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much attention in the scientific community as recombinant proteins produced as potential
prophylactics and therapeutics approach the clinic.

In general, the glycosylation structures of glycoprotein oligosaccharides will vary
depending upon the host species of the cells used to produce them. Therapeutic proteins
produced in non-human host cells are likely to contain non-human glycosylation which may elicit
an immunogenic response in humans—e.g. hypermannosylation in yeast (Ballou, 1990, Methods
Enzymol. 185:440-470); a(1,3)-fucose and [3(1,2)-xylose in plants, (Cabanes-Macheteau ef al.,
1999. Glycobiology, 9: 365-372); N-glycolylneuraminic acid in Chinese hamster ovary cells
(Noguchi et al., 1995. J. Biochem. 117: 5-62); and, Gala-1,3Gal glycosylation in mice
(Borrebaeck, ef a/.,1993, Immun. Today, 14: 477-479). Carbohydrate chains bound to proteins in
animal cells include N-glycoside bond type carbohydrate chains (also called N-glycans; or N-
linked glycosylation) bound to an asparagine (Asn) residue in the protein and O-glycoside bond
type carbohydrate chains (also called O-glycans; or O-linked glycosylation) bound to a serine
(Ser) or threonine (Thr) residue in the protein.

Because the oligosaccharide structures of glycoproteins produced by non-human
manmalian cells tend to be more closely related to those of human glycoproteins, most

commercial glycoproteins are produced in mammalian cells. However, mammalian cells have

-1-



10

15

20

25

30

Enzynol . 185: 440-470); a(l,3)-f ikx>se and
b(l,2)-xylose in plants, (Cabanes-Macheteau et aL,
WA 29143y cobi ol ogy, 9: 365-372); N-glycol yl neRtEIS2000044297
acid in Chinese hanster ovary cells (Noguchi et ah,
1995. J. Biochem 117: 5-62); and, Gala-I, 3Gl
gl ycosylation in mce (Borrebaeck, et alL,\993, |nmmun.

several T@gaiant Bikadvehlapdd 89 hosCedl RABY stoakie pidattis. Budiids béing costiy,
proteins in animal cells_jnclude N-glycoside bond {@}g ¢
aep o

processen o PRYHCHIEPTRIRHIS (s ez ag gphl%@roﬂp@ Becapeencens papH
glycofofinl TG L ek ot BRPRIAGh NG BRI CobGRLIUE ahd

signiﬁcahlanme; to glnstcsbile delﬂmﬁsy cans; or O linked

O e S Rl oo el Bbe B OB rotoundsy
affect tﬁ’é p&g&ﬁ@@ behi gﬁozéih M@lhafngsts%aﬂﬁae%a%ﬁé %ﬂhﬁﬁna&b@ﬁi&ﬁﬁ@' receptor-
by non- human mmal ian célls tend to be nore closel
interactiqal, an@ﬂsm—sp%@ta&eﬁﬁg prapetfiop é@mddgseqt a5, 2Gegsurr Pharm Biotechnol.
| | ¥ r
3: 285-5%0 %aazv\lgge ft: A b%%l? | ana’tglg c? H%ﬁ glgcé)s 1&@%&6}1 of Igs are

assoc;afﬁds.ﬁdvdmﬁie@e&o&iglmptopéﬁieb glefforis pidLehd) IQQ’QdﬁuﬂibbdjﬂEng Chem.
Besi des be| n‘% costly, processes fo@cngro uci nalsprote

Immunpl, G k! P8:nWeight pdiYipiser 1987 cFapdnBivirshpdp P att-dak tFhas
f
s 45 BN YELUTES il A8 iy B AU Biions

which genemderssosteadly@podtih chinpestionst 1mmumgbmlc depamgimigzedhe kxtcific

th tigul I f tej dl
salectogg B o s Lo o A (o0Bt Bionheip Tof ARy s However,
becausPR A AREBLIVARIHIEh s fﬁéfﬂiﬁb RGO AR BntribREEHUOR | 'ci%x%ﬂdﬁ&lbg’i@al

and tissue-specific targeting properties (G addis_ et

functioptthe 2oitity tocnrieh i apeaid; elyeefres on glycoprewimayhighlyglesirable.

Becaus& Fiﬁfgﬂjsrﬁlg g{chﬁ:@&@ aFet %E{ﬁzﬁ&?@ﬁh I?i?[tfergﬁtfbfuﬂoglﬂ cal tper%pevrvtlxef'sh the ability to

s aré asso
enrich ﬁalr @fyebmteu’m }@Jvogl acsplecifit ggebfdrm&aﬁbeﬁlﬁ@i toseliatidhtd thi de_;lationship

betweezégfgg : llgg%grr&gg(ga sgch[}%@oggumag%wﬁ%qm Oflt%% g yg%prggri ‘f‘is‘% the
ability f&ae?zrlt:H T&%co?ﬁﬁ&n§ Ry & gk%cxfﬂf’%l?éb?&%y LigbieR @h@éro@ucﬁon of

gl ycoprotein can vary wth cul ture conditions,
therapeutic glycoproteins having particular specificities. Thus, production of glycoprotein

compositions that are enriched for particular glycoforms is highly desirable.

While the pathway for N-linked glycosylation has been the subject of much
analysis, the process and function of O-linked glycosylation is not as well understood. However,
it is known that in contrast o N-linked glycosylation, O-glycosylation is a posttranslational event,
which occurs in the cis-Golgi (Varki, 1993, Glycobiol., 3: 97-130). While a consensus acceptor
sequence for O-linked glycosylation like that for N-linked glycosylation does not appear to exist,
a comparison of amino acid sequences around a large number of (O-linked glycosylation sites of
several glycoproteins show an increased frequency of proline residues at positions ~1 and +3
relative to the glycosylated residues and a marked increase of serine, threonine, and alanine
residues (Wiison ef al., 1991, Biochem. J., 275: 529-534). Stretches of serine and threonine
residues in glycoproteins, may also be potential sites for O-glycosylation.

One gene family that has a role in O-linked glycosylation are the genes encoding

the Dol-P-Man:Protein (Ser/Thr) Mannosyl Transferase (Pmt). These highly conserved genes
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v 984 1ol By 0 T B SR At i O-
linked gizersslagine,adipagjicular, one or more of the PMT genes.
UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-acetyl galactosaminyl-
transferases (GalNAc-transferases) are involved in mucin type O-linked glycosylation found in
higher eukaryotes. These enzymes initiate O-glycosylation of specific serine and threonine
amino acids in proteins by adding N-acetylgalactosamine to the hydroxy group of these amino
acids to which mannose residues can then be added in a step-wise manner. Clausen ef al. in U.
S. Patent No. 5,871,990 and U.S. Published Patent Application No. 20050026266 discloses a
family of nucleic acids encoding UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-acetyl
galactosaminyl-transferases (GalNAc-transferases). Clausen in U.S. Published Patent
Application No. 20030186850 discloses the use of GalNAc-beta-benzyl to selectively inhibit
lectins of polypeptide GalNAc-transferases and not serve as substrates for other
glycosyltransferases involved in O-glycan biosyntheses, thus inhibiting O-glycosylation.
Inhibitors of O-linked glycosylation have been described. For example, Orchard

et al. in U.S, Patent No. 7,105,554 describes benzylidene thiazolidinediones and their use as
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N- acetpyl, i9an86h RSAMRY! b haNS §iB%ES of Pmt proteins, which are useful for
production of recombinant proteing with reduced O-linked glycosylation. This enables O-linked

glycosylation of proteins produced from fungi and yeast cells to be controlled.

