministration. An
altered N-glycosylation molecule can also be
inlimed directly into (se , soaked into rind
dried), bandage, gauze, or patch, which can
then be applied topically. Altered
N-gIncesylation molmiles can also he
30maintained in a semiliquid, gelled, or
fully-lispskl state in a ()MOMS!, gaure, or
patch for topical  admirMtralth. (See, cj4. U.S
Pater4.207.717, theofv.thich i= incorporated
herein 



by trIbrence ii,its mainly I I
,:ysipccitic.aI:y ethootive anne,,,, Ii
olupintrmacealicai emsipnoilinis can be
administered to a subject ut rthul (knout- is a
dosage regimen ascertainable by one olskill in
the ail. or 5example. a manposi[miles he ad
hid istoimli a the cabal, g , s>stemically at a
dosage from 0.010thig to 10.000 pg(koz 'Judy
weigh( on the SUbjeCt, per dose In another
example. the dosage is Prim I itthkg Cc 100
titmkg body sue igl,I I, the =tithed. per dose In
another example. the dosage is hem I tigthg to
70 ittglig [icily weight of the subjem. per dose.
e.g., from 3 pthkg to 10 pkilip body theight of
the miltheck pet &ca. toIn order to optimize
lisc.nilicnlrc. efficacy, an dieted
N-elycosylation molecule can be Fist
admildslered dithkrom dusk ig regimen= 11,e
unit. dithe and regimen depend on factors that
include. e.g., the species ofas ssssnnne
Steins, the booth weight of the mammal.
Ineplcally. levels of an altered N-glythisylitinn
molecule in a tissue can he monitored using
appropriste sminening athays as part of a
clinical testing procedure. e.g.. to determine
the ellicaig 15fit a given treatment egiimen
The fre0tiency of dosing for an altered
Negtheitsilation mul.xlde ismilhilt Me skills and
Minimal judgement of medical practitionms (e
g . doctors in intim0). :)theally. the administrat
on mgime is established by clinical trial=
which may estahlisli optimal administhat
parameters However, the practitioner may
vary such adminktration regime= amsoldingio
the 211mithect's age. health. weight, sex and
medical status 'Um frequenes Nosing min ire
aried depending on whether the treaLMent is
preplsniec lie or therapnplw           s kit) and
therapeutic efficacy of such alined
th-glysosylation moleetiles to g , an "holed
%-gl7cosslatign form of target ilkilectile:, sire Ii
as target proteins) or plimataceutneal
compositions thereof can be determined be
known iAraiirtacA2wie.,i prona.kilts in, for
example, 27 cell cultures cc' experimental
animath nese procaine:: eau be uthil. g fot
determining the I,050 (Me dose lethal to 501=
of she pupal:aim') and ilthEDS0 (the dose
therapeutically effective in 707l of the
population). The dose ratio bemiteen tom, and
therapeutic oiliness is tines therapeutic index
and it can he expressed as the ratio I
D5(WED50 PIthrmacmitimd composition= that
exhibit high therapeutic indices are prefenned.
While pharmakcatical ithinposilimis thin
mishibit toxic side toeffects can he used, care
should be taken tode:Seri adelivery 5!...Slusli
thal thigeb s1,11  compounds to the
ailedfshorted ssaao. iiiorcter in nisonaize
potectiel deniegct000coaal cells (egg
non-target cells) and, lttcreho. recluse sidCl
effhets. The data obi/tined than El to coil
cttlsiice assays and animal mod lest can he
used in formulating a imago olidosage hor use
in apptuprinte subjects (e.g., human patients).
The dosage 



5or such pharmaceutical composirions lies
generall) within a range of circulating
concentrations thatdcli lesbte ISIASO with
lithe or no toxicity. ifhedosage may vary within
this range depouding noon the dosage form
employed and she route of administration
utilized. FOF a phatmacentical composition
used as descrihed herein (e.g., for treating a
metabolic disorder hi a ott iiser), rise
therapeutically effective dose can be
estimated initially from cell ccl rose atSO>S. A
doge con be fisimniatedmimai models to
achievea circulating plasm /since/merlon
range ihai includes the 11150 (i.e., the
concentration or the phantiaL7CUtitAlwhich
achieves a               in hi Alice of symptoms)
as determined in cull culture. Such informalion
can he used to more accurately determine
usehd doses ill LeVal ill plasma can he
measured. for example, by high performance
liquid chromatograoliy. ISAs defined hexin, a
"thempeutically e active amount" clan altered
Ihrglyeosylation molecule is an amount of the
molecule that is capable of poi/clueing
orsucshicelly desirable result (e.g.,
amelioration of one or 1110re symptoms oha
metabolic disorder or decreased proliferation
of cancer cells) in a Treated subject. A
therapeutically elibetive amount of on altered
lqglyesasylation molecule (i.e., an effective
dosage) in/Midas milligram or mierosram
annoy sit of 20lheco,ss1xseod per kilogram of
subject or sample weight (e.g., about /
microgmin 'per kilogram so shoed 500
milligrams E'er kilogram, about IOC/
mierograms per kilogram to about 5 milligrams
per kilogram, or about I microgram per
kilogram to ahrur 50 micrograms per kilogram)
The subieet can be any mammal, e.g., a
human (c.g , a 110Mall patienik or II
non-human primate (e.g., ch impanzee,
baboon, or monkey), arisk inhisit, a guinea
pig, a gerbil, a 25hamster, a horse, a type of
livestock iie.g , cow, pig, slieep,goals, a dog. e
cut, or a whale.         An altered
klgglyco(ylation stokes, Is or pharmaccoliCal
cillaposlion thereof described herein can be
administered to a MliCacombination therapy
with another treatmcm, e.g.. a neannent for a
metabolic disorder (e.g., a Rises/61ml stoi age
dismider). or example, the combination
therapy can include administering tonic.
subject (is g.. ohuman patient) one /sr more
20additional agents that provide a therapeutic
benelli ho thigi subjerd when" otto ra risk of
developing, or suspected of having) a
metabolic distIldel" (e.g., a lesosoinal siomge
dism     OIC eojnpotnrd or plrnniinraniieal man
Isrisiti on ted the one or niore addtlonat aguifis
ex administozed at lie santofinernatively, the
altered Negfficosffiation molecule (e g , protein
or dolteholi ethiarodntiiiisteied loot In time and
the one or tere additional agents admmisimed
second in time The one or awe additional
agents can he administered lint in time and
the    Ltd Nfitlyffitylatirst molmule lag, [amain
or dolichol) administered second it, lain hc
enured Nffilycosytation molecule can replace
or augment a previously or currently
admieistfired !bonny kit example, upon
treating ktth am altered N-tetycosylation
molecule Off effenfion, adraffishaline of the
one or more additional agents can eeese or
diminish, e.g. ho administered on lower levels.
Administratton of the previous therapy can
also be ittnerffitnal In some Illffitances, a pi
evious therapy Clibe maintained until fire lewd
Filth Littered N-plycoffilation 



ll'OietifiC (es., the dosage or schedule].
reaches a lewd soffit:kW to Nov rde a
therapeutic effect. the two therapies cant be
administered in combination.         It will be
appreciated that in imialims whereto previous
therapy is paffieelarly toxic te g a treatment for
a mentholit disorder with signiimmt
s.dffieffectadminish mien of the :5altered N
glycotylatiort molecule, protein 111d0hisholl
win he used to offset andffir lessen the
amount of the previously therapy to a levet
sufficient  to give the same or improved
therapeutic 3v:11CM, but Affithut liec theicity.
In some instances, Alien lbs anthem IS
administered an altered Negfficosylation
kolffittle redffichul, or a dohchrffil inked lipid) or
pharmaceutical cornpusition oink invention 20
the first therapy is hailed. The suthcci Call he
otheilmed for a first pre-selected test Ii, c.g .
an imp ovement in one or more symptom's of
a Metabolic if corder such as any of those
described !Rutin e.g., see above!. In tome
eases. Ahem the fast the-selected result is
observed. trey-km:in with the altered N
glthomiatimmuukffile le , Liam ed
Nffitycosylation protein or Lin altered N
glyffisylation toliehol) is de...waned et halted
the subject nail then he monitored f('ca scuAtti
pre-selected resuLt alter treatment with the
altered Nthlyonsylation molecule (e.g.. protein
or dolichol) is halted, e.g., ansorseliirg of a
thinfitom of a metabolic disorder. When the
second preselected result k obserffid.
adMillislrattott of ilk altered lffigiycosylation
molecule le a., protein or &Mellor) to dm
SlIb?,ICM1 he Reinstated or increased_ or
administration Lth the fest therapy is
reinstated. or the sukeff is administmed kith an
altered N glycosylation molecule 30(ewe
protein. slrtlioltol, ri doliehol-lifficti lipid) and
first therapy. or an increased amount dl
altered N-glyethylation nthleculeg , protein or
doliehok and the first therapeutic regimen I
tieslimed N-plycosylaprotein or dolichol) can
also itetittered with a treatment Roots, or more
symptoms of a disease (e.g.. a metabolic
disorder). For example, pliesltered
Nimlycosehhinn molecule tag,, protein,
doliehol. or a dolicholhinkcol con be
cmadminimered (e.g.. at the same time or by
any combination regimen describer! shove)
5with, e.g., a pain medication, It IS understood
that in some embodiments, en altered
NtIMACCIlk is one in which the altered
glyrosylation increases the ability or the
molecule to produce a medically reievaat
product. For example, an altered
N-gideosylation molemde can he an 1,?Zyll?C
capable of producing a therapeutic product
(mg.. amidl moltrwile or them:moth( peptide),
which itetaewne's actisity it ncreased or
optimized ho glyerwylation. Such (viaducts
and methods of using site products are within
the WOIXt 01.01C present disclosure.
Any oldie ph:rum...M(81 01,111170Siti011s
described herein can he included in a
contained prmk, or dispirit:et together with
instructions1er admimatraton. 15The Milowing
are examples or tho practice of the invention.
Th or are not be construed as limiting the
scope el Om invention in any way. Exampies
20Ex Pruners erld Sloa 



I rildc I contains a list (Mail shire plasmids
used in the Tondtruction el d expiession
veworst and deletion cm:sates used in the
experimenta deadribed her hATLYPO strain of
l'orrowia lipol),:ca wan used in the
experiments, 25fable 7 contains a list of
minims Elm names of the primers) and the
utility Cri the I:6111(1D users n the Willowing
example. Table I.  30  rbstprids Erd1162
Example 2. ceeoww5tosI and A strategy to
knock out both OCIII (GenA.1anti
(GenDank:atAccessionNo:Mitt 11271 genes in
Yarrowia i4,olylica was set up as described in
Pickers et al. R2003)1 Microbial Methods.
55(31:727-37) Its Me bill wale. Tito gcne
5construction strategy diat was followed for
the 002/0 gone is depicted 101(1g. 5. The
00111 KO fragment was isolated limn the
plamnid YRN:1-11 1-0.1"ION) its mstriction
digest and by PER and was fianstim mod to
Gritiodia tipofietica strain MTLY60. 10 



uracil putuirophie swains wore okomod ond
screened hy PER on genomoic DNA (gDNA)
using planers hawai Ems Ey (SFQ50:18) and
[(och) let-cal' (SE) ID N0:19) to analyse the 10
genoinic bylegrailon of the plaspid. A fragment
of the correct size (i.e., 261S be vs. 1891 hp in
Mc wild tape) woo amp ti lied in 2 of the 20
eionss tested. Several clones contained a
random integrated copy of the construct and
therefore both fragmenE were amplified.
lo remove the 0543 gene, the two positive
Mores were transforinmd with the tipisoinal
plasmid 1RRE32 Ilia contains an expisssion
cassette Mr the Ore reCealbill2.1,.the 150543
gene was screened for by PCR on gDNA
usimg printers Ylish/ prom At. and ;yeti I ter
rat, (0.C. above). the 2328 bp frog cent (incl.
171243) WaS absent rem, and a 1075 bp (cad
011c13) fragment of 1075 bp was present in,
the positive Ames. A Southern Hot analysis
was performed on CIE 2 peSi[h, elOPICS io
check whether also- tram DNA integration had
occurred. Conomie DNA (EDNA) was double
digested with 20FicoftV/FIMMII, subjected to
agarosio gel electrophoresis. and transfer] ral
to nitiocethilme memhame. The meinbrane
was probed with a 500 bp Spell-Seel fragment
Pomo p Y1001-11 PT TOPO A frognxiii oil
1156 hp waR present in Arch/ PI if, whereas a
fragment o 2066 hp in Aochlaiid a frayment
42893 by in the wildtype strain was present. A
construction strategy to inactivate MAME(up
and is depicted in Fig. 0. 25The dismission
fragment was cut out of plasmid YfilfiNEEPOT
1020 belt double digest and transicarrimi IC,
Mit:SOO rind Arch' Pa clone 8. Several URri3
positive clones were obtained for both strains
aild they were. sereenedsoiree' intomation of
the constr.'. by FOR ott gDNA after single
closes were isolated. A fragment of 2349 bp
was amplifier' in the disruptant strains,
whereas is the non-transformants, a flap-Milt
61E056 hp woo amplified using primers
11412153,IPSV9 1- in,. (liable 23      lin
analyze the Neglyean fit actin es that were
synthesized by the mutant strains. OSAfACE
was per formed on ghetto elertved front
mannoproteins (Fig. 7 t.lhe wild-type Feel I
4/(s0) gram has as main core type glycan
sukctures mainly NiancGleNAc2 Chmotaral foi
main I; Fig. 4) and a substantial amount of
MansGfiNAcit (structural Formula II; Fig 4) the
latter most probe hip containing an additional
manncse as a result of Ochlp activity
Futzhermore. some larger structures can be
S,X11 The Leach] strait t fics mainly Manr(tick
Au, 



for ink I land a small portion of
filantGfiNAcalstructural Ibncula II: Fig 41. both
of which are sensitive to e-1,24nannosidaso
wordinent (indicated Aneld a- 42-man)
resulting in trimming to lalaatEWN,fict Cat
notmal Routh IV; Fig. 4). The Awny9 strain
accumulaks more 10filantGleNAw is wecotal
Formula II; Fig 4) than the finch/ strain. whWh
indicates that lelna9p is involved in the
elongation oCtly: glyeaa illkapelll 10 OCH
adiViry. The double mutant Aucfil Amcm9
displays a gletensylation phenotwe that
resembles the one akin the ED: strain. I
9IttefinnIc 3 retutenettess of        412,12/ (L12
ce1,2-mannosida.0 etsnsc,leeel it,th
lelanctilchtScr and has a strict Silbstreer
specHealythe 1,2-mannese that is linked It the
11- I,3-111,11111,) of the conical arm'), Ti,
dae where the 3fiVS1 gene could be
mulagunized in order to shift its substrate
specificity towards a 29) Golgi typo
u-I,2wittnaosidase, the primary sequences of
several ER type mannosiduku were compared
with Golgi type marmosidases. 011C EON,
that is different between the two classes was
identified. In addition, an oligosaccharide that
yas mystallked in the catalytic site of We
Wolgi type mannosidase tnito the yeast
PCPS/ wan also analtsal to identity possible
interactions between sugar and protein.
Surprisingly, the sank, cites weir, identified
using both methnds. 25The MES1 gene
frOMSOC17,03111!CO? Cerevisioe
(Getifiankrza Accession No, 749634 sgd: RR
I131W) yes mutated in order to change its
sUbsucfic specificity. 1Mme nmtated versions
wem made: two with one IThiWtion FR273L.
and 112736) mat ono with 3 mutations
111269S/S272(i1R273L) in the same region:
A) R2131. (arginine 273 to Ieucine) 3019)
R2736 targinine 273 to glycine)
C1192699632726492731, targinine 249 to
serinetscatito glrgi73 to lcucine). 62  All mann
heat sacre made using the Quick Change
lititiatagia44 EntAi, kit. Consenct, were made
to express the 3 different mutant gene, undo
COI1W0i arthe slicing constitutiveMI promoter.
Oligonueleotides COAL TATCCCE5 FICGCIA
icKurccm GATIC rim! FA [GAO SE() ID
140:40) 5 and (PICA f AA:SA.104,4C
ACCCAA I OA Ts? GAACCWCIA AG ECG
;SUE ID NO:111 Welt USOtitaaetteraleirttttatst
12,731" and olinonuciemides
CGACTATCCEIGTICOGNICAGUI WW1 I GA
1 ttT4 ITFIATLIAG (81,0 ID NO:-l21 and C
ICATAAAAAGAMI CACCACC I CIA IC( GAM-
etastAlAGT(X) (SLQ ID 14021)1 were used Le
Alain mutant 132736 Laing the wild type gene
tel a template. Oligonucletaid. 



10 MTGE ITCGACTATCAGTTICGCAGGA
1<gaii MEC TTITTATG (SEQ ILI NO441 and
CATAAAAAGAA 1/AC CCA A I) a
IMCGAAACTGA IAGTCGAAGCACC (SEA)
ID 1e0:15) wets mod to obtain MAMA
1)24.11)(32726.142731. using mutant 142734
as template DNA Via FUR imetion ming
oligonuclezaides CCCGA 441(IGGA It CAT
GA ADAACTETEITCG(11A vac (SEQ ID
N0:46) and 15 GC,GAAGCTIAACOCCIG;'AG(
itignICCOGATACGGCACCGC,C(5CACCCAM
OAC CAACCIGIGG ECAG (SPEW ID NI :471
the coding sequence of an Ewag was added
at the grid urn, maim; andwild type MASIopen
reeding Frames to (Mow protein detect ion
after expression. Ao overview of the
construction stratcgs is presented ut Fig. C.
leo                  iltreeex,r,at.rtieta. at Well as the
non mutated gene OIS a negan....,C,11111n1
wets 20limstiormeW to A ,e,vi,ine strain
11W27 IMAlu lc& lira? gill It is I adeg lyc2 rich
1::LET12 moil dig A I innate:ADES1121)1 as t
selection maralter digestion of the plamtists
with Xhal to direct the COOStWOct to the TRF
t iocus inS nerceisha genome. The latter strain
it able 10 ',FilltileSize uni Mtn Alen)GIANAG
(on its glyooproteins lithe IWItated enzyme is
active tips AlanAlleSeAtec (structural formula
I: Fig. 4) should he ti emend to elanWPWNAcr
2,(structural formula IV; Fig. 1). AlanzGigNA5
(stuictiotal Caustic V: Mgr 4) and/or Matet
ildeAci (structural formula VI: Fig.
yptonhan pretetrophic strains wars isolated,
grown et liquid gla imp medium and ninnimm
Mein, were prepared. IS -glycians derived Pen
MalITIOttROOOW are cc analysed via USA-- -
can he appreciated itOM rig 9, a atoll
allOOLIIIi ci IatinsGaN AA tqlUetlItal tot in ula
iiiit I- ig 43 floe the strains that contain the
122770 and 14260)4S27212.4(2731 mutalom
we connected to MgetTENAcz(StrtatUra [
[bIllitIkt IV; Fig 4), Man,GleN4,- Genctural nu
math. V;  lig Canal Flan TileNAcf (structural
formula VI; fag, It. The expression of the taller
mutant or the wild type gene goose an altered
NiNcosyladon phenotype. To evaluate
whether all 1111.14111LS e equally welt
expressed, a Western blot analysis was
per:brined using an antibody specific Rur an
[Stag tall amino acid epitope added to the
FINS' Noteins) All interior prolehm, as well as
the wild-Rpm FINS I protein, were expressed
equally well. Example 4. increasing l'hosS 



Expression of YarrogieSol4  mumm ease the
phosphorylation of IrlansGRITAce, Yarrow:, lip
10homed ue of Sian P. pumonswas
0,ercapressod it Yartvatia bpaprics 50
choniote nile core type phosplrotslation of
Isrglyisms FIN coding sequenceurine
(1111,0,1 ;pal). 1(.1 MFFT (NM )01?217st
A1,100241010 gene was whiled using primers
CIGEGGATCCATGGTGURICACCCO ITN I
YWNN4 Bacilli (as SEQ N0121) end COCCI I
AUNC I Al: 1t A AMllt.(I ttileGAATte 171424N4
la ,ler//11'; SEQ ID NO :25). I his open Tailing
Rein, OR ) was cloned situ the plasm ad using
Damn and Awl 1 sites, which pined the ORE
under conned of the hr4d promoter of plasmid
pYll IURAS that Sallia441 iltr C/RI mit ellL) aS
selochon marker and the /eta sequences for
imp:0,Ra taindom integration (Fig 10) Pi tor uo
Cansfoinwtion in the tIll 76C Ace /s I strain,
the plestnid oonMilling the NINNa 20
expression cassette wee digested either with I
So47111 for intend:0n in the UR43 locus. Paul
for integration in the difFINI Weer, or Ran
tlBstB tEat tendon, iotegi Chin lnans fonmants
targeted to the URA 3 and Abgbahr locos we-
anelywar by PER using a pi icet tenon laNd
proNoter and one in the LIP2 terminator,
Tianuforments will, tendon' 11110L111111011
a.aflla. constinet weue eyftwated by Southern
blot malysis         Tin real aisle wheat ,r:r
mannwolaisphoryistion was increased we
analysed N glycols derived from seugtsal
fulgeopwRins all 4P hems culture in TN)
mediuns by OSA FACE mwillarg
elecuophowsis thm III liie sssaaassiof Malls(
deNAc, (structural formula 1)M4S drastimilly
Nduced it, Etvour Nast stiLICMIC, it mu Jai
grate frstor NOMpared 10 MaNGIGNAc:
;structural formula': Fig /1)) and Ihat awl likely
it u cocain ono (PI (sins-mind formula a.. or NI;
40Fig, NI and awo (PP) (sit oeunal
101111111a XII: Fig 41 phosphate residues,
respectively (Fig. I I I. Thus, it men he
concluded that ale 1111,10111 integrated
eXplaSS4111 cassettes peitaint better than
the  cassettes inleerisod iii the 571043 locus
Cr Us iiSVit'4 leeited highest 'evesospherotim
MSUITItine both 'Nana derive linm the
Man,CaleNtaa; (Muldoon Sirius indig 43 peak,
[ha 3MOLUIL tnt Man,GlennAc2
cuovalladphos1'lasty1alcd Elyeara WP,
quantitated 0 able 53)   



Table?.             Phospn  N-giynan stroal
Iseipht area 



sianalStatas 1(1 strain dacha     M82P (struot
TOM XII) 18 303 13262812 eviO4,  MOP
(stract form PS or XI) 261 3252 . 783219  M8
(cti net form. 1) 928 22815 



8l 32055 21.02255    22378 100 15         N
signal  052ruct form X111 1310 19732 



27,16773 oi 1,83  'SOP cst,uct fern. )( or XI'
2225 39232 54,03506  OtCorm11 232  18
02711    7132677, 04  tile10    



[ram PAZ2   %"Pflai  182P isfruct bin) 1162
17852 27 75222 83 01262'  Mala slinct temt X
cr Xii 1002 35231 55,36084  MS (shut :arm
419 



10747 18,81718 16.887'S    03040 1001001
lnble a Lege id deigla aad area rale, to the ran
heir nna peak are, a= delarm.ann from
elccalnamanna, 25signal" rale, Is the
7repar0.41 it end, .),Ciri ill the N,216hes it
muse The cents ore idantified be astetklc dap
Li the pa-Donlona ph,phaanared
Stimain2,topp mud Lha
ppaponiunano-pinaphoryLated
alanpa3n2(bottorn)         I haw insults Indianan
Thai more than SOSi, of Nian,Rin:NAca
(structural formula I; Fos 1) that N. present in
the parent Aoad is phosphorylaled:Amin 0101
0,1 ex 0tesSeS Hoc 7131554 30 Eseonate 5.
Mcdiho Hold-linked Oligosaect Endetn.asi
Nlatersd Methods 05
strains NC 1(61 or TOPIC) or DII5u were used
for I he amplification of recombinant plasmid
DNA and grows in a thernml olsakirot 27C in
Luria-Broth ILDO medium supplemented with
100 ughal carbody Wm or 50 uphill of
kanamycin depending on the plasmids used
5Promo iolyn0fieu WINO (mu3 le u2) strain
was used as paront strain All you strum swic
cultuted di 0 701' Moth OtOF .Hey were grown
on YPD medium (2% slextrose, 27h
bactopeptone and 174 ;cast coincp or
synthetic dextrose complete lSDCS
meditun17% tiff B wfo 