SUMMARY OF THE INVENTION

Compounds and methods are described for producing protein compositions
having reduced amounts of O-linked glycosylation. The method includes producing the protein
in cells cultured in the presence of certain benzylidene thiazolidinediones inhibitors of Pmit-

mediated O-linked glycosylation.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the effect of Pmt inhibitors including the novel inhibitor
shown as Example 4 on O-glycosylation of secreted recombinant monoclonal antibody in Pichia
pastoris. The chemical inhibitors of Pmt reduced O-glycosylation in a dose-dependent fashion.

Western blotting using an anti-human H+ L antibody was used to detect heavy (Hc) and light
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proteins where 1t is desmad that the protein have a reduced amount of O-glycosylation in host
cells such as lower eukaryotes, for example yeast, and bacteria, which would normally produce
proteins with O-linked glycans, having a reduced number of O-linked glycans. However, while
the method is especially suitable for expressing proteins with reduced O-linked glycosylation in
Jower eukaryotic organisms, the method can also be practiced in higher eukaryotic organisms and
bacteria.

The Pmt inhibitors of the invention are selected from the following group:
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and

or a salt thereof.

The methods described herein are an improvement over certain prior art methods
for producing proteins having reduced O-linked glycosylation in host cells in which the proteins
are susceptible to O-linked glycosylation. For example, Tanner ef al. in U. S. Patent No.
5,714,377 describes a method for making recombinant proteins having reduced O-linked

glycosylation using fungal cells such as yeast cells in which one or more of PMT genes encoding
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protein and adding the Pmt inhibitor. This can enable production of larger amounts recombinant

protein having reduced O-linked glycosylation to be produced in the culture in a shorter period of
time than would occur for host cells which have had one or more PMT genes deleted and grow
poorly in culture. '

The Pmt inhibitors described herein are improved over those described
previously in Orchard ef al. (U.S. Patent No. 7,105,554) and Bobrowicz et al. (U.S. Published
Application No. 2007061631) based on increased potency as shown in Example 5. The
increased potency allows for the use of smaller amounts of inhibitor to reduce fungal O-
glycosylation to acceptable levels and/or increases the potential for complete elimination of O-
glycans.

The methods described herein facilitate the production of glycoproteins having
reduced O-linked glycosylation in host cells that have been genetically modified to produce
glycoproteins having predominantly a particular N-linked glycan structure but which also O-

glycosylate the glycoprotein. Methods for producing a wide variety of glycoproteins having
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200502'?}8% ﬁ‘ 2%62 198556, 128880 1%63%&%@66{){@835’?%3 06881 ’I‘B&fﬂaﬂﬁg one of the
usi

€i'ns aV| ng reduce ycosyl ati on
host ceﬂsl degsmlibedin the sfoedmasioyabpitertaht patent appiicdhionn eaobe ma:d @o produce

nes encodi ngt he. P .ote' have been
a giycog&ﬁ@f%ﬂlpwrwsmw&a%é@ E%H% Bl PR ycthreeAnidiayjng reduced

O-link®{ Q?%?Qu&‘@ L&he ﬁﬁ\&ﬁeth&ij&ﬁ&%é& Hek I €H hglk M@&%&d h@some host cells
e deletion of the PMIl, PMI2, or PMI4 genes in a

that haveibepal gehasally slodifedab Ipecsiup¢ glj'g@prp@msdfavmg meesontihardiyta particular

. telnhV|n reduced O l.i nk | ycos ion t
-tink R R O TP o e SR Gl Bl g am hosccet
that hab &R&Hean I‘noﬂilffedh Pt exhple,fagvdulhr mcgaeaﬂdwastdﬁn@m Which genes
al one al so adversely affects the ability of the fupgal

involvethigthypermanpesylptiow by beerelelcirg and ather prgsinecdesd %m@ particular
mmmaha%{ﬂu%a%ﬁﬂ{emﬂfé h éa%awsg gP&ﬁl ardg&em BAYY less well than
protein wmth a re uc I nke

anount o
fungal gt ym%qeﬂiaﬁiam do nﬁiethegbxmnicoﬂod?ﬁﬁaiiiopk uln seirtehdtheRbEbneatically modified

ta be. | f h l..
fungal phiest e, (ugudp SIS At G FAEEHIT Cghas stifl 4p the cells o

adversd§ %ffe&? te a‘BﬂHﬂr Qf MRREA 1ol oW 0 ANTERHESIBRESHTRARS, f’I‘% methods
produci ng reconbi nant %TOtEI ns havi ng reduced O | i nked

herein gyqid &mcmrx‘u@hdeiﬂnnwmf sistof deletinPie Igdheasnpnbyt dlovring the cells to

srow G SRR flfeid SrRe a7 BurbPE PSR oL b bR a

glycophﬂah aB€bddif arOBiBiRe 57 ihataetitinosfthp PAl @ioddns, bdtiogdl s with one or
ortant, _for cell growh until which tine the

more aab RAnRgsidgses. R PIOECHING Fesogdipagt gb{ﬁ%meguhawrrg Ryedapippotly
particu?a{? 'I@-f g@%ﬁéph t RS tné ?ﬁ%glfuée& O-11&e8 éf%@sy{a‘?loh' gher

eve Tever's
An aspect of the methods described herein is that it provides for a glycoprotein

composition comprising reduced O-linked glycosylation and a predominantly a specific N-linked
glycoform in which the recombinant glycoprotein may exhibit increased biological activity
and/or decreased undesired immunogenicity relative to compositions of the same glycoprotein
produced from mammalian cell culture, such as CHO cells. An additional advantage of
producing the glycoprotein composition comprising reduced O-linked glycosylation and a
predominant N-linked glycoform is that it avoids production of undesired or inactive glycoforms
and heterogeneous mixtures, which may induce undesired effects and/or dilute the more effective
glycoform. Thus, therapeutic pharmaceutical composition of glycoprotein molecules comprising,
for example, predominantly MansGleNAc2, Man3GlcNAcy, GleNAcMansGleNAc),
GlcNAcMan3GleNAc2, GleNAcoMan3GleNAc), GalGleNAcMansGleNAc), Gal(GleNAc)2
MansGlcNAc2, (GalGleNAc)2MansGleNAco, NANAGalGleNAcMan3 GleNAc?,

NANA7GalpGleNAcMan3GleNAc?, and GalGleNAcMan3GleNAc2 glycoforms and having
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could be obtained if the PMI genes had been del et ed.
In addition, in particular enbodi nents, expression of
wa bwongsoenbi nant protein in the host cell is ceek/pvsdobeeis297
by an i nduci ble pronoter and the Pm activity in the
host cell is not inhibited until expression of the
reconbi nant protein is induced. This enables |arge

reduced|Qaitikietl igB&ooflath@shaycetll be effevtiat bi e dodts) Buchathhigher
encodi ng a reconbi nant protein to be produced in
efficacy/pptenie bef ore i nduci ng expressi on of the reconbinant

Pr Ot i SRshl b BB pRIAL hov T RahR OERLS

product Fon of |nant pr ot ei
glycos}ﬂzamnrt@nrpeﬂw:iﬁdmfaﬂmmg«ehbsg ksitwsh laaticler etccxfl dmopmg@ue@:dnbmant or

he cul.ture shaqrt er [ t ha
heterolfghul P i Bfchbisse St 7 miBiee e e B if Rugh) finked
glycosy@RRES TURInAERE RNFertbeWs PROL¥mbiBasrblénSs op&a8blFMnked to
I nhi bitors described herein are inproved over those

regulatefysequanecs thrtaliopiaxpyessian Of tigapepnehingat praeis. Speh wanlafesy