ammo acids and withom ammonium sulphate,
Phr glucose, 0.516 NI RCI. 50mNISThea
phosphate buffo pli 6.6 and 0 0 ME Complete
Supply-mem Niisturo (Obiugye Inc, Mogan
!mine, CAll. I 0For selection of Bra aid Leal
transformants 0 077INCSNI -mu or CYO -lea
was added respectively. SOP aLlid genetic
irehniques. Tr msrorma i'el In al Y Or PO, I'd
lipayaC37 were prepared as described in
Doisrame et al (1996) X.tn. 77 i (20), II
66S-95, the disclosure 15of which is
incorporated herein bore threisce ill its
cafirety. fieminic DNA than ail yeast strains
was isolated using a published protocol
(Epicenter Kit catalogue No. NIPY80200;
Epituder Biotechnologies, Madison, Ull). The
protocol bivalves non-enoymatic aol I lysis no
65'C, followed by removal of protein by
precipitation and nucleic acid precipitation and
refuspension. PCP, amplification was purfoi
nod in a Ilrwl volume of SOH containing Sul
al'l Ox buffer 20(200mN4 Trish ICI ;dig 4 and
500 inhl JOE 11, a. variable quantity
oSMgC12,2.5uNI dNTP, 5Ong         isle. 50
pure of the 50011cr primers and 2.5 trolls of
either Tag or PIS DNA polyincram. Cycling
conditirms IPSed '0.,1'0 as follows:
denaturation as 94C for 10 minutes followed
by hot start and 30 cycles 0F (4C (Sr 45
seconds, notable annealing temperature for
-LS seconds and exicusion at 72C Srf I ',Maim
per Ids folleued by I ornin of extension at 72C.
DNA fragnamin (PCR products coo fragincrop
Ycovered from gel were purified using
NucleoSpin extmot It (Marl oey-Nagel) DNA
sequencing was performed by VIII Genetic
Service Facility (Amwop, Belgium). Veda,
017,07,1 1331 30iii Knock out (gene-replacy)
ofthc A1sG3 gene tire prrsrrrorren finginenih
At 63 gene tGenBatilst Accession Non NM
503488. (Rooks urealOtoOl 190g) woo
amplified from genocide DNA of the Yarrow.
Iipoiyric en Inf FLAPby PCP with 66  5R.
AffiT0C(100CMCACTCCETCTTI1CACICACT
ATIGY (SEQ ID N0,18) arid IddA I CAC( it
101TATClien ACGCTCACIAICCAATTGT
ruGGIGG1 C3' (Rad ID N0:49) as the forward
and reverse primers, mspechiyels, atom 5 Taq
polynamase Onssrogent I he of erhanging A
nucleotide was removed with Ti DNA
polyITICIUS,(11conworan. Ontario. Caisson
S. 5The terminator fragment m of the ALGA
menu was amplified (hire, mooing: I )NA of the
Yaryoh Spolstino 5111,160 slrtsii, by PER with
reiTAGGGATAACIAGOOTAATECTLICAAGG
ACGMACCAWA. < (ns.( LAC! (CITA FCCI3'
(SEO ID NO:50) and 



5h3ACTIE1AAT
i'AAACCCTATCEIGCCACCACC 'ASSA ( ICI
Ca(SI5() ID ItsNO:51) as the forwod and
rovers, psimoss. Inspect weld, swing tile
proofreading PM DNA polymemse
(fermansas) Because llit,larpbig srmpeee
somences containing ass 'Seel reriction sine.
bosh fragments youtd* linked by PLR wish she
Mfrs-atm] rod the T reverse primer. This cm
amplidon was then sok tont iris OR-2 I I OPO
IA Onviuogens demos and Me corms:Lamm of
I 5the esmunglieosisSCOULM,C INHs
hoolinued by sequencing. The coramplicon
was nhen cloned using the Norl-Pach sites
Wm an into mediate vector. (iii0wassprossion
of tile Al CM gene. The ALG6 ORE5hp)
together with Ilas sown Massa (41(1m
downstream) of the Al Of gene ttienBankas
Accession No. NE1_502922, 20 Comic:yore,
YALIODI 702811 woecloned from genomic
DNA oldie Van who hpolynya Pull LY60 strain
by Plat with AG I( irVICCAR1AACTC1CCTATI
r mAci ACC63: (SEE! ID 5O.52) and 5diAf (N
AONA AdifITCCAOGTFACAAG f GTI An.
31SEO ID NO:53) as 1110 101 WML.I and
reverse !mimeo:, respective: 55. using she
proofreading Pfti DNA polondaso Onsimentas)
he sequence was cloned in pCR Blunt II-
l'OPO Ilnyieuecid.L1 the 25 nonenumss of sha
AUDI ORE seduence was cos ris med by
sequencing las above). Ness, the ALGE On
was doped in a vecior (pYI 11mA) containing
dm hpfld promoter yia Baml II and Awl, and
sobsounerdly cloned in Ilm intermediate vector
via Me unique restriction sites Cal MI6
bhisssllli p1.7,211t tn the terminator fragment
of ALCMs.  iiic:ahiot, leleiLnods 5501:the
disclosure of which is incorporated herein by
leferenyyou expression of the Ore
tuconsbinane num the plasmid pRILQ7 (hp4d-
ore, 2022) (a gift from the InstitutNational (IC
Reelteruhe Aguinumique IINRA)). the no-her
gets excised by recombination between tile
MO hen leike. kl both consti uets, with and
5without the Al .f,6 overeopression cassette,
the 1115A3 solee7on marker Ilankwl by Ms
tiles, was hweded in the introdneedsite
between P and 7 fragments of the vector,
result7g in it Prnpuranon of wan,I Algrown
(suet nrgln in 10 nal standard UPD I 0medium
in 50 ml faloon tubes, rotating at 750is s 75 it
Meld-Mot. Ithe cells were then pelleted by
centrifugation at 41510 rpm at 41.1 I he
supernatants were umooed. and the cells
were first washed with 2 nil or 9), Ne el/lelton
followed by two washes with 2 ml of water and
subsequently straportclod in 1.5 ttil ot 0 07 Al
indite/1 Locate pH 9 in a microcentrifirge tube
A tler autoclaving. die tubes l'nr SO minutes at
1200, st., the Tubes were vortexed and the
Dilutor 15debris was polls-led be cent'
ifugation. The supernatants svere conected
and the mannoptooms 



were ptemptimed (tomnight with 4 volumes of
methanol at 45C wills rotary molten. [lel
preeisrilalesseiII obtained by emir i fir0atios of
Ilte alcohol precipitated material Ilte pellets
were allowed In dry and dissolood in SOO of
watch 20Sugar anonais DNA
senttencm-ssnued (DSAS,
fluorophore-assisteal carbohydrate
eiLleilleeileleele 071(ons iscrfimmeci with an
MT 9130 DNA sequencor as described by
Cat:ow:tort el at (7001: a mond. lb tone,
glycopreteins somu denatures' tar I hour in
RCM bittllbt I 851 tree. 360mM Tr is pl 1 8 6
and 3 7 tuMZIA) at 502C followed hs
immobilization VII a prewetted PSDFsine, of n
IP tante containing 15p1 RUM Prewetang
oCtlie 25 was done with 300p1Me011.1 anus
wsshed wall 300p1 soarer mid 5041 ROT.
Ibilowed by vacuum reniuvut
11.13slyeopioteins were reduced for I hour
wish 5041 0.1 St dithinareintl and washed 9
times with 300pl ton let. A 30 minim.
illellbation in the dark with 5041 0.154
iodnacetio acid was used al Dabodyntethylate
the 501 groups, followed by 3 washes with
300p1 water. 1 he plates were subsestuently
:mutt:owl ter 1 hour wdls 100111 10,
polysdnelpyrrolidone 360 to 50saturate the
mtecattpicul binding sites., the membrane,
again foElewed by 3 (oashes with 900stl
water. Next. the N-glytaits woo: 'classed by 3
heel, tearn-lent with peptide: N gIsseoLidase
(13kCas,Op I or lOmM nmacetate pN-glycaes
were recuperated an- dedvatizai w.ili die
fluerophoo 8mminopyierer ...6 ;te (A PTS) by
reductive :,111ilili11011,1 nwns ace lintplislied
with as overnight (ON) incubation at 37`C.
with I bl of 1 madame of 120 mfd APi Sin
1.2Mcinie acid and I Psi NaCNBI I in DM80
and quenching by addition of 401 water.
Excess label was removed by size
fractionation on Sephadex 0-10 icsin   he
remaining labeled bablycans were then
concentraied byekaporadon. The N-glyeatis of
lb Nam fi and an olignmaliose ladder Welt
indUded as size markers. Data malysis was
perfra wed using rienemappeon software
(Applied It iosystems). Cl ycosidase digests on
dic labeled sugars wow performed ON as 37C
ill 100mNA NI 14AC p115. Additional Jack
hems (113) 50inannosidase was added nem
ON digestion and left for another 2-1 hours at
377C. [fit  r r" me in l'arvaria  



To disrupt thy ALIA gene, vector was
generated that includes parts of the promoter
and mtor or Atti3 and hooa 1.19 At selection
marker cassette and was designated
15TB/I-1103 PCT. A Not1 and bac (sire were
integrated to linearize the vector and thereby
remove the F. caill related DNA elements.
Doable homologous recombination as the
otanoter and terminator site was used to
replace ALCM, with the UltA3 selectable
marker, which insulted in 7311      b10
VitoIMIlltS:Main. The knockout strategu
applied was deSCtihed by bickers at so/.i;
YZIpPO)MILi to abcs use of do Creriox
mcombination system, that facilitates efficient
market Mtrescue. Upon integration in the
genomic AIG3 coring the Alg3p
m-1.6-mannosyltimnsferase ruby ity should be
lost. Ibis seas monitored by analyzing the
glyeosyladon pattern of 1111! mannoproteins
of several transformanna The Neglyeans
derived Crest immiwproleins were analysed by
DE A* ACE (capillary electrophoresis) and
treated with aselection of califlycosidases to
reveal the struMures. Seven out ob2-1
transformants gave a change in glycosylation
prattle (three is f which are depicted in Fig.
13).all seven transformants; corices
11111f the knockout cassmte in the penome
could be conlirmed by I>C16 Thee 1711111
glymin structures were found by analyzing the
braider CO one (structural .1rtinila VII; Fig. 4)
dub mils at the same size ELSthe
MancGIcAAcc stria:too of RNase B (the latter
heiim stuictura 1 rontila IV; big. 4); Alt one at a
distance of one glucose-unit extra; and (iii)
one LV: the dibbled or two extra gl.osuunirs.
(Mb IS). These results indicate that ALG3 was
do-spied is  tIbmannosyltransferase Aleo
Ovrrrrnrrosio A strategy was developed in
which a conseutiscly eche eta ospression
cassette for the last gmeos),Itannsferase. i .0..
Alep. was incorporated into the ate pee
replacement seer. 5Dais seeine,. designated
pYttalg3PLI-AD136 A Nod/Tact lieginow of
this vaelor ,as Transit, ined into the Yaresia
hpoletra WITT8'60 sen1111. In this way. d
isruntion of ALPS and ovetexpiession of ARA
under control relater lip44 piaamter is eche:ed.
Correct linear:eon in the zenome was again
coal-mile)) by PCR USATACT analysis of Me
N gleans dental lawn mannoproteins showed
that half ol the timallottannts, i.e., 12 out of 24,
exhibited a change in gleosylation pattern
comparing to the WI swain. Gee posse) of
4166 led to a mild clonal variation (Fig. (5)
Identification of tier Nwean ea To farther
dueitlate the neva of the glean structures Polo
the esperiLtlreeesee050ribeii 



15above, Mee digesP olglyens derived eel Ow
mannoproteins (as abosoiwerepcnlisreteod
with a selection of exonlyesiclests. The
menneprotein gleans were analyzed with the
Wowing enzymes: it-1.2-watmusidesta
oboannosidese Ole and glueosierse II Three
observed glycansteetures represent Mune
loNee (structural formula VII; Fig. 1), Gkelen
leNA et (structural formula VIII: 14); 4) and (
ilesMansfilcNAss fstraataral i0/1111/1,1 IX;
Fig. 4) (big. le. 211These results indiele that
thew [erect !(ate to no high maltose elongation
by tt-IP- rr,annesy1tranfrrases to111).         To
determine iF AL(26 ecreptessien is necessary
for promoting teglyesylation s Inc.occupancy.
lesse 2 (Li P2) Item f ,-e0 YVii2 lipolytica was
expressed in Wren dileret strains of l'arrou \ 4t
1 Veil. NITLYtininee and NITLYnietetAten. A
construct for the Yawed. 25 1 ipoly lea LIPS.
ander coninsi pia TEE constitutive promoter
was Obi,liflai tram INRA. The expression
Gestate uses Irarnacanicd lo the
above-mentioned strains and Ow expression
of the protein we veiled by subjetinp the
supwootanI prepared Eventhe Ownslagrocd
cci Is ha SI le Pee analysis (Fig. 28). The
Lip2p protein he 2 plyesylation sites. leap
protein derived from the calge_lealt, cc
(eknockettle yeast strain was resolved by
SOS-PAGE into three d 'env: 3()hands !TM
WQ1.-t: nisealiceci USillsCoomnssie blue
staining of the gel (Fig. 28). To coreim liner all
three Pres of protein ice WCaal sas, different
giensylation forms ()low Lip2p probe).
1462piss,btoit ted itemieient jetrnockout")
yeast strain was subject to tneatinbc with
PNOase F (an enzyme that icnioves
eligosaccharide residues moat glycoproteins)
and then sub:4:661 to 5175-1366.1n analysis
as described above. Treatment of the Lip2p
protein with PIShiase F se.ssilt.ed in a single
hand (which had The same molecular weight
as uonsglycosylated 5I .ip2p) on the gel
following Coomassie blue staining and
indicated that all three Coons of diodin
pievsnisly obseined acre different
glycosslation hums oil the sainu Ligbe
imileculc 'the mine is 111111 for the I .442p
dei ived from she alg3AL(.36 brain.
llowever,11.101111101.111t Or protein in a
reduced glycosylstion fonn is decreased.
Tlnis, it call be coneldled Oret oscrespicissinn
of A1.66 cut (at east partially I restots N
gly(booed in the aigi II)knockout inuereb yeast
strain. Rrtti(alticose Structures         Next is
rhita,ittalrtt,unin (situetitrel Poimills VIII; Fig. 4)
and 14 gleicosylmed (structural brothels EX;
Fig. di 21anstlleNAe2 (strianoel founds VII:
big. 4e structures in vivo, cell( were genetitolly
engineered ro ovei6xibess the a subunit of the
enzyme gloeustilasu II. lire re subunit
glimosidase II of Yarerm (GenDankt
Accession No: ssPel 51105741 and tine a
subunit of glueosidose II Trey HEhod hrucer
(Gen(lankeis: Accession No: AJ8653331 write
independently cloned us too strategies to
oyerexpress the protein I lb: a sublet. of
glucosid(me It 



i7pa 170$0/7217el W.:1101011Si.. its natural
substrate is 52lehlans66NAL.2 isuisie Isrt
20Ihrmula VIII; Fig 41 Both genes we, e
stoned under rsstntrinI of the consIbutirs hp4d
dame, and theft plUsIllidS1101111i11111041
met -hen. Mese COIIMUCIS were transionned
into idyl illthara yeast sheds, both whk and
without ALti4 nverespression.
oridesW1111C pie pared ham secreted
proteins derived From culturcd eel is
containing We ?011,11LICIS And the profile of
the oligosaccharides was deWTMillUd by
0564 Al: imalyois All transtirmants geve the
same I/SA-FACE prof Ie. two dillerem clones
ef each glucose:resell a are depicted is rig 29
Fran thesu boosults il was eanoiuded that the
overexpression uf eiiher the Yarrowid or the
hosysashorno gi.osidase II a subunit hss only
a mina effect on the amount of mono
(sToctural formula VIII; Fig 4) and
In-gineosylnled (shut:tend Iambs Ix; Fig 4)
MandSIoNAes (structural Formula VII;
Figstructures.  lix mthmou of 6icosidare TI
cs-robooils of Nthromo Poo/pima and
Tn'vot000 not heir, 'ci lace-will an IIDEL
sequence To improve the effect of the
expression of Kfistheic m the Iicnsorsrslloro
subunit On renioNng glucose esidues from
IdansGleNAca dot V.TVO. n nucleic acid
encoclillg on 3WEIochned using molecular
lbologu techniques in frame to the Tend ul the
nucleic acid encoding meh of the two PS Intl
ke way Ries the I I OH Tag was meant to
some as a rethieval meefithism from the Clolgi
to the ER. Plusmida eigoeing HDELmigged
Omosidase TI SeillEllCe, from both Ififirobth
Rpolicica fill and Tfimanosmio betrn" (r )ander
control of the hp4d promoter were transformed
to ON aIg3 KO soraiil with and without
overexpression of loMe Al dJli gene As can be
seen topic. 30. ovcrexpeasion of Ike Yornnvia
glthosidase TI u sobtinii had oioTyrooinrr
effect on the amount of glucoselated alumna:4
ill CUI11171,1, memo:leasing die 1,4
ilnanqdase II of Kafinuosonta fried or SlIbUlliL
With >In 0:01-0 1 DEL tag leads to a
2,111C11011 of the mono-guicose peak Rea
Fig, El) 15"Ireiliment of gimosviated glycols
with  Muiaroce TIENbove-desoibed results
demonstrate one exemplary means el rotheing
mono-       plated c011115 of Men:Pik:NA4, To
reduce hiilueosylated forms of MathatheN4e,
from glycol:amains, the micamise of 7,
harziamon was investigated as the noel:1Ni
solo loth An enzyme prep:Minn was obtained
Rom Novazymes (Novozyme 234( Bagsmerd,
Denmark) and 211was used 10 Mgesi:
ofigothecharides is vim). That P.:, mutat:aim
was aided in Tatham CMIC,111V1110115 Om
olIgovaccherides &rived Rom a a/03.4L06
:Train (glyouis Nan MileNAcE
GUMametleNAc: and kilmMamedeNtheth As
shown in :he OSA-FACE fitothe of Fig TE the
bimlipeese penk oeserved ii, tile
oligosaccharides was effectively red tired 



Next, ihe 110.161080Cionionum tam
overexpressed 1:17 ViVO"All IIDEITsempence
c031,111111g imilanusevfith synthesized as a
codon optimized QM:A Owespression it
YUM,Wia 11,90krial. Site inaturo mthein was
eloited in frame with the l:1102 pre signal
sequence under control of thc TEE I
M0131010 (F;g 33:1..1 his constaia is
transformed into a/43 mutant yeast strains,
boil; wita and without A /X :5 ovemapremion.
Oligosaceharides one prefiamd [Mtn cultured
cello containing the DonthotEt and the profile
of the oligomethaiides is determined by
30OSA-FACT analysis. it is expected that the
OSA FACE profile will show o reductiun ill the
bi- glucose peak observed in the
adipose:Thin-ides. From these results it will be
concluded that the  Tanits s-ito, is effective at
reducing the he-ti noose ak ned its it
wroxprewing the inlanntiSe. co_or Yla- ant)
JSsLibunits now- and -ass bLritilss F
elueosidabc I looms heteuedi tactic complex
whereby lisa larstawniit,onsalle nur!Nal of the
ecumplcx to The NC and i= aka invnIxed in
substrate unonnitinn. who] eas the u-stiburni
contains the GataNtie aerially. Since the
owerexprwssion ahmly the arsulmuit
oislucesidase 11 had a smell effect on
hi-cleanse oligosaccharide wucturein the a-
and pa :auburn= Welin co-expressed
Thenpen readine frame of the
subuni:DiALIONO3.632e) was ainplifinal Rom
gcnonue DNA that war isoland II em the All I
an 60 Dram using PCR and was cloned under
control all the FM and hpuld potnetan TN.
CCP11,111.1C13 were made with I.E113 as a
selection marker and with the glitcunDace II
rbsubunit under control of the TEF I and the
hpuld promoter. hese Wein innt,liinned to the
en,g knockout Drams with and without ALG6
nverexpression and 15 exerexpiesdng the
Yeternnura pub tie it CninnWitInsc II rt subunit
with and without an I HALL sequence laga N
glycans were prepared front proteins secreted
lium the nulls and the IFSAAl. le pinnies of the
D-gbucans are depicted In Figs. 33 Ulla 1.alg3
knockout e. overexpression of ALG61. It
yenenneluded Irwin Nese Donde= that
ovelespiewing De subunit of glucosiderse It
Went Yarrols la /polodid have apositiveel:Nit
CM titet trimming of 20 the elueosylated sago:.
In gee coal. theefficacy of the p subunit of
elLICO=idase II was improved when
expressed tinder the !EF I pE-01110 kW Flue
0luen=y1nred orrnaelraren Were cacti mare
reduced when to lonxbeet Itaren.utrea
glircosalase II a subunit contained an I IDLL
Lag (Figs 33 and 34) ler alg3nrelleient cells
withuot Al_66 =WON, pression. harbor result=
legarding reduction of eluensylaled structures
were observed nor each in the dint] Dui cell
population= ti-ig IS) 25 



lidaression al rauseerenanNIsll a and b
subunit         In order for the glucose residue=
to be 1C1110fliti 1313111 rite glucose Inca
-tan ate natures that occur in ab=3 deficient
background. the 4 rateixii lux rower muffin:
(lackine signal peptide) Dutosidusell or Did ii
were syntlawirod at WililiillWeptimineil eDNA
for expression in Yarrow la nit ISE()NO17: I
las X6AWOHIINsubunit: (SF) IF)NOult: Fig. 57
nigcr (An, gtssconidnnrownrrsiibnn was dorttie
constitutive115Ft and lipsld promoters and
had URA5 gene as a selection marker.ssion
(Asset-mai/1(Es code, control of IRE I and
Itp4dit were transformed to larrowm Apolpitico
al83ALCio stiata lbansformarn candidates
were grown in VI'D and glycans front secreted
proteins were analysed 5by I 01A-FACH It can
he deduced from Fig. 18 thio the two
glueosylated Al11111.110SnIC less abundant
in the tra.forntant strains compared to the
tiondransba want thigiAl         to 1111111..X
WAR, the gliiensylated glycan structures a
construct is made Will, P-StlhUlli the
Aspergrilus niger ghecosidatic II under smooth
oLtitEl promoier or hpid promoter with us a
selection marker This con:bract is Ilduntlyined
io Y11710ail/ bpolpicr, algi ALC,6 10athain
expressing the An it ocosidase I tto,nrdsuitit. It
is expected that expression lithe of the
ilspergilltos qiger gl ucostiJoSe El Will residl III
a &CI Cate WI glithosylated structures in
Yarrowin Ispoltara coils. Itler icatio  Mate
H4C1 Intl-on and Cloning and Isolation  niche
HAG1 Gene           13 Apo/yaw HAG/ to/ice
one. On the basis of sequence homology
between ii ,c int renie 1th:innsor I lAtt ii,'
Yornorto iitrilyrica and the fungi Mehoderma
rennet and A itergillur nidulans, a potential
splice siwrorrowin hpolyrica HAG I (fink:mkt
X0:50081 I, Germ:eoliths: Vali0B12716gi Yds
identified. The 5' and 5' splice sites went-
pralietAl to he localized in a characteristic loop
structure and the intron was calculated to he
29 IT tong. 20Primers wet-c- developed
around tlth splice site in order to identify the
:Mon. (bat strand eDliA was synthesized Ikon,
the isolated inRNA Flom an I PR tuniilded
protein response) induced (by means of
growth in dithitotheitot OHO)) and
noithinduced cultune fnegative control) with
gene specific prim/ins. VCR. wits then
0thformed on first strand using primers MAC
FW06- 003 and HAC I Ry06-001 Amplification
products were analyzed on a 1.555 agathse
gel. 23A fragment odb-i- 400 ['puss expected
to he amplified for the nonsindueed colic; o79
his SITMIlef rragmcca was exit:Ailed to Ise
amplified for the induced cells. Iragmentv suite
wnco 



time non-induced cells and the t)PR induced
cells. Two more amplification products wd c
obtained for the UPR induced culture. The
middle fragment was the Sdlfle nice aS11):::
band nittnindl for the non-induced cufture and
was interpreted as heiith 30crispiest] HAG I, 1
sr lower, most prominent hand was purified
from the gel and climatal into a sequeneing
vithsor Atha' scone:Icingthe constiact, a
sequence alignment was performed in eider
Lit identify. thesplice site Fig IS).aalignment it
can be seen that the splice site is located at
the position that was predicted Join the
comsat [son of the Yen row la I ipolyl Ica turd
the Ilingal (7 richodenra rec.(' 4.spPrgilheA
iflin em.$) HAC I sequences. The splice site is
29 bp long            ORthr iS boric isairery.nty
DI! length I IAC I sequence, primers were
engineered to base restriction sites suitable foi
dooms into an expression vector.
i'rirnnerseqrences were. as follows:
ilaelyIRY07-018: CC I A( gilt A( I CCAA I fCc
CCAAACAGGI UGC FGACECTCG
ACTCATAGTC3AGC rAG A ICACCAAI
AAACiTCG JED ID No: 51) and HAC I
Fw06-002 .GGA rut: Alli I T A !I. I (IA AG 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
UPI< reysouse. /Droving the incubation. RNA
was isolated from the D'EF-treated cells and
first. strand oDNA was somata ft om the
isolated RNA using reverse yranscristase and
1C using the eDNts, as a template and De
Jove primers. The ECR-amslified seDenee
containing the spliter HAC I was inserted inio
the pat 15blunt-TOPO clotting vector usine
standaid multmulat biology Delmiques and
sequenced.        /Salvo posionv H-1 C splice
s/or. On the basis of sequence homology of
the intronic regions of De lc in a ram ors s and
Sairehargannees 0,11,1i-icie IiA(:1 genes_ 0
potential splice site to the I'm/no pastor s I AC
I gene was identilicl JD 16). the bb and rsplice
site: were predicted to be localized in a
charade' Hie. loos structure and De Mutat was
calculated to be 322 20bp in length.
Primers Cl IACiFw06-004 and IIACIKH(6-00!)
welu developed around the predicted splice
site in order to identify the is sour (sec S able
41 A fro girterrr of 257 nucleotides was
expected to be amplified when the intron is
LAAPICAthl Athl 579 lair nagment if intron is
still present. first strand eDNA was
bylthileSthlth jthP111 the isolated mRNA nom
an LER induced and 25non-induced culture.
The UPR wee induced by Ali.110/A AtuNi DI
friar llt in I culture oaf exponentially growing
sellscetls were colleted in the pi esence of
[SIT for 1.5 hours. 'Esc amplification product
was analyzed by I 5agatose gel
eltehoslitaresis A fragment of approximately
257 bp was OFV4i00(ifoam's DNA Item both
atoll-induced and induced cello- iiiTable 4.
Primers 