BTN ST T W NN T

nuclelcmatdaemydlag tishfawion iprotEx anp Iaeraﬁscrfphen tereieainaditp Bt@mown stream
allows for thg use of smaller amounts of .inhibitor . tQ

from thleé’(‘}[i]&? W%‘Eﬁp iog [ReossyP P Pretging dhepruglsicadichgleg fypically encodes
as UW%% ha%% %g'?)%%xflg BinR oS 128l & fBOIEnJFa% leQtr Q%gré. The nycleic acid is

natio (gl ycans.” The net ho escr | herei n
often afcawipbndnatBa vémorpeplitable ioweldf mgwydmmeaemmisnmwmgn is expressed

reduced O |inked gl osyl ation .i.n el |
The vefsGRtH s oonR Fnatket s R tesodnif eSS st O, some
cell typRa\WaRBuRi§ ARt N e YudeeBatilly GaHsrmidd Witkeshuddiy 688 lacking
structure but which also Ogl ycosyl ate the

ethan@QPWW@?‘é‘ii@rﬁlce%t hods f or produci ng a wi de variety of

gl yco . ! ‘ Y y

o ycoPRLE A3eL BRI DA BRI N o svera
sources( , dIOA 8dqieacd cah Se aﬂpbﬂe& frenh oﬁﬂﬂinieﬂ:hﬁdmtd\b@ress the protein using

primers SR REE P EioDD (% 171951015 OGE0 651 73, M%B%@ 036584 (1991)
Nuclm@é@ldsz&g@%]be#g%em%&’deo&ﬁroQfasédhﬁl J&gﬁémﬁ@ tﬁe dasfiriaftature.

in the aforeméntioned patent and patent applications
Nucleicamdb@nupdedetsynibesacley extension of oveﬂappmg oligonucleotides spanning a

desired sequence (see, e.g., Caldas ef af., Protein Engineering, 13, 353-360 (2000)).

In one aspect, the nucleic acid encoding the protein is operably linked to an
inducible promoter, which allows expression of the protein to be induced when desired. In
another aspect, the nucleic acid encoding the protein is operably linked to a constitutive
promoter. To facilitate isolation of the expressed protein, it is currently preferable that the
protein include a signal sequence that directs the protein to be excreted into the cell culture
medium where it can then be isolated. In the first aspect, the transformed host cells are cultured
for a time sufficient to produce a desired multiplicity of host cells sufficient to produce the
desired amount of protein before adding one or more inhibitors of Pmt-mediated O-linked
glycosylation to the culture medium. The inducer and inhibitor can be added to the culture
simultaneously or the inducer is added to the culture before adding the one or more Pmt
inhibitors or the one or more Pmt inhibitors is added to the culture before adding the inducer.

The induced protein is produced having reduced O-linked glycosylation and can be recovered
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a gl ycoprotein having predom nantly a particul ar

N-1inked glycan structure and havi ng reduced O |i nked
w@Ropgoepiiat i on usi ng the nmet hod di scl osed her eRCI/U$2009/044297

has been found that some host cells that have been

genetically nodified to produce glycoproteins having

predom nantly a particular N 1inked glycan structure

from tHe R 1tGfeanedi@% or W& protelhs @ut havigy M&gﬁzﬂ s@@fehb@ WoR the host cell by lysis.
conditions than host cells that have not been

In the Sﬁmdquew whﬂre@iwww paifl epeading the pijein inpRpryfdntipked to a
consifE gt o By ARSIy OB TRONERA B0 taion s

added tpah¢ eudukamedmnmat thasanar tihe ﬂm”cullmi@exs Rkthblidked alg:l the @rotein, which is
structures have been added, can grow | ess. well than
produc?(%ﬁzbvéqlg {ﬁ% Eﬁglaé't mggcf glycesyiation. £ag r@qqget&é} 3 the culture medium or
for prof@rg' rfo't aNih®RSg nﬁl@eé@éﬁ@e Gfork BRIBsO&MESY 1G@L! y modified
fungal or east cel'l's, further intro UC|ng del eti ons

of th élmmrcagfeme@nmosh@ns thgt inétﬁn@he edivityeone ek hwrooef the Pmt

proteing SHEHIRBE Kol R PRt BE vt ety PLithE ot Tlale® 41k ficlBed berein

When t&E bbet dehes priveneiladrysie ls@ih(%{slfmgﬁ oeléRglisis @Es1f&@le&hatﬁﬁe inhibitor
he PMI genes b¥ allowng the cells to grow t

inhibit §Uﬁ¢frt éhemtwan ahtmi} esPmi, ebathy b ghes @rﬁaﬁ%uh@ desirable that the
mhibittgﬁmliiﬁﬁi%bl Y g?éf Ot%x@%?%e oy nntﬁghl(%?l: {e%gt c%ﬁg nﬁﬁlﬂ& ¥he Pmtl

Ivity nt protei
or Pmtaptionally with one or nore a 1, 2- nann03|dases to

d t h t ql t h
D1 edori i SRR TR B s T R LD & LeB Ve ptfsing
recomtAht bﬁﬁéiﬁ@ga@%feﬂ{i@éa @Jiﬁﬁﬁ&?gﬂ?%s{y&ﬂon M PRSRESIstRfs BB that had

met hods described herein is it provides for a

intact, @lnyu@ml SE gensorpalde 1 iaod Pt o Engmpledubew timtianyikael of the above

cosykati.o llnke
four Pngﬁ éﬁeg]rl all mhzl%zpo \A%chc}?a ttﬁ d]gk(l:[ feﬁg%xtb 5 {)C/) Ezg%zra &ag zsrl;;gvmg intact,
ﬁmctioﬁxlhq’MLT‘tgehﬁCHnd asasfobhal wigh aalclektdcid dncodingd /a@éceﬁ&ﬁﬁmiﬁiﬁ‘lan anti-
undesi red, i nrnunogenicity relative to conpositions

Her?2 aptiody preieig) persbhoinier (b ideeihlernreompisn AhiEe tims <tfé>|><presswn of the
recoml%frxﬂélg gf(ﬁem%"é% hncﬁi'é %&f&gcﬁ 2 recAHlbm{ ﬂo%ha\;ﬂii%/ Qfétnvgg(?f r@éuced O-

cing t otel n conposition conpr
linked glydesybdio®hat mmmoye@ﬂata/tlt@ thedeek]l @f O-linked glycosylation seen for
Pichia pastoris cells treated with Pmt inhibitor Pmti-3 described in Orchard et al. (Bioorgan &
Med Chem Letters (2004) 14:3975-3978) and patent publications by the same authors including

EP 1313471 B1 and Bobrowicz et al. U.S. Published Application No. 2007061631.

Host Cells

The term "cells" as used herein refers to host cells described as follows. While
host cells for the method herein includes both higher eukaryote cells and lower eukaryote cells,
lower eukaryote cells, for example filamentous fungi or yeast cells, are currently preferred for
expression of proteins because they can be economically cultured, give high yields of protein,
and when appropriately modified are capable of producing proteins having suitable glycosylation
patterns. Lower eukaryotes include yeast, fungi, collar-flagellates, microsporidia, alveolates
(e.g., dinoflagellates), stramenopiles (e.g, brown algae, protozoa), rhodophyta {(e.g., red algae),

plants (e.g., green algae, plant cells, moss) and other protists. Yeast and fungi include, but are
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predom nant N-|inked glycoformis that it avoids
production of undesired or inactive glycoforns and
wheenegeneous m xtures, which may i nduce undeRGCT/E82009/044297

effects and/or dilute the nore effective glycoform
Thus, therapeutic pharmaceutical conposition of
gl ycoprotei n nol ecul es conprising, for exanple,

not limREEER Midkansg. Yole: 16,NAe i Moo RiVhG Finl SARINAE NBRStrehalophila,
A cNAc2, d cNAcMan3d CtNAC2, G cNAc2Man3G cNAC2,

Pichia @]l@a@q\w BeENRe 9 aciess f@f@wr;@a Wg@@@w Pichia lindneri),

UGS N  P AERB e,

Pichia gb;yﬁp?ﬂhmahmdﬁau) Sgttéﬂmﬂﬁbe,ﬁ)slb i(foir eglargply SassHoadmmmes cerevisiea),

Hanseri ey By ore 7 (5 GERERak i HE e el o andid

albzcar@rx@ﬁé%zngs § @heasphariAgs ﬂﬁg WERALAS b dpRKE s mger Asperﬁzllus
gl'ycosylation conpri ses transform ng a host cel

ryzae)a Trigktcerwa aeisdl, Ehvsdipagiva lekrometseaiisafurg. éﬁ)o Iemgapis Fusarium
s desir duce
graminfiodt Bl ek s BFR R et B OO P el G g Yeast in
particulaH Glr& b1 reell @r@'ﬁk@&ﬂbd&@usfe%asﬂ ecfrsdsdhithel lceh@ich all§w1ng for rapid
oper abl y Ilnked to requl atory sequences that al
transfoanations.deeed potambocpliegan sridagiop et &cHe ggﬁﬁclﬁm&@ur Epmues

Smtablg ﬁ@éeigﬁ%%% é;Eb%ééf&% C@Htrblnsgtfgén%se s&fhhe r6iho f%Hsd rfoRdi d&g@\' ly

ancer ‘upstrea el ¢ acl
phospheglyottatedinadse of obergriygiyptosinayang aad tn angiordf pepleation, termination

term nati.on site or down streamfromthe nucl eic
sequented, SRE SRR AYiad, -

reconbi nant protein. The nucleic

aci d atsRub yRisGaklcl a8 RCRRES, Bchia Pt is S8EMR n@B8cA and
ri bosone binding site and a 3' untranslated regi on.

Hansenepalusbihe agciudrengy @fetf@wdafoe ovtpoHam beshuse thescargeble to grow to
high ceil%gagc?sgal%ns $ gcreEFel%rgv gg'ti%u €3 gEretggr%gzr ecﬁgr {e}]arﬁllﬁg\% eflilfn&lentous
fungi, sakh eyvdsRealing higom Fakarina e ameghoeetiass, ahldvRIcan HeMEed to
cell types, particul arl% east, can be successfully
qa

producg FesABPHIRFERIOWIAYR A1 fsbsiakseals d | acki ng extraneous
VeCt of oJRHUARGRRes, in particular filamentous fungi and yeast, can be genetically

modified so that they express proteins or glycoproteins in which the glycosylation pattern is
human-like or humanized. This can be achieved by eliminating selected endogenous
glycosylation enzymes and/or supplying exogenous enzymes as described by Gerngross ef al. in
U.S. Patent No. 1UUS7029872, and U. S. Published Patent Application Nos. 20040018590,
20050170452, 20050260729, 20040230042, 20050208617, 20040171826, 20050208617,
20060160179, 20060040353, and 20060211085. Thus, a host cell can additionally or
alternatively be engineered to express one or more enzymes or enzyme activities, which enable
the production of particular N-glycan structures at a high yield. Such an enzyme can be targeted
to a host subcellular organelle in which the enzyme will have optimal activity, for example, by
means of signal peptide not normally associated with the enzyme. Host cells can also be
modified fo express a sugar nucleotide transporter and/or a nucleotide diphosphatase enzyme.
The transporter and diphosphatase improve the efficiency of engineered glycosylation steps, by
providing the appropriate substrates for the glycosylation enzymes in the appropriate

compartments, reducing competitive product inhibition, and promoting the removal of
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Nucl ei ¢ aci ds encodi ng desired reconbi nant proteins

can be obtained from several sources. cDNA sequences
we2am9esoanpl ified fromcell lines known to expPEBES20hE044297

protein using primers to conserved regions (see, for

exanpl e, Marks et ah J. M. Biol. 581-596 (1991)).

Nucl ei ¢ acids can al so be synthesi zed de novo based on

nucleoSEIHBREDBates) SebFobSlaIE fadnroted at. uh €. S Nubliched merﬂ S\pplication
can al so be synthesized by extensi on of overl appin

No 200400 0 end Blentilian, SPhricingcn Ak gAdd6sed erderepisatoned U S. patent

gs et ai, Protein Engineering, 13, 353-360
andpat?;it%@g %ﬁ ﬂl' one aspect, the nucleic acid encoding the

\%L ot ﬁiB’yl \iv@{ sfpzaabley a hosticel (fop erampladeast ol émrgal)rmn ée selected or
: ich all ows expression of the pratein tq be

enginediblp Ressplcacl i HTAED! apnkurpse et oErs wapRptictvise add
manno§ e Qi d Gt e - @fy@éﬁ‘oi’ Sl %_9@(?1&6‘@ 1Y ahd KEAREAnAude a nucleu: acid for

constitutive pronoter. TO facilitate isolation of
ectopicexpresserdf pr otlél mantosidase auivitgnvhigh prablesmapdustion af rmh@blnam

t | ud
gycorfl bttt 20 SR et RS et M Racihe
giycopf’mﬁ & ﬁrbdlgtf%@ i Jih% 'Tlog’tece!@ Q&%trcﬁg% td 1'?1& trﬁh%acfd &e%&nlﬁ%ﬂi%?ém the host cells
t ranst or mred cultured for a tine
will p;rcsdjfcé B glyenprotean bmn@ pEdama;mistly eMml&IqﬂﬁActh«glyw snwsmre and

cells sufficient to produce the desired
reduceqb Poglzpasylsdp pempared Hyths 867capPIofiR erqdﬁ?ﬁdup?l& tRerwise. na

further R9becBEH e ek1Qs! eh @é}e@{&’ﬁlﬂﬁ&l ati@da 590151%%0&1%1; &ft ic expression
cf: &% he

eln and i nhi bitor can be ad
of GlcAatL txanséezssaﬂtﬂcnanygombly emablasipeodustion ef gllyeom@idms htwmg he

oGS SR 1 AU AE B, ST RROREE e o

cells aceltding © (RehRiR dadstrad hbRid, BEUERE cellbRallipRslitced oPfcop@idin having

i s produced having reduced O |inked glycosylation and
predomipantlye Glsbd\edfanaHam end-gytapsiractyecindrediced 6} -glycosylation