Primer codeaugust...5 -.5 a  sequence 5'-.>
3'Information  CAATI'CATSCCCGTAGATTC
Ferward mer Hoc, gene, start cedon and
TTCTC GEO ID NO%) Peernl srte
GAGICTTOCGGAGGATTCA Fornard prime,
Heel gene rep,on around 5' G 'SCUD 50:571
splice site  CCITGGPAGAATACW.GTC (SEO
ID NO 58; Reverse primer Heel gene neer
siceelen  CCTAGGOTATTCCTONNAN PA
In.CAPAG I C (51:010eevrtsn Friine, Heel
Core + sloe <Ogren avd NO SIRAug -Re  Grn
IATT GCTGAGCCT Alt C AAA GEO ID NO
EC)AGI brGcLoninser for URCR
CCACCGATCCATACCIGACT ACT GEO ID
NO 6-AGI reverse pr mer for (Wein
CGACCTOCAATOTGCACTT CM ;SEG ID
1,10:62,I lac I Ion:GM primer RICH
COGTAOCAOCTPAGGOTTO. CPA (SECS
ID Horse)I Gel reverse primer Gran
CCACCOM.OTOTGI rljAllCr 



/Rn (Paulo NO:611Kar2 Ibrwael o me, OPCR
NOANG I 051GGAA IACCAC RSA GED ID
GOAN ILKr2 roversurimer PCP           To
verify the lerig1ti Sr the unsplieed P. nu sioris
HAnIi goner. VCR MIS performed en gene.*
DNA usi g primers I (AC I - Kari and
IRCI5,06-005. tIter length of Re obtained
fragment was compared with Me length sTe
PCR product elite ING finlre Ihe cDNA from en
5 induced cell eau w The arnplilied Requiem
Ryon the genothie DNA is about 300 bp
longer threwhe amplicon deri3ed Me, dir.
eDNA using he same primers indicating that
Ow iigron is present in Me gcnemie DNA
soRgrnec Moen from the spliced inRNA.
The cDNA fragment of 257 Op was isolates!
from (hr gel rind cloned in a sequencing
vector. The fragment tyss sequenced and an
RimIces pei roomed in order to identify the
10splRe eireffie. 173. to isolate end clone Ow
spliced P. THI.VIIIrt.S HAC I gene, OCR
printers were developed with restriction
eneyme silLs, fur cloning into on expression
vector RIACI-Karl and 1AC1Rv06.0091. A 10
eel CUittlf, WaS 21Plerusdoewl 'del intsID If
for 1.5 hours. First strand 0077 Awn, prepared
Rem the isolated RNA using reverse
iranseoptase mid PCR was suissequently
pertttrined on the cDNA template DNA rasing
rhoaboveThe spiiced 15HAC I was isolated
and cloned in pCR-bluntrIO 10 cloning vector
for sequencing. The spliced gene was also
cloned tinder the control el ale Me hallOt
inciticibIG. AUX I [mounter ie the expression
vector 5raL//28 1X is obtain the vector
paLtfLS'IlopHA C Ispflood. ! he coiled
nisei-firm clime HAG I gene inle the
expression neuter was nonlirrusnlNW and
restriction enzyme analysis.          la
Sawdust/I/gees (crews/am upon splicing. the
cooing ieciaettce in the Ckterminal 10 amino
acids in the non-spliced tril4NA is replaced
with (m olacid In accordance, in Pgrinto
panort., it was resealed that it 'c a of do t
)(terminal 45 amino acids in the non-spliced
IlAt I aro lophieed upon splicing lay attn coding
sequence of again 13 amino acids which ard
tornologons to the ones from the N coveNide
sequence (Fig 18) [Tani* 7. Transformatien
and it tduction of spliced 171Atil gene !raft
Ythrowia !/xnd Inject       Yorrouda bpairtica
edits (MTIA'60 strain) were transformed with
the vector "PYIIMAXIIACIyIsplio,d" omtaining
Mc spliced HA (:1 cl7NA (above) Under the
expression 10control of the told promoter and
the URA: gene tw a Seketiell marker.
Integration of the vector 



into the ;cast gonenic was yen fled Using
('CR. The MTLY60 strain transformed wait
PYIIMAXMACIolspliced was glow!' in a 2 ml
culture in ATC; at 2 VC for 21 hours Ow
cultured colts were washed Nett, with YNN,
then diluted to 00,0 (7.6 and grown (kr 24 lions
YTG hollered with 50 raM phosphate buffer
ph: 6.8. The cells were Den diluted In ODod
0.7 15and grown Mr 3 mow gen,falini, in order
to harvest the cells in the mid-exponential
phaseo the pellet, 1 ml of R NApurels solution
was added to the cells along with 1 g of glass
heads. CAIN ware broken by vigooms
shaking. RNA was =Meted from the broken
cells hy adding 150 171 chloroform gnd
piccipitating the RNA with isopropanol. The
estracted RNA was also treated with DNAsc to
oc000ee any coprecipitated DNA impurities.
20/tint stood eDNA MI, prepared fism 800 no
of the RNA using the iSeripiTNI,DNA
Synthesis Kit (Bio-Rad laboratories, I 'erodes,
CA) in a 70 el tool volume react ion. t he
equivalent or 70 ng RNA was used for mat
dine PCR analysis to do:ermine the amount of
HAC mIZNA Milo cells. Real time PCR was
run using SYF312,97goen as the detection
reagent (finoreccem)(177urogentee1. In
addition to designing printers fur dooming Ow
amount of HAC1 75niRN A in the cells,
primers were also designed to quantify the
3111,11a Of AC i I (household gene) mid
KARL' (11 PR responsive gene) genes as
CA,ILUOis liar ale road time IN:1( The relative
amount of n7RNA "facet, gene it' the cells was
calculated Rom the coinparativd threshold
cycle kalues Nog Actin (a housekeeping gene)
as the expression contiml. Induction or the
OPP response by the cells was confirmed by
measuring the expression of UPR. (he
expression levels 30of KAR11 on well as HAC
I are higho in the strains expressing 11AC I
under control of constitutive promoter
compared to the wild type strain INITLY60
(Fig. 39).  nxample X. Trait forthand
inductiolipf s  hard I lAG  Media, For the
fallowing 04001101C114:, flume types of
media were used: HMV (Buffered 20 inta
potassium phosphate 0t1:6.0a144% VINES
without amino aciotinYbi Yana110MY (Flu
[faced Glycerol-complex NIedium for Yeast:
100 inlid Wila,,j010 0[10S011.14% Y NB
without amino seids016 Yeast maraca/296
peptone( I% glymiol): and BMMY (Buffered
Meth1- omplex Medium for Yeast: 100 niNT
potassium phosphate pil:0021 34% VNI'l
without Silli00 nCidS/1% Yeast extract/2Y,
peptone/033a glyarrop Par owaseseca cells
were transformer: according to the
eleetruporation protocol frau the Oxpression
hit Oneitrogen Cat. No. K 1710-01) The
vectumcBLHISLYppithehhiplieesi %vim
linearized in the 11151 gene to target Lhe
C0101010110 01.411164 locus for integration.
Ten 



rims of DNA was transformed DM [lie yeast
cells. Thsu correct integration of the
15construct was validated using PCB on
gmomic DNA all e: isolation of single colonies
(primers HAC I -Karl imd 1.1ACIltv06 005).
Fragments Of 915 kb mid 1737 his wei e
amplified limit DNA regained from the
transformed cells, whereas in the
nommansfarmants (cells without integration of
the construct/ a fragment el:1237 kb was
amplitiech Clones so identifed as positive tar
itof the pliasmid were grown in 10 ad 1351(1V
math. ha 24 hours before induction. 20Cells
were washed once with HMV. 'RACY was
added On non-induced cultures while HMV
miss sided to the induced cultures. Every 12
hosts , indLieCM 01411.005. w(10 Rd with
0.58/methanol (Mail concentration). Induction
was performed For 21 hours altar which cells
were Ithwested hr centrifugation. To prepare
RNA, cells were 0.404i110k1 min I nil K Na'
purenh (Del/hunter Corporation, Nashville,
NY) and I g of glass beads, and lysed by
vigorous shaking. RNA was exhacted by Me
addition of 150 id chlordirm and w ccipitated
with i sothopanal. The extracted and
precipitated RNA was DNAR treated with
H.NAsmlaec DNAse obtained from rtiagen
(Cat No- 29254'. 400 ng of kthal RNA wws
subjected ha reverse Immthaptasc reaction
using an nligodT primer and the Superscript II
orvcre tuthscripiase thwitingen. rot No. 18064
014). Tim equivalent of 20 00 RNA was-
usedit.dl-iinK,PCR maetion Primar sequences
were designed by Primer Express software
(Applied Biosysici ns) (sec primer tahlo for
sequence). Peal thne PCR utilizing S) BR
green fletreStecnt leanest (Ritircnclathn was
inn in the iNYalea machine &OM BioRad. The
relative athotans inItNA owe calculated Simi
the c0nparaiive  threshold cycle takes using
she housekeeping gene- Odin an a caneru
Quantification al UPR is performed through
expression analtsis of the UPRTarget gene
KAR2. A 3 W 7 told higher expression of
KA112 was obtained when comp. ing Toga=
Mai were set insliseed as compared to the
Nano Toner, thatinduced with II:lib:mot (Fig.
5The rerative amount call:AC roltNA frelll Iwo
additional donand closet was determilled by
quantitative EsCR and compared with the
relative amourINA of Kar2. A strong induction
of 11AC1 was observed in both don,. The
relative,rit of F. A 112 its RN A appeared to
correlate with the rein tine amount el 1 IAC1
rolt NA, higher expression levels of IIACI lead
to higher CA 1.U,S1011 legal of KART (Fig.
20) 10Cell death acid, oldie methanol-induced
sulfur es were perlOnned 05-U12
fluorescence flow ettomeut (ITC) and
companed to cell death of non-induced
cultures. Ten thousand cells were measured
per analysis Cells wereanalyzed on the I-A I
Sea Mar rn (Becton Dickinson) after 12, 96
and 18 hours olineaction No cell deur Is WAS
OhSCIVCdhe < ilycoSwitehNla ((ISM)) tianas
scents cure type glyean arrucnn es mainly
MonT ilerNAcc 'structural formula IV: Fig. 



:5di In fader so cheek if Hrfclp i itdarsioss has
an influence on the N -glycan structure a DSA-
F'AC N analysis was ad:brined of 1 ml of the
culture medium The glyean pie files obtained
atlas al hem= of induclon of spliced Hart pore
similar to Ore piclile ofthe parental GSNIX 9
min gl 1.1,111 CUP, WIr. made in order to
check if the indoc-tinnof I lac I p impairs she
urowth pasasinic No giewth defect was seen
of [hell:F:1p induced strain compared to the
empty 20vo red =noir (Pig, 22). Es
cicadaession of X MINN()              S
ceronixadr. AINNIS bensfers
phosphomannose residues to N glycols.
Therefore, overetpryssion of YININNO lit Sr
lipolydra could lead to increased
phosphoryladon Moreover, 25nit calif moat
etteet CHI phosplaslyInfion F. 1 :1,5 liar be
obtained by over expressing TIMN =us!
V2y1NN6he YININN6 coding region
ftlenbankrt: Accession No )(81_199811.
Cierrofe=ure= Ref: V ALKIA009690) was PCR
amplified from the genome using PC12
printers VIMNIInfw ((it (iGI SAl
CCAICITACAACGTCSCACGAAGC (SCO ID
NO:341) and YININN6 AerIl iyjf if 'CCU I
AdinrCTACCACTCAC IA rAcryc FCC ISISQ
ID NO:35y, and 30cloned in site 1s3 Hm AX
earlea:ion vector for expression under control
of iii, hp,1d promoter (gip. Sif I ha elm:mid was
frawdbrmed 10the V. irpoOtrca strain NITLY60
naing acts sostrenees  it enemy :at toti
intugrttin'e Secreted glycoprocins were
collected front cell clones dud grew on
medium whits. d the GallithaSiriell of the
glycans synthesized the glyeoproleins was
analyzed using DSAILACb. Howcaci, ne
incteased nlvosphotavlation was observed
(Fig 22) 5 Exan_onis_10,, Ennis olPapiession
[valuation uf Haul p ostinisprecalon on the
sanction of heterelogous proteins. Wet.,
containingMc hogionincin resistance marker
and the spliced HAG! c1114A mulct C011
011101.16111C Max I pommel
taPilltygppliAelsclieed) or under control elite.
constitutive GAP near oterl piSAPhygdIAG I
ppspiiced) were transformed to a 121115
strain expessing 10cal C- tO protein under the
control of the inducible AOX I promoter. PY
coils were 