COmPﬁfc%Qﬂ? el%ggiy{]pﬁitngmgﬁah&ﬁﬁa ) g‘gﬁ!@l g@: e?ec elw,?ei{;ﬁﬂq spﬁléflspect[ the host
cell is éﬁgﬁa{e%te% 18 Glirthet RHeAfeHhche: M@ tRIeBtobRe XPRIABA ¥f hafk®itase II

constitutive pronoter, the one or nore inhibitors
actwlt)o ﬁvhnrh enabigh atc@@ot@n MWOQW@GS bavang pidominggded to t he

GICNA&E’#%%FF%% N\ %@ PR N oltl r#coé%tm%?s p%clil(lh}c%& € 4% host cells according
to the method described herein, the host cells will produce a glycoprotein having predominantly a
GleNAcMan3GlcNAc) N-glycan structure and reduced O-glycosylation compared to the
glycoprotein produced in the cell otherwise. In a further still aspect, the host cell is engineered to
further include a nucleic acid for ectopic expression of GleNAc transferase II activity, which
enables production of glycoproteins having predominantly GleNAcyMan3GleNAc) N-glycans.
When a glycoprotein is produced in the host cells according to the method described herein, the
host cells will produce a glycoprotein having predominantly a GleNAcoMan3GleNAc2 N-glycan
structure and reduced O-glycosylation compared to the glycoprotein produced in the cell
otherwise. In further still aspects, the above host cells can be further engineered to produce
particular hybrid or complex N-glycan or human-like N-glycan structures by further including
one or more higher eukaryote genes involved in N-linked glycosylation, in any combination, that

encode for example, sialytransferase activities, class Il and Il mannosidase activities, GlcNAc¢
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produced having reduced O |inked gl ycosylation, can be

recovered fromthe culture nmedium or for proteins not
wh2o0P/mgpodl si gnal sequence, fromthe host cell BYI/UyNDB044297

Chem cals or conpositions that inhibit the activity

one or nore of the Pnt proteins useful for producing

proteins with reduced O I|inked glycosylation are

transfedSSH! MOV, VEVE TR ack¥i6)] ahd) 8alhQ16de teedkferdss adtivif\WEL is currently
eukaryote such as fungi or yeast, it is desirable that
preferablgdhat i ¢sills drthon nabide oie oF awse of pusleie agids enpoding bPY-spgcific

sphese Bt B oM SlooEBRORES: old pp-(ERL ARl porer
activity.n t he hi gher eukaryote that corresponds to the Pntl

or Pnt2. The conpouynds of the invention are shown to
be efrr;" %ﬁ}’é‘ﬂﬁ?mﬁﬂi&g]é‘i‘rﬁbm@}égﬁﬂiﬁ FhEXBTSIon; HOTHeR ARl

g1ycopfo§&wﬂh (Rdubkediftky ¥ dyRtoANs itanlgﬁi shbiangst %rie?{arg le, ]’iarrick &

strains that had intact, functional PMI genes. Table '
Fry, 198 hdTEn giintebotliasfHixislopiae 251 Brdiy; Beritenuioyer ohel W, Plagt Mol. Biol. 17:

ve fouyr hem . i nhibiters ed,t LUk e,
so5- 7430 o0 T PERERI Gl 191 SO0 e AtAL o, RS2 7,
Preferablénstirit @08tk ifdMdeg e sarpld, M Bniiboik eloMidYaBadiwt Ntk dtiana rustica,
acid encodi ng a reconbi nant, human anti- Her2 anti body

and Solgrtdvhereiset-abl y |inked to an inducible pronoter at
the ti cp(feilg?gge S2halo¥e utsa?torﬁgmga?ﬁ%s Qﬁ@gﬁg&hré\%e s proteins

i nduced, pro a reconbi nant® pr ot avin
and glyobproethsoeith flducdded-lpkyd glyybsytdtion, dshiaghtvhereimipr exeaple,

baculotii st i RBviiEne Gleesior FEatvag: SHEEH “Bit- A5 B Gehnolozy 8

651-65FNti -3 described in Orchard et at (Bioorgan & Med Chem
Letters (2004) 14:3975-3978) and patent publications
by t heAlgwugh aotdurestly aceaedpmirabio culugsapilospr eukaryotes and

prokars3s) BB e el 5 D R 0 Mt posse grgeins and
glycopfodigy with Gedposd Ocalkled gtlesanithads asghohdreing SedWileicker, From Genes
to Clones (VCH Publishers, NY, 1987). Suitable hosts include CHO cell lines, various COS celi
lines, HeLa cells, preferably myeloma cell lines or the like or transformed B-cells or hybridomas.
Expression vectors for these cells can include expression control sequences, such as an origin of
replication, a promoter, an enhancer (Queen ef al., 19861, mmunol. Rev. §9:49-68), and
necessary processing information sites, such as ribosome binding sites, RNA splice sites,
polyadenylation sites, and transcriptional terminator sequences. Expression control sequences
are promoters derived from immunoglobulin genes, SV40, Adenovirus, bovine Papilloma Virus,
cytomegalovirus and the like. Generally, a selectable marker, such as a neoR expression cassefte,
is included in the expression vector.

The nucleic acid encoding the protein to be expressed can be transferred into the
host cell by conventional methods, which vary depending on the type of cellular host. For
example, calcium phosphate treatment, protoplast fusion, natural breeding, lipofection, biolistics,
viral-based transduction, or electroporation can be used for cellular hosts. Tungsten particle
ballistic transgenesis is preferred for plant cells and tissues. (See, generally, Maniatis ef dl.,

Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Press, 1982))
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host cells for the nmethod herein includes both higher

eukaryote cells and | ower eukaryote cells, |ower
weloanysose cel |l s, for exanple filanmentous fungkCoUS2009/044297

yeast cells, are currently preferred for expression of

protei ns because they can be econom cally cul tured,

give high yields of protein, and when appropriately

nmodi f iCe@e akgress2podt pro¥inPs0gyeipicteit BhahH fediasd OJinked
sui tabl e gl ycosyl atjon patterns. Lower eukaryotes

glycosylaign raa by eugified peeriing otangecd pragrdurasial she 3. endudipg papmonium
sulfate ?éecght\ég&ll Al &1¥nns Q A @Q&h%t@gl%g% tg@f IQ&Fd?}ﬂBfeEg%nd the like

éwn al“gae, pfo 0zoa
(See, galegdly) ScqpleaR.sPiotein Purificaion (Spgeeer- \@!r]agtNﬁéJ 1%2))nﬁﬁl®$tantlally

pure eIgREHIEITS PhRGER Forut B B o B ORGP o 99% or more

homog&_iwz%ds‘@ pre?érféal %rfghaln%@mfc@l ufdl C Oinde piireiad, g hﬁy%r to homogeneity
_Pi chia kocl amae, Pichia nmenbranaefaciens, Pichia _

as desingilribe arqt@gapzae@embmused thepppsvitigallyi (ieheding extRicotpiogeally) or in

develo;BHum p%raogf%ég has%ayb?r%r? éltrﬁ% ienérgnrr};?dﬂ n Che'an s Satlm%%?s}, gﬂé flie like. (See,

generale GﬁhmnﬂbfghahMet}ﬁ)aé,,VcﬁaqcahdHWflﬁfn@ ﬂnd I’étﬁfs &%6aMUabemic Press,

charonyces cerevisiea), Hansenul a pol ynorpha,
NY, 19@@9@/&?%1(})/%3 sp. (for exanple, Kluyveronyces |actis),

Aaper oL g R b PR PO B omnrising =

predominqnz agecies Df Neplyder stacheese] haviy méwﬂdﬂmhed glycosylation compared -

uckno Fus r.iu f.or Ie Fusa m
to comp PSRN e SRR O OEERRAE ™ DRSO HER G S fig g been
incubate th INeWrASRAQY GF a8 BRor OFeRHLmedileR @ lihicd MoosPhon or an u-1,2-
currently preferred because yeast offers established

mannogjdise chpablad] iowmige fure fapiode maansfeoesided fm@ a gleespesiructure or
both. IE Rg%:%hﬂr l %@g%@lggi %Qpr%%rr? (%'g;'lyoes?t\lloenc qnpf glyg Xﬁp}gteln havlllng a

predonigunt NoglyS@OURIONES sel&tahiras tiy @b esissisting @E MHnR Gl Acy,
hospho(% ycerate kinase or other glycolytic enzynes,

Man3 eNgrcNaos Gredpide @ﬂmﬁcha@{ﬁﬂpNémoﬁalcé@unwe@cNAcz,

GaiGiCﬁM%zsdrlﬁﬁ? S%ﬁi@ SREn Vhei At R i oteNAcy,
NANALBRERUL R Aot 4%&@&@@@&?{%&3@%&9 L cell

ure y are“a
GalGIcNAcMan?,GlcN’Acz glycoforms.

Pharmaceutical Compositions

Proteins and glycoproteins having reduced O-linked glycosylation can be
incorporated into pharmaceutical compositions comprising the glycoprotein as an active
therapeutic agent and a variety of other pharmaceutically acceptable components (See,
Remington's Pharmaceutical Science (15th ed., Mack Publishing Company, Easton,
Pennsylvania, 1980). The preferred form depends on the intended mode of administration and
therapeutic application. The compositions can also include, depending on the formulation
desired, pharmaceutically-acceptable, non-toxic carriers or diluents, which are defined as
vehicles commonly used to formulate pharmaceutical compositions for animal or human

administration. The diluent is selected so as not to affect the biological activity of the
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high cell densities and secrete |large quantities of

reconbi nant protein. Likew se, filanmentous fungi, such
w@oonggsoui | | us ni ger, Fusarium sp, Neurospor aPCFESX)9/044297

and others can be used to produce reconbi nant proteins

at an industrial scale. Lower eukaryotes, in

particular filanmentous fungi and yeast, can be

combing8Set Egahpi¥s SRk tiﬁﬁ%rﬁ@ar& Bﬁhll&éﬂ &aate@ X SIS gRiaPbigdspBatibuffered
ycoproteins in which ycosyl ation pattern is

saline, Ringars $qlwé>r=@,rdeﬁtm@nﬁ0béwn %w? Haglgnsadetione Hi edditiopythe pharmaceutical
composg{rl]%ﬂ}%éﬁgﬁ xéﬂa&%?@dm@fﬁ% ORRPUS ALY & acgéé’ddn?st b&goe &éx"es

exogenous enzymes

nonthet@peutiyy ﬁﬁrﬁrrﬁtunagemt Etabileers,F?ﬁﬁehé likg. US7029872, and U.
S. Pu% i shed Patent Application Nos. 20040018590
200501 POUBSUlRGO SUDRRTF IS TS RSHII; INBHREELYR e,

Substan%gﬁﬁ RLhR2 ?yro%@zgﬁgg gﬁpﬂr% aréd %%@%9@ W&QW%@%%DA or similar

and 200602 Thus;, a host cell can additionally
body. thcapmmlm:z\belaglmbestewglaa efeccédalc doselgpfr esssobrimnar spspegsion of the
enah

substany B Do AL RS P BP RGP R g hehghbe

sterile Nd18d SuchGA @ bR WaNE faRrdorletiget, eﬁddlﬁm@lb’oﬁmhary substances,
subcel [ ul ar organel le 1n which the enzyme will have

such asopetiipgpr eeelpiying aganis seteeptte PHRuTREaE sultanspy#d the like can be
t

presentgg Fzﬁfnggsa}ﬁ&{sr A% %[B(J #ﬁ;:gﬂ?r&g gf @ga‘fgl)%(\é!rutgggl Clgﬁl ‘gHﬁXﬁ@m HRRE of

petrolemmcheoil, degdtatdap oyitheticantiinrfonexauglle peame 011 soybean oil, and

. i phosphat ase enz . The transpqrter. and
minerafip ) BoBRaRA Eh S ot OvEs PHEYERS Pareet pobrgieys slslage preferred
liquid c%}rY&Q SRkl P8 185 ﬁfé%tabﬁ*yseﬁﬁtﬂa\ﬁ's dighetobRReIAPRINOR! dddifistered in the
substrates for the gl ycosyl ation enzymes in the

form 05@@%@@ ijectien oo impplentimeepasationedbich ngn b@m@ulamdue spehoeimnenner as to

permit alsbﬂ%lg%%lé{l]égge oiggg 5&*\78 in nx%%t he fye];)trrc;%;ﬁ Of %%1 1Jtore199 ﬁrle%%?Pared as
injectalless eitiels ilig hRidoRAToan br %périsﬁﬁisj @ihdl‘fbrrﬂsf)@lﬁ@ﬂk §&9 L in, or
Ham | ton, 2003, Science 301: 1244-46 and _th

suspensipi e HEHI ERISES Drigr tqiaiceHen saRlpmbeprePappl IE%PH@B%@HOIB@SO can be
emuisn:i@d’h x‘ﬁn) %3%3 d‘%n i Qﬂﬁés éﬁ* 211}1&0(1;&%01@5)@1@9 LEpolyRBSde, Bblyelycolide, or

ect e
copolymer for enhanced adJ avant effect, as discussed above (See Langer, Science 249, 1527

(1990) and Hanes, Advanced Drug Delivery Reviews 28, 97-119 (1997).

The term "or a salt thereof" refers to salts prepared from acceptable bases
including inorganic or organic bases. Salts derived from inorganic bases include aluminum,
ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic salts, manganous,
potassium, sodium, zinc, and the like. Saits in the solid form may exist in more than one crystal
structure, and may also be in the form of hydrates. Salts derived from bases include salts of
primary, secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines, and basic ion exchange resins, such as arginine, betaine,
caffeine, choline, N,N'-dibenzylethylene-diamine, diethylamine, 2-diethylaminoethanol, 2-
dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethyl-morpholine, N-ethylpiperidine,
glucamine, glucosamine, histidine, hydrabamine, isopropylamine, lysine, methylglucamine,
morpholine, piperazine, piperidine, polyamine resins, procaine, purines, theobromine,

triethylamine, trimethylamine, tripropylamine, tromethamine, and the like.
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engi neered to be depleted in 1, 6-marnosyl transferase

activities, which would otherw se add mannose resi dues
wo0e/1430¢1 N- gl ycan of a gl ycoprotein, and to fRET/H£2009/044297

include a nucleic acid for ectopic expression of an

a-1, 2 mannosi dase activity, which enabl es production

of reconbi nant gl ycoproteins having greater than 30

m)l e [RecempolaiRYBtieMe@nNngbyt@Nsay Witdin @ne or more asymmetric
ycoprotein is produced in the host ceIIs accordi ng

centerStaadtcﬁréth\lépm ag| Esemplss anh EcaRic mpREch shgleamapdorps)

diasr QAT 1 YEORQI PR DR, TRETARR bl RolPReant o

comprehonpall eethtisorhére ity obmmeenomp@nndmced in the cell
other e. Inaf

h t, i
oot ndGHE oGP SR 2 agiegiFf endREmiE Gorand phrases used

in conrREHGPIEN ‘ﬁ'liﬂfr@s%%i i%}e:ﬁfon%lﬁl'l"ﬁ@vé tha Rheinas that ar@(éthiJnYy understood
whi ch enab production of glycoproteins having

by thosgroé dustimana ﬁlilﬂyrl GleanndivahsGluokae othirvg byreanised hyhemmiext, singular terms