transformed anent ding to the electrepouttion
protocol nom the P(dzioniquessitm kit
Ilostroaen ( at Nrc K 7i 0411, Invimagen,
Carlsbad, CA) The whom woe litocat iced in
the At (XI or ((Al' pi ()motet to target the
integration or the Ilac t p gene to respective!)
the (VOX I or GAP locus Iniegi Dion of the
plasmid into the hest genuine was connumat
rising POP. IS  Deadlines t5 ml) from positive
identified dote, whe grown in V PO for 24
hours The concentration (OLD at a
wavelength .1600 is (GI/valet. thecells in the
cultures was measured and cultures were dil
tatiO go an 00( ai e, Ft ia2'ttl of Andrei media
in each well eta 21 wail plate. Cultures were
grows in BMGY lei 48 hours, washed twice
with totals, and then 131duced for 24 hours in
labINly. Every 8 to 121101115. eultutes woe
in-led with medium conoining 20methanol
(final coaseult-atiotO Alter induction. the
superiatiint of the cells was harvester.: and the
protein from 1 ml of die SUPel rimers was
precipitated thine trichloroacetic acid ITCA)
precipitated motel(' was Dawned to PiWs
(41)S-PAGE. From Me SDS-PAGE. clonal via
intion in the expression of at least cite protein -
-was observed between the tlithscnt clones.
For eximmle. for the clones express ire the
Hue lp 25protein constitutively (under unreal
of OAP itretotto tori. no improvement in
expression level won obsetwed, whereas rot
the clones exismssing the Had p indueibly
(4,0X1 promoter).ohne, could be identified Mat
exhibited Ingliet evpression leuck or the mil.- I
0 protein (Fig. 10 and -Ii). Exprossion uftoy
each sited Pones was compared to the
explussion or inIL-10 plod weed by a lelbrence
G1115 inflmivi expiessing strain. 30A new
intithtion was porlbencd foe these clone, A
prep:here grown fer 24 hours was diluted to
OD 1 in 20 ml DNICA" in a battled flask. I ell,
Dore annwn for 41 hours in 05105.  washed
twice, and then induced in BMW". Culture.
went abibd with nieetiui'ti on airing methanol
every 3-12 hours. After induction, the
supernatant of the cells was harvested and
the protein Rom'ml NM supernatant wits
precipitated using ICA. Prior to sulajectine the
precipi bled protein to :5% SDI-PAGE, the
mintein was ireunleul with PNGase 15 for not)
to 5remove all plyCoSylaiim (Fig. 41). SDS-PA
GE resolved proteins from the supernatant of
Ilaclp expressitm strains coniebml a prominent
bend of 75 It DR which is not present in the
reference strain. This baral wits blmailied by
weans of mass spechinner3 as being Kar2p,
which is the most prominent L PR target gene.
It could he shown. using the cytokine bead
array IC BA) thoi aimulamovis inducihte
expression of the Flac p and the mIL-10
protein can lead to a 2 Mid 10higher
CXFP,SSi011 of the m11.-10 pmtein (clone I,
Fag. 4 I). GOA was perforated 0111,11e011
treated (ath-io tort 



Evaluation of Hunt p oven-ispreach.' on the
surface expression of heterolgons proteins.
Vectors cnntaining the hygrotnycin resistance
marker and the spliced RACI :DNA 15ander
contmi of the inducible AMR I promoter
(pPlehygpollACIsplieml) in i' oder cent] ol of
the constitutive fiAltivomoter (
pGAPh3glIACIppsplicuR were hansItioned to
GlymmitchMan5 strains citivessing ft mature
human interferon betalalphimusglutinin tusion
ptulein, a mature mouse interferon
Rammelalpha amlutinin fusion protein, a
mature human etylluopuietiMalphaaggbainm
fusion proiein, or a fusion protein uf
aipimaggiminin anti 010 Merin-like domain of
20 11-10100 1.111111111,0100d111111,
each of which were under the 1201111101 of
010 001101)10 MTh I piomoter P
giuuseei,isrnlls weie thansfarmed according to
the electroporation pellucid Rom the Motioa
Expression kb (Invitiogen Cat No. K 17 10-01)
The vectors were. I Mt-aria:NI iii ihe AUX I or
GAP 1siosliioier tom gnu the Elm I p gene to
respectively the AOKI or GAP ins for
in:calMum Integration of the piasmid into the
host 0000103 Wita 0011111,ed using ik
Precukures 15 0111 from positive identified
clones were goyim in 3 PO live 24110110 The
fltOsoi wasred mil crlii,res wereihilrlediliOsiroF
1 in Soil BM< N" in each well of a 24 00:11
Nate. the cultures were grown in PRICY fur 24
hours, washt dwith dimmed water, ond then
induced (using culture medium wrilaining IR,
methanol) Por 24 hours in BMW. Surthce
expression was demonstrated by judicial
inummostaining withan antibody specific for
10the Va-epitope, which is fused C-terminaIly
G the Rill eudiiig smiimme. Aher induction, 10'
cells in I ml PBS tpla 7.21, supplemented Milt
1).13,3 Isanine. anium aibunnu (P1433-Pea).
were                  tort-V5 anlibod t tturpl:
Inyitregen I, washed with HIISVESA, vith l'i4oI
Alcxn Prior 4404-labeled goat anti-mouse 166
(144l41; Molecular io twice wall PHS/FWA, the
cells were analyzed by flow evtometry (Table.
Table 5. M I values determined be non
eMometly Pica+GAI'11A(7 Expressed PrateiD
, moose hderlerom ' gamma 



Wild-type Pickia Pichia+AOX GAP   24.6 19.9
itienee 400  45.8 2 4 66.5  interferon-hats
Inmanthrombomodulin yuiollson111,1C,,CrIC
22.6  '4.4  95.5184 1 67.3  



thiagol rwaii 01100 egb.met  10its rhe
shorexpressing site i lac I protein couslilstivelr
no ilnprosrlsir,tl, OC,ery eli,, or di ffei does,
could he observed in surface expression
levels lore H jour proteins compared Is
deference strains xpressing the surface
protein alone In rolls r55'resoi ig 11111.11
interferonhete, usillilificani reduction of surface
expression levels was observed f or the sham,
oscrexpi Losing Use inducible i1aclp liable 5)
the following could be observed: I) in the
human Isuiletigsn-gninnin surface exp essing
Straill. a 1.8-told lowering Are surlime
expression level, could 1m nhnervecl c
h0gared ro Use reference strain explossing
AMC 111C limping inielon-hgta 0-agglutiinn
fus,02: 'icor iheain surface-expressing human
eirthropdimin :fraggIginm fiision p(oteig a 1
1-044 L wennathe surface expression levels
could he obscn1/401111PS1,110 the Erlbelle0
Stla111,ii the sngin :000nce expressing
human intergeron-102gdifferciat of the
20saditge g'pre,ird, I yels could be (*sewed
compared to the reference strain; and 4) ill
OW Wails yolessup mouse thoimbomodulin
lectimlike domain. an 5.9-fold iimmast ol Ihe
mi face woressirm levels Gadd be obsessed
compared to the reference strain.         Enbel
of gyerespressiml of Had p on phosholipid
synthesis. To determine whether
omowpiession Ed the Haul 6 prElnor
lprsad,,ced from the spliced HAC eDNAd had
an effect of 25lipid limabolisio in ' moods, cells
were transformed with the above described
sonny] 1 IACI eDNA shallhe Abe of thiclp on
lipid metabolism in the cells was determined
by CIM:013 82  microscopy analysis Cells
were growls liar I 8 hours on 8shod once with
PBS. and then grown for another 13 hottra on
13NINIY The oells were 111,0. VS Wed in
medium containing I% methanol merry 8 to 12
hours The ....were thor prramool for electron
nimoscopy acceding to the method of
Baharmert (Balmmem eiI. (70(14)
Mocopethologia) Briefly. a 



5 primary fixative containing glutaraidehyde
0%) and pararropporddeliode (I stat buffet-ed
in 0.05 NI sodium cacodylate at pit 7.2i was
contacted with HIS CA:11S Iii ? hours cane.
The cells were then washed three times for
2(1minutes with 0.05 NI audio.. eacodyfithe
After washing, the cells were contacted with a
65, potassium pormarigunme solution for cite
hour at mom temperature and then washed
with 0.05 NI sod h tip, emod 41amthee times
for 10 minutes. The results of the
10experiment ore presented in Fig 54
Oyereopression nfithe Haelp pioduct t
produced from the spliced IIACI cDNA) lit P
pa,loriy lead to the formai ion of discrete
regions of stacked membranyx as can he
ShOWII liii theft:coon nomograph Or Mit
depicted in Fig. 54. These results deloonstrate
that immosfircsmon of Hoc I fi, Is woo of its
transcriptional activation of gems involved in
li1tid theinhetism, mdeed has a strong effect
on lipid metabolism lit P IS flion ManliDEI for
NtansGIcNAta to be bound to glymploirt is ea
premed 1strain, an m-I,2-mannosidase cau be
mfitymed leeleave 44 antthIc olAth. to
NtanttlIcNther the., Golgi type
st-1,24thumwidate art tray.) this nthrowsidase
should he targeted to the secretion system
20Thichooentan c-vmh to-ItNmannositime
filenbar hilir accession no...3 r2 1 2 1534
Good to the 3 cempthice [repro mating factor
and Limped with a HIM) seinthince is oh le to
trim NlanattleNthcr to NthorCilcNAcr fit vivo in
Ono imgorint II clout Mc I forhromi nysei End
ispergillus slyer. A as CellHes.SiCle construct
wac made ro nyetexprths NIV Mani INTL iS.
ccamisioe immuunp thetot ;memo timed to
Inchodermar cesc, a 4.2 mannosidthe tagged
wilL pint 11144.4 sequence} 25in Y ppfirmica
under COLUJOI Of Om constitutive hp4d
promoter Fig. 23i. The expression cam:etre
wits tranalimpot into that coils slier digeatiot of
the Mastoid pVilmA)(NlantILMIL with Site
restriction enzyme Nod. rolloymd by isolation
of the deshod fitthment using agarose-gel
electrophoresis. Glyoant derived leele
matumptemirts lioin the translimued cells trete
analysed using 30DSA-FACE Ordo A minor
frcie. lionel NtauthitcNAc. was converted To
MantGlcNAce Wig. 245. Incomplete
conversion or thlumthicNAct 10 thlafirCileN
Am could have hers due to a nomothimal
secretim signal-the Sneehueumeecs
ceeetsinine(Ion signal was replaced wish 



scofittiors sigiial do eked from the well
expressed fairrostia lipolytka LIP2 (CIP2pre).
The. tfittge semmoce wa3 made ha.
hybridizing she synthetk oligonsmlermides
LIP2om CA I CCAI
GAACCITTCCACCATCSCTC
ITCACACtECTGCGCTACCCITIGC1:10
CCil'AC SSEQ ID N0:66) and Lipgissepro rs
GTACCGGCCCGCCGCTICTEIGAGAACTGC
OGCCTCAGAAGOAGICA 1316 iCAACiti
GACKIGEGGC (SEQ ID NO:67) and cloning
Me DNA into plidifinA sector [at the
Hamfil/Avrli siteG resulting in the following
eon:Ewer: rifiLllUdL2po The NclanI11)11
coding sequence was PER amplified from
2GAPZMIsklan1-1DEL tieing
oligommtermides NetaisliDEL 10 Ece47111
dcc
(GGCAGCCCIACAAAACGT(iCATCMCCIIAA
C (SISQ NOMSE and Man) IDFC, Ayrld in
(GGCCETAGGITACAACICG17 i IcliAtiCAAG
(SEQ. ID NO:69)) and cloned in peilsillfilL2pre.
The entnnirsieniiuri strategy is depicted in Fig.
25. The expression cassette Swittal.gpreMant
DEL. coder eonsrol suFilse portatitutive
promoter hp4d) seas transforinG1 in YorrontM
orimlylica Aoehl sunsuit after digestion of the
plasmid with NQI nod 15isolation of Me
correct fraginern 163; Fthosm). <itycana
derived from scattered proteins were analysed
via DSA FACE. Sonic. convomion of
filancicloNAce to MansKildNAtcloccurred, but
tile as:action was incomplete fAtanclitleNtAcs
was present as well as interms0 Wm products
ManaGlotclAca ned NfinfiGENAes: Fig. 20).
To Mistier itnercwo the ttimming of
StansfileFAce: MansClo7/Ac2, and hstaneG1
A3 es 20PlanadiicNAes, the Mau:derma
reesci 0-1,2 mannosidase ska? ells Ion
ofitimizsi for expression in Forpocla
11.204,41,u (SI-1)11) NO:9; Fig. 42) and
fused to the Lint pre signal s,monce. Iii is
51011 comma. vasexpressed under et-intro;
of 1 difIhrent promoters: (i) lip4d,
(USGA[6613cl ID NO. RI; lig. 411, (ill) PDX4
and list f [It. Final expression *solids mow
Roma NI 111.11(.11.2podOsn111)16. (SEW
IF) NO: I; Figs.11A-C)
phl.01IXdf2preMen001.1 (S143 75ID NO:12:
tip 45A-) 1)3'191.2preMan II DEL (SE() ID NO:
13 Figs. si6A-C) plid GIS& 7p6A/rm111)lit
INE.13 ID NO: [4: Figs. 47A C). Ail 1 plasmids
were trattslormed to Yenwie inputs-lice Nil
LY6.) -Such / strain (thweribed Itt CliantIe7.)
oh Of cutting the plasmid with Net Fend
isolation of the fragment containing the
MimiMEL expression iMSSClie. TransIhrined
sticlina with the MantIDEI. under control of the
hold, GAP and TEE promoter 30(plasinids
pY1.111i Sill 21nietalant1DEI.,
pYL.GUXdL2preMarfilDfils and oYId
US,11.2prehlsofillall werg grown in YPD.
ilycans dained twin secreted proteins of
transformed rtoainr were analyzed by DSA
irreaeirled In Fig. 48. Alternatively.
transformants (including a 