QR L8 B PSS PehBE RSl B8, CBaPB. e

used inoatkition avig, WQEMIQKIE@ ofdibchemBae d@iiymal’ﬁgbrymalecuiar and cellular
A cNAcMan5G cNAc2 écan structure and reduced

bldog}@%PW@%@ﬂyag‘Ff@ﬁc%WP i l nysEIGRqie ehsystay Andhipuidizetion
descnblegg&laﬁi gkﬂos%'%ﬁfl&fb%ﬁ !1@01%1{ ot ded 11§ﬁ1]le al(} APRGG: ocfsr%ﬁd

'S englneere rther i1nc e a nuc elc
technigmes of the presmtomeutlesx prmsenaﬁy pérfmmwdcasmiémg td bonventlonal methods

acti.vit ch, enabl.es roductlo |ns
well ki bl A eS 1 ARt AR B T ES e SR fhat are
cited afd &%Mﬁ%tﬁfo%%ﬁoﬁt&h@ﬁt@%@ @;Sizciﬂbaﬁ&@mlﬂ@%totﬁtﬁ{dé 1%6&&&“ 8¢k, for
to the nmet hod described herein, the host cells wll

examplgr Sernreok eghly Mofsculas Chorie |Pn§alpK§GWrMﬁ@Fﬁﬁ>l 24 e, Cold Spring Harbor
Labon o IOENTIEKSARF RSP ORIELIER 208 RSPt

Molecular BiokegeGiteend Peblivhig. Aslsﬂ(nateﬁ m@ngﬁndﬁuﬂplempﬁ@tzowh @larlow and
cell is engineered to furth ZEI ude a_n

Lane, ﬁs%dlrearf’xéég%ram Hals SPihSmstn @Pmé’rf%g Sﬁﬂﬁ Spring
Haxbo@ﬁzlil’ \r’]('l 99’{)‘);‘%%&1;?51% k%ﬁlep rliggbvﬁfﬁg%ﬁ‘ E:(Pl\g QQBMSR)%SI g(tg%fs(’)?@ Univ. Press
(2003); Worthlng‘[on Enzyme Manual Wor{hmgton Biochemical Corp Freehold NJ; Handbook
of Biochemistry: Section A Proteins, Vol I, CRC Press (1976); Handbook of Biochemistry:
Section A Proteins, Vol II, CRC Press (1976); Essentials of Glycobiology, Cold Spring Harbor
Laboratory Press (1999).

The following examples provide methods for preparing various Pmt inhibitors of

the invention.

EXAMPLE 1

O/

000 iﬁ \/\@
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When a glycoprotein is produced in the host cells
according to the nethod described herein, the host
w@ziobg43pl | produce a gl ycoprotein havi ng predeCi/Hsaond/g44297
a G cNAc2Man3d cNAc2 N-glycan structure and reduced
O gl ycosyl ati on conpared to the gl ycoprotein produced
in the cell otherwise. In further still aspects, the
above host cells can be further engineered to produce
particul ar hybrid or conplex glycan or hunna
N- gl ycan structures by furt g 8 @ nor e
ohigher eukaryote @egrfes |n\m |n
V6OSY haBAibsON g L yorcenbifat ian, th5t coge for LAH
anpl e, starytrans erasé‘éETTVTTT§§“*tI % and ||| g
nosi dase acti ves G cNARY PYnsf erase | I
. VI, I X activity; and gal act ose transf F
astivity. It is curtently preferable that dhe cglls
further include one or nore of nucleic acids encoding
UDP- speci fi ¢ di phosphat ase activity, GDP-specific
hosphat ase activity, UDP- 3 cNAC transporte
ivity. Plangsgand pl & @a
no .or expressi on AAf
HO

ell cultures may be
réduced O-lin

s” and gl ycopmredei ns%é?/\n
risn (‘See
e &MY ck & m DAt i bﬁjﬁdvﬁ
HO im: 172- 88); venut pal., 19 nt .

Ioatl on as taught ™ he

MO 5Bi ol 17:F 865-74); Durin et al. 1990, Pl ant M.

Biol® 15: 281-93): Hiatt &f al 1989, Nature 342:

76-8). Preferable plant hosts include, for exanple,

Anbi dopsi s, N cotiana tabacum- Ni cotiana rustica, and

Sol ari t uberosum | nsect cul ture Gapcal s@ be

used t roduce proteins _ang gl ycoproteins prgL)él ns
HOL g coprot ei ns WY r Sdulen OI i nked gl'yosyl ati on,

e asmd-aught herein for exarfpl ]
expre A~sy (See, d.0
199 | Tec y 8 6 Al t ou@h not

currently ag¢ economical to cultur®e as | ower eukaryotes

and
< i O/

HOOCM\ \i@/

\/\©\F

EXAMPLE 1
Step A
o 0 0.0
g o0~ NaHNBS ™0 o™

R —

11 1-2
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prokaryotes, mammalian tissue cell culture can al so be

used to express and produce proteins and gl ycoproteins
waeaokvigdduced O | i nked gl ycosyl ati on as t aught PGIEDSI009/044297

(See W nnacker, From Genes to C ones (VCH Publishers,

NY, 1987). Suitable hosts include CHO cell Iines,

various COS cell lines, HeLa cells, preferably nyel oma

To a soligioh Jfi1ES. 9 g,tﬁg&ninblgen () 3138 (Q@@&ﬂgrm@d&cmbmz Org, 50 mmole)
hybri domas. Expression vectors for these cel

portionwm;e} dde f@%@ﬁif@s@i’f@ﬁe censised adh Gelos ball 28 fow. é%heﬁrN BS (4.86 g, 27.5
I

mmol) g{ak g%(ﬂefggtgra%e rsﬁfrirfg(?] gcf}rl'S F?qmﬂ{eg Whg{»ggg ,Qolg{lggg]nggéergé é%‘c?ﬂal@ filtration

was coqreotratsd tongive afreridret whithsvdselissobrad in @8 (1§ haisiried dvenﬁa;gﬁ;gh The

sites, RNA spljce sjtes, depy| ati on and
solventy YRV BE DG b il S5 el BRIk Svas g 56 Sp s ep withou
further pORficMonsequences are pronoters derived from

I mmunogl obul i n genes, SV40, Adenovirus, bovine

Papi |l oma Virus, cytonegal ovirus and the l'ike.