rear .slcrnnnetr liarsecthe
pYIPU>td1.2preNlanl IDOL piasmidi were
grown itt medinns containing oleic acid
(pose% production conditions) and glscans
were analysed sirt USA-FAilnom Ni one of the
verso% pY1 TI1Xd1.2prerdand10111" are
presented in Fig. 49 As Call Ore coneladed
from the dinfl, Isy 40 hours of culture. almost
all give as am converted to Whin 0 sled A%
Lzaimple 12: Culturinn conditions for P0212
coarionir  toCultures wm started from a single
colony (Ma Medi plate end grown overnight in
10 H. ITO at 2013 in a 50 ind tube lion orbital
shaker- ar250 rpm. Next. a 750 mt. shake
flask containing 22 itt. of production medium
(including 2.5 inL ureic acid emulsion) was
inoculated with the pre:culture as a final 00600
of 0.2 This ni111111'n Wan 111011bl:1nd at
200 in an orbital shaker at 250 rpm.
Samples4dr c ailnrv were Inketi at various
time points aver a 26 hour 15culture. The oleic
acid crania lot i (20381 was tactic rite iticilrod
on liiiows; Addtoasiertlessitri vessel; 20 ml
sterile water'. 205 tril oleic acid: and 125 ill
Tworn 40. Sonication sta.:Wring in die
ikitaittinioti oftemulsion was performed for one
minute at 7511z. The production inotinun
ecnnnuracd ct the follow-me: 2.30 trypscri; I%
glucose; and 50 ni AI phosphate oH 08
30ExduirlsEninIt,10 III I9 I) nI3Insidase 



Homan glucemSvisPOLMAN was chemically
diipoiattied (S HQ ID N(1:15: !he coclinp
scwience fc'r me inalthe protein seas fused to
the coding sequence of the LIP2
ice Ellis fusion construct was cloned under
control of he oleic acid inducible
505215tomoim I he Lesulting wasmid was
named pY1 Pt 1X1 Marefil CNA (= pIC \ N21
A Before nansformation the plmmid was
digested twills Not] and be fragment
containing tile expression cassette was
isolated and translatoned to Yarruwice
Irpolrlica brain NEI LYAIH. Y(,0Anc-la
Llewlibed in Example 2 above), and \III
YALIMmth /Plant-112E1 (described in
fp:ample IS1 ransIbmiants obtained. in these
three StnlillS,(TC1410,V!,. as tlowLibed in
H.xtie1tte 12 PETK...111, were precipitated
from the supernatant as desti Mel above,
subjected ILL SOS-PAO1H and
immianobletted using eras monoclonal
anumcluemmiehrosidase antibody
(Alessmdrini et al (200t) Invest Demiatol
23(601020.6). An excioplam inotiLinublea
amlysicls depleted in Fig. 51 It can be
armed:dud from liag 51 that to a ochl dimlimed
strain no smearing occurs (lanes 15I, 2, and
5), whereas Mica egencity of rite protein is
seen as a smear ill WT cells lanes LI and 65
Nc,t,,ent)tagofitnot.einwsnobsetsreditt protein
obtained from a strain of yeast expressing
talattHINEI these results demonstwile Mal a
more Homogeneous population of a target
protein can he obtained using the genetically
engineered Yarrow ia livo)WiL a alle lel IL
WillAochl and NITLY60AochINIanl IDOL
Mommle 14: loda ession of human myll
Homan erythropoimin (Epp, Swiss Prot
elP01568) encoding JANA was chemically
scinticsiams codon opiimieec PH expression
in Furrow/a :moltSEQ ID NO: 16; Fig 520 The
CDNA coding senuerim 15n the mature
protein was Insed to the coding swyience of
25  Om L1112 me signal SajOCOCO 11'15
Fdsiott cc-insipid was cloned under control of
the oleic acid indLicible 5ON2 momotei1 he
resulting plasmid was named pYLPI OKI
2pichu[PO. Before transtotniation the plasmid
Leos cut Nell and the fragment containing the
expression cassette was isolated and
trtmstormed to Yataotwia heuthilien strain
NITLY60.bacit) (described it, Example 2) 1
rensfni mwt candidates wem grown as
described in Example 12 and secreted
proteins were 10analysed it wesiern Mb an cc
SIIS PAGE using a monoclonal mouse anti
human Bps antibody  obtained From
FEE(clone AE7A 5) The CPO product
obtained [coin ii exhibited very homogenous
alycosylation. Examplession of hurnall
inalaclusi  



I Ilan. ft-galactosidase A (A(IAL, Swiss Pro
Duty mr PUO2)10) cnofting cDNA was
chemically synthesized as a code/a-optimized
oDNA for expression in Yuma, is; NarEa ilea
(SIC) ID Nob 7; dift 53).         The oDNA
coding se:pence for the manna procin was
tilted to tine coding sequence of the LIPS! pre
SigRai Sel1LICTICe.. This lumen construct
was cloned under control of Me oleic acid to
inducible PDX) promoter. IleetenLiltiro plasinid
was named pal Pt..rA1.2prectralase). Before
transformation the plasmic' was cut Nod and
thehuginteint containing the expression
cassette Ivan isolated and transformed to
Yarrow la ii1701.11iCa snin KILNED and
WITLY60AochLIEVNIE (described in Example
4). Eransfonnants obtained in these two
strains were grown as deterin Examplc it
5en-aced:J1m prnleins obtained from
transformants were analyzed by ISimmunoblot
after IUDS PAGE analysis. 1. wo antibodies
specific, ler tEgalactosidase A (a ehicken
polyclonft antibody ohtainsad Prom Abeam
(ab28962) and a rabbit polyclonal antibody
obtained !Sam Santa (Tee. Biotechnology
Inc-led)))) were tISCAT to demo she expressol
human o galactosidase A ppatein. 20bsample
16. ExprEssion of Nlannonidaaeit WT Yu,
To determine whether expression of
MannosidascHDEL alone (that is in cells
conraining a functional OCH I gene) could
lead Ion more hoirogoous glyeesy ration of
poteins expressed lay fungal cells. an
expression cassette containing it nucleic acid
encoding MannosidaseHDEL (see Example I
la was transformera into wild-type Yarmw
lipoipica gold cells. City-coon 26 derived from
secreted proteins obtained from do cells wore
analysed by DAA-FACE Orig. a5). he
analyzed glscans consisted mainly of
ftlarEGIcNAca and a minor part ftlausGENAcc
Those resuhs demonstrate Mat expressinn of
blannusidassedIDEL :111)11, hi the tem,
ollany disrupt ion of the OCH I gene, leads to
a more homogenous glycosylation of proteins
expresso] by Yarrerwid 1/4  Other
Ihrlodiments  While the inventioboorsewe! in
Ca1111111C1 inn with I he detailed
description thereol. Oa foregoing tIchere.iiiois
is iriiondcd to illustrate and not limit the scope
of the invention, which is &lewd hy the scoot
Ohio appended claims. Other aspects,
advantages. and 5mudilleteialls ale within the
scope of the following claims It  1611.atskim I
A methodof p,tx]gcitigIt\ -glycosslation Itttttt
itFa target protein, method comprising.
providing a ,(1,0070 :polj La or an ,1 ?cella
adcndninta'n,ngcail geineiieailyeI 



comp iseleast one modified N-gnycosklarion
actis ion; and nnr-edrieinto the cell a nucleic
acid encodine a iarget prticiiii. ccliii refit lie cell
piodour; the target protein in an altered
N-ulacosalation form           2. The method of
claimfurther enittarkiit tiered N-glyeenyir of die
target protein.           3. The method OiCialln I
OE 2, tcltr'rotn lie tingerolein is an ettegeanut
o 151. The method of any on claims I-3,
willarein the tairsat protein in an cindegenera
protein. 5. Tho natal slimly Oi Chill, 1-4,
wherein the Larget protein is a mammalian
[anorak, 6 Ilia method of claim S. whiimin he
target prateItitnan P 20 7. The method al any
Lindanos 1-6, whesein the target. piis a
pathogen protein. a total protein, a growili
Pastor. a aytokine, a ahemokine, an anti hods
or antigen-binding ant lltcirol. or a Pinion
piotein.  258 The marked ol claim 7, whoisin
the major) is                           osonial imoiein.
a hi will facto aaaanh' ri or an antigen-binding
Flagmen: thereof       9. The tie tied of any
ordain:is. 1-8, whir:nein the tarpici piwten
30with a lysosoinal storage. disorder (LSD).
Rh The torMod of anI;to 1-drooL plots II 5
inILPe000rehLosid050 or
galactreerebrosidase, 11 1 he method or any
olPm We 



group eeensisiing ol alpha-L-idurculdaw, Let
in-11)-palro losiclose. tecimphirosidose, hers-
nidase, belo-D-marmouldoso, alpha-1
gueosidaer otylstiiln (nsa II. ni yl
alpha-Nmeteylgoligtosimeinidase,
aupariglglueosurninidose, ielmonoter
2-sulhotose, alphaplucoeam in
ide-Nueeetyllrunsferase. belo-Deglumi Milner,
Malurontrlase, alpha-1 -rommosidase, ;Ohm
heurernin Wags phoonhoilaneforaw, acid
lipase, nerd eeromblase. sphinognigehmase.
10Miumetrease, eVIIIRTSilt I< and Iiimprreem
lipow 17_ 1 he method of any or claims I-11,
wherein the alteredglycesylation form coihe 01
mom 0-01yehm ISIi. be method of claim 12,
whemin die one or more bbalvean 14. The
method of claim 12. wherein We one or sr;
,ellet4Are I 5, The method of claim 12,
wherein the one or more N-glneotts ore
Wheirtil 16. The method of claim 12, wherein
the one or more IV-0year. are Mange loNger
re. The method of claim 12, wherein the ore or
more N-elseare are (110MorparNAw IS. Ile
method of claim 12. wherein the one or more
N-giveans are GlrehloneGlebRor           [he
method of any of claims 12-18, wherein the
altered 91-glegosplation Sono oldie Target
protein is homogenore. 20 I he method of am
of damns 12 If, wherein hN-ginsIanof the
tatger pmtern is euhmenhalie homogenous
21, law tier Steal of Mahal 20, wherein theion
ofaltered  targe Ommad rilymmana ion is st
least ahom 20%.         22.. 'Ilse mathod Of
claim 20, wherein the action of alttred target
ittolaetiies ale altered ulynosylniiim i.sot icmt
toe 30%.         23. The method 'Molnar' 20,
wherein the fraction of aloes Ott nIfercd
glycosylatioa is at least about 40%. 



21. 'lire method of any of claims 19-2% raha is
ManscileN Am. 29, 1 he meibodof cSheI
laMany( ileNnc, 26. The method of any of
claims 19-23in the tittered glyeaayia
Menai:in-9Am. 202/. Thansidah ManitilcNtots.
28. The itteelood afany eclair% 19-lerein the
Mimed giy o GlciNlanseileNnitt. 29, The
method onatly of claim11,, a
elleMsrantraleNnts. 30. The methoal of nny
01h:bums 1.10, witereliat ho cell in
genelieoliyned to he  II. The method of claim
30, wherein N--glvcosylation activity it ALG3
activity. 32. The method of claim 30, wherein
Neglyeoxylation ar.tisiLy is OCt41 acrivily. 33,
rhe method off claim 30, wherein
Nsrslyowylotion notivity is N,INISI activity.
34. The method of claim 30, Wherein
Nwlycosylotion activity is IONN9 activity
35. Ihe inc.:Iliad of tiny of claims 1-34, wherein
the at how one modification comprises
10deicrion oft gene encoding n protein having
the N-pycosylation activity.       36 he method
of any of claims I-35, wherein client least one
mod mccli on cornprison exPonein having the
N glycosylation activity 



37 The method ofaryofctainns IRO, wherein
the at least one morilirwtionp intmthicrion or
expression of an RNA molecule that interlines
with she limelional txpicesii oft protein having
time Orglycosylation activity.            alw
method of any of claim 1 37, wherein th
vression of a ppwein having thrglycosylation
ac lire viii hod of claim 33, wherein the
expensed provePr filed by an exogenous
ritcleic acid in the cell. 2540. The method of
cEalin 38, whetthecosylation activXy Ise
glacoRfaransferase activity. 41 The method
afarel8- I0. wherein the protein having
TI-glycosyhttion activity is Al .t36.  Tthud of
hltim 38, seiteneata tIactruiloving Tholyassi
alpha-mannosidase               43. The method
oldto the 5 endoplasm         44. The method of
claim 42 of 43e. ini.he a, naomi's having
N-glycatnylation 0th Pinion protein comprising
An alpha-meant/Sidi., polypepithe nod an
110E1 endeplasmic retiouthm retention
peptide 10 45 74r method oft In its 42. itshe
alphaosidase has a pl I op ]ionnln below
46. he method of dci m 38. wherein the
oradein having 91-nlyethylationccl
]nroleiiiincnpahle of removing glucose
residues tiorn         47. The method of claim 38
or 46, whethin [lie ].11,1,irl having
N-glycosylotion activit a pththin having
9-1,3-glueosidase activity. 



2048. The method of clainthl 6 or 47, Wherein
the protein is a glu           49. lite method of
any one of claims 46-48, wherein Lilt-is, one ni
both of the alpha and beta subunit of a
ghthesidithe           50. The method od claim
46, wherein she protein is aa           51. The
method of claim I, wherein the cell is
genetically osagiraceer dIf two modified
19-glycesgilaion ac      valise method of claim
I. wherein the cell is gesneticetiv eagitaeered
to comprise at le three modified
Nscitycosylation activities.         54 I he merino
of claim 51, wherein the at least tttree
ttnttdifted N glyeosylation activiricw comalaa
deficiency inAI (t3 activity: an elevated level of
an ALCM activity and en elevated level elan
glaeasidase 11 activity. 55. rhe method of any
of claims 38-54, where'p teivolyoosylati,
10activity is an exogenous protein.         58.
The method of env of claims 38-5,1the lingua
hav hi'aviation 1557. The mciltod Lehi:a 56,
wherchglyc ylthiott article protein, 38 The
methodelm54, wliereiittite prrkinm
hhglycosylation activity is a lower etthaiyoric
pioieiie. 20         59. Idle method of visits 45,
wheinin the I, a protozoan 



611method OT cia all SI. whet-elgroup 25cl an
4,vstergidhuc. 61 The method el any of e
taints 1-60 whcain modifioniiises expression of
a proteinon biologically active cadent thstieof
capable of eflAming inannosyl paisphorylation
of the target protein               rho merhot
nfclai'rr frI.vatiereln the protein or Isisriogically
eel ye saeit,trT1 cupubte of offerting satins
sunny! p(os orylation Is MbeN4.              OT.
The method of credit 61, wherein the protein
OF biologically :Kris 5capahlc of effecting
tunanotyl phasphorylation is PNOI. 64he
method of claim 61, wherein the gissrein or
hiolagicaltaKA is           65. The method of any
one of claims 61 64, wherein at leas: about
304 of the magnosyl residues of a
gitteciprowin are phosphoryluted.           66.
The nsettiod of any one or ctims 1-65, whowin
to he deficient in ail OcIll activity. 67 1 he
method of any of elailTIS 1-66 tOri Iser
curiagoduof the ft vctsptaiein 68. Ile
moll,tl'elaiin 69. The method of elahn 67it 70.
The method of :illy of elailut 67-69. catieneiri
tile addiiit):1 o1N heterologous moiety to the
modified giseo 25 71. The method of claim 55:
wherein the licutrologonsler 72 The memol 'at
'any 61 clainta 67-71, wItracin the additional
process enzymatic or dieruical Keagnent or
the ahem] Nitlycosylation loin el the leo tel
proteis. 



73. The method of elailt1 67, wherein the
additional grocers in the altered N
glycesylation formal the target protein
phosphodlesterase.4 pl crosidase, or a
glyetwyltiensfe           74. The method of claim
72. wherein the additional meetsrio the altered
N-812recsylation form of the largel protein
with hydroduorie         75 The inertial el diy
iddrides 67-74, wherein the additioml
processing comprises phosphicylation et the
altered N-glyeeshlairon for-m of the target
protein. TO 76, An isolated protein having
altered N-Gyeersykitirm, wherein the protein is
1rrnrrloeert rieltrod ofrrrvorf claims 1-75 77 An
inn tool Yarrurvia ripolytfre, or .4rxnla
arienitivraims cell rieticaed ISto comprise at
lerwt U. modified N-glheasylation activity. 78.
The isolated cell Idaho 77, wherein
N-glycosyletioa activity is Al GI activity. 79 dist
isolated coil ofelrrirtt 77 rio 73, whet ens
N-glyco5ylarion activith is DC III 20 at 8Cr. lire
isolated cell ritartist 77_Sit,c'vita a \ I 2581 Tire
isolatedrf 17srinereir 32. The isolated cell etC
atari of claims 77-79, whercie the
muddle:diPrls deletion of a gene etradling a
protein having the N-dycosylatioa activity. 30
83. The isolated eeil thany of claims 77-79,
wherein thecomprises 



expretsirrrr ala made( Form ula prewin having
the N-glyco5ylation .tivirrt 96            84. The
isolated cell of any of claims 77-8lied licatien
complim illumination or expression titian RNA
melemdcceilb the functional expression of a
protein having the N-glycomiation 5etisny.
85. The isolated LEH ofany of Maims 77,8:4
nr!ncreni ilie modification compris expression
of a protein baring NAlywaylatim               86 1
he isolated cell al Maim 85, whcieb513/cony
10al noisy1 trans throne actin iiv 87 Ilse
isolated cell of claim 85 or KW wherein the
protein havinglain admit> is Al 6T6 IS80. 1 lie
isolated cell of claim 85, wherein the prolein
having N-glycasy lotion ma an alpha-
mannosidase.           89. The isolated cell
afelcien SS. wlneneirs Eliphmosids52
endoplasm ic retieulum.           90. The
isoiated cell of claim 38 or 89, wherein tho
pi-skin activity is a limiest protein comprising
annidann;po endoplasmic reticular', retention
peptide. 2591. Themsolated celi of claim
85.wherein lie proteinp N protein is capable of
removing glucose residues 80111 MansNI 92.
The isolated cell of claim 85 or 91. wherein the
protein Iino 1.55011 in a proLoin having
o-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 subtiiii
99. The Waged cell uleiamIre protein isa mt
96. The isolated cell ninny lyric
ericisrini.s72-99, wherein die cell is aenctically
2ed N-glycogylation activities. 1097. The
helated cell of claim 96 wherein the at least
two modilied10-glyeosylatiwt aCticilkS prima
dclicieney lair Alactivity and an elevated level
of an ALG6 activity. 9g. The isolated cell of
any one of claims 77-97, wherein the cell is
genetically lenthree modified N-glycosylation
activities         99. The isolated cell of claim 96,
wherein the at least ilAte modified
N-glycosylation activities comprise a
deficiency io en AlAgg activity; an elevated
level oleo Al I in activity; and an elevated level
of a a gigged:Mose II activity. 20100. the
isolated cell of any one of elainis 77-99,
wherein the cell is 'slit genetically to he
deficient in an 0(711 I activity. 1(11. The
isolated cell of any one of claim00, wli
glycosylarion activity is a human protein. 102
-1ire :rotated cell of any of claims 77-101, w
herein the modit cnprcssicrrrratr rroieirs or
biologically activeVariant thel COI Qapabie 01
IOil ploisphory lesion to the modified
glycoprotein 



3910: Elie isolated cell of claim 102,
vvherelrv0 *goof that effects monnosyl
phospliorylatien is Mk di  104,slated cell of
claim liNt, whereinprotein or biologically
thereof that effects nineteen vi phosphorylatiis
PN01. 5105. A method of harming a discards,
tie:amble by odminisnation of 11 piniein Inc
allele dalthad eimunisirth. adminisicring too
>Mace; a proiesti of C.2111170, wherein the
subject is one having, or suspected ofitanirt,
aslitease treatable by At 0Waving almond
Naglyeosylation Ihe method of claim 105.
wherein she disorder is a met' holie disordc
107 The method of claim 100, wherein the
metabolic disorder is a Memorial storage
disorder 1.0 SD) '110 themethod of claim 107,
wherein the lasosomal storage dismal, is
thitheher ley-Seel, disease. Ponape disease.
Niemennthiek diceose, sir Friths ilWorme 100
rhe incased elan) of claims 105-100. wherein
the protein None. ossoeiated with A 20 LSD
110meihod09, wltereitt the posicie
istosocnrelnrrsoida pulse:esti:lase
. of claim tOO, where" n bite protein is
selected if0111 use pinup consistiag of
alpha-laiduronidase, beta.1)-galactosidase,
betamtherthidasto betathesesamillidasch
betwi 0. mannosidasth alpha-I.-thicosidase.
arylsultatase D. aryjsulthriase A, alpha-N-
neteylatheetnsamin Mime,
aspartelelueosaminidase.jduconote72-sullatha
se,
alpha-glueosami11111CNmeetyltransfenise,
ileta-D-0rucoron idase. hyal cronidase,
elpha-Immannusidase, alpha-
30acmg11141111.2, phosnhotrantherase,
acid lipase, acid ceramidase.
sphinognthelinase, thieesteiwic, cmhepsin K,
and liaisons:eh) lipase. 



112. The method cif any of claims 105--Ill.
further a anpniarrngdaerrrrirriag wireiliar
suhjeci has a disease treatable by
administration4a protein having alteral
Nsglyeoselation The method cif any of claims
105-112, wherein the subject is o humor,
1[4 A method of pioduci ream altered
"4-21yeotylation lime olio [arson postoin. the
method coniesisles contacting a uirget grateill
with a cell lying prepared limn a tsc rinMa
lip/Myna/ or an Amnia Of 101111 !MAWS Len
genetically ongintioiml Ia comp! ise al least
one modified 15-gls cnsylation activity.
wherein Me contacting or the target proloin
with Om cell iysate results in as altered N
glocosylation Drill of the target [1101611
A method of producing an uttered
Nonlyeosylotinn form of a target piwaeirr. the
method comprising contamippg a target
oncein with nine or more proteins having
N-glycosytation 15 activity, wharen, the ono or
more proteins haying Te-glycosyiation activity
are obtained num a lorrowin orio4iica or an
mile) Eiden:iv:Non.na cell genetically
engineered to comprise at least etk: rnadiimed
Nyglyricsylation activity and wherein
contacting the target tnolectile with Lk, Ulla err
MO,.  proteins 1151,r, N-gryCOSyiati011
aellsay [can [La in an altered N-piensviation
form oll the target ptleil, 20 16 A substo1,
substantial numhar atcilia inPat lea_cr
ninedined glscotylatior ami otatt"Si-Ad ID
140:1 or SICO ID N0:2. 30  114 An solamd
nuelcotidu sequence DonntlI identical to SI99
ID 1C0:1 or SU) ID N0s2 120. A polypepside
encoded by the isolatal nuclemlairs [It or 19.
121 An molated nttcicic add comprising. (Ma
nuolastido scums:me Oust hytuidiges cinder
highly Aginto the 'ionic Shp 117 NOD on Siqui
[1)1<0:2; or 



01,the nucleotide sequence. Ill 122. A
wino'prising the nucleic acid sequence of arts
173 An essmession vector comprising [Inc
nucleic acid smote:nee of an> Of claims 118-
121 124 A ..11 Oared cell consurking the
exmeel127, or nose cell. wherein the cell
expresses the polepepLide 126. A method of
producing a protein. theod cominti1do ins
20124 under conditions permitting the
expression of the         126. The method of
claim 125. [Striker eo,,r1urisirrs slier coltisriusi.
the polypeotide from the cell or the medium in
which Mc cell was cultured. 