St BGenerally, a selectable mar ker, such as a neoR
expression cassette, is included in the expression
vector. The nucleic aeid encoding t he Qtein to be
expressed can be tr t hee i
convent gppal et whi ch qd pending on the type

ofest. [For exanpl e, cal@iu” osphat e

treatment, proteptast—fusien—nat uya

[ n, biolistingspwviral -bas

ation can be used for cel

ener al | ¥4 Mani ati s
et al., Mdlecular doning: A Laboratory Manual (Cold
Spring Harbor Press, 1982))Cnce expressed t he

ro s} GhE e e L SARUEELRS 1) BB S DU e e

NaH (2e0€ 90 uh@s]) ahd Uﬁ:ﬁ sfrkd af A6MUSIMPEraARIBRHITHE Ul fulting mixture
precipitation, af flnlzé col umms, col umm
c

was pagiiion b@i@ﬁ@pwyter o) Fi§) o c Thogpsabiaed ergarig lasise wetewashgdevith brine,

dried o?%%?&%é{e%{ﬂ ’%)hﬁ:ny‘ateﬁr g'gg)r%lzdoué{%%sltpc a%'leg gy yreﬁu”lr"lé(l to give 1-4

(800 mg| yaaam;%pl ‘rlagl\MRa(uoa PES, cmmg;s 9@6«@ 19594 .heanEEas] 119),
7.49~736 (" 1H), 7 377, 33a(?n ST, 7.50 (d Y 0By “IH), 6.97~6.92 (m, 3H), 4.28~4.19

(m, 6H), 3.16 (t, J=6.6 Hz, 2H), 1.11 (m, 6H).

for plant cells and tissues. (See, g

Step C

0 o LAH HO
0 S — - HO
< 0\/\©\ \/@ i
H
F F
14 1-5
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honbgeneity nost preferred, for pharnmaceutical uses.
Once purified, partially or to honogeneity as desired,
WaQ bw9p4308ei ns can then be used therapeutical | yPCT/US2009/044297
(i ncluding extracorporeally) or in devel opi ng and
perform ng assay procedures, inmmunofl uorescent
stainings, and the |like. (See, generally,
To a subpersival o3 diAda (3 9¥ahfadsnmyDlis THF @0anl) wAsLLlik®Yid @ .326P.6 mmol) at
Pernis, eds., Acadenic Press, NY, 1979 and 1981
°Cantlithe @ﬁ@ﬂég DO WRS W{f@.aaé@nare@r&rwﬁm(bmﬁl The mixture was
careﬁllféﬁ yca st Fod "?{gl giﬁ% cfl \?Bﬁﬁggg%g% %Rr?fe% Er?d RloAc. The organic
layer wgb yegsyltathiron, dedpaeesbdion tsmllﬁale snd canrsntodted. HEhe residue was purified

by presp Y E R B et PG AL . { he presence of an

i nhi bitor of Pnt-nediated O |inked glycosylation or an
a-1, 2- mannosi dase capable of trimm ng nore than one
S‘lelﬁl’rna\nnose residue froma glycans structure or both. In
particul ar aspects, the glycoprotein conposition
conprises a glycoprotein having a predom nant N-glycan
structuressgl ected fromthe group consjsting of Mans

Gal AEMaN5G cNAC2 5 Galf
(Ga I\lAc)

CINA A
NANA2Gal 283 MREreNAE; SRHd Gal G c2
gl yc%or 5 cal Ot | [ nd
gl ycop i ng duced O |linked gl ycosyl ati'onF

can be incorpdrated into pharnaceuticaligonpositions

Corrprl SI n the coprotein as an active therapeutic
To a solgionrofdny %e%/ 4mgplgpRel-d m!pqmg@g@an@ &l mp) was added catalytic

amountggslc(g??@ %? %[Ei gﬁ'&ﬂk:g éléqug%l % ﬁ]l 4 g asssg%%’arf - %Lﬂolu? Qt! room

temperature. The mixture was purified directly by prep-TLC to give 1-6 (100 mg, y1eld 28 %).
TH-NMR (400 MHz, MeOD) é ppm 7.52 (d, J=8.05 Hz, 2H), 7.40~7.15 (m, 5H), 6.90~6.85 (m,
2H), 6.80~6.75 (m, 2H), 4.25 (s, 2H), 4.23 (m, 6H), 3.0 (m, 2H), 1.48 (1, 6H).

Step E

O MnO, O
S o ST
HO o \/\©\
F = F
1-6

To a solution of 1-6 (100 mg, 0.22mmol) in dried DCM (25 mL) was added MnQO; (174 mg, 2
mmol) in one portion and the resulting mixture was heated to reflux for about 2 hrs. After
cooling to room temperature, the mixture was filtered and the filtration was concentrated and the
residue was purified by prep-TLC to give 1-7 (60 mg, yield 60 %). "H-NMR (400 MHz, MeOD)
d ppm 9.5 (s, 1H), 7.52 (d, J=7.2 Hz, 1H), 7.48 (d, /=2.8 Hz, 2H),7.30 (m, 3H), 7.25 (m, 6H), 7.0
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Pennsyl vani a, 1980). The preferred form depends on the
i ntended node of adm nistration and therapeutic
w@ppbi€asi on. The conpositions can al so i ncl udBCT/US2009/044297
depending on the formul ati on desired,
pharmaceutical | y-acceptabl e, non-toxic carriers or
di luents, which are defined as vehicles commonly used
(t, J=8 60 QHNH. 89 en RRAIGHEAH), 6db (6.0PBAS:, 1HYIG23 ah, 68, 38 (nQR2H), 1.48
human adm ni stration. The diluent is selected so as
(t.6Hnot to affect the biological activity of
t heconbi nati on. Exanpl es of such diluents are
distilled water, physiol ogical phosphate-buffered
Step Fsal i ne, Ringer's solutions, dextrose solution, and
Hank's solution. In addition, the pharmaceutica
conposition or fornulation can al so include other
carriers, gadjuvants, or nontoxic, nontbherapeutic,
[ c stabilizers, and the |i
Phaigf | conposi tions,for p#renterd
adm api on are sterile,._supstantisaldy isotonic,
pyr dgeti-free and

prepar ed imFaccor@ance _wi gh of
the FDA mTar @ . G ycoprotein n bé
admi nP as i nj'egrabl e dosage$:Q olutio .

suspensi on of ,t;he substance in a physiolog%sglly
acceptabl e diluent with a pharmaceutical carrier that
To a sch@brd 137 880ahk| ®17 htITinSTIER vas 28@i8Y NH SandSB¢ +eR€lting mixture
glycerol, or ethanol. Additionally, auxiliary
was st@a% st gapdsmpetgbne fog 2dwnrs. nbhegelvertives fepioved dyeasug to afford the
r . ' : Lk ke .
erude T8TGPREORDS viehll RS SRR hERSE S Mg 6 HRation.
pharmaceuti cal conpositions are those of petrol eum
ani mal , vegetable, or synthetic origin, for exanple,
StePGpeanut oil, soybean oil, and mneral oil. In general,
gl ycol s such as propyl ene glycol or polyethyl ene
glycol are preferred liquid carriers, particularly for
i nj ect abl gl utions. d ycoproteins gam\be
adm ni ste in the formof a depot NnLgction or
i npl &R yr'epar ation which can be forpul ated in such a
manner ag 0o permit a sustif¥d rel gae of the active

ingreﬂ?ent Tyni cal | COMpoOSIti doNs arle poe ed. as

i nj ect abl ei t her liquid solutil or

suspefsi-ohs:” sol i d Forhg suit abl @xfeixsol uti on~Na?~pr
1.8 1-9

To a solution of 1-8 (60 mg, 0.146 mmol) in DMF (6mL) was added NaH (24 mg, 1 mmol) at °C

and the resulting mixture was stirred at the same temperature for about 30 min and then CHsl

(0.2 mL) was added into. The mixture was stirred at the same temperature for another one hour.
The mixture was then partitioned between H,O and EtOAc. The combined organic layers were
washed with brine, dried over sodium suifate, and concentrated. The residue was purified by
prep-TLC to give 1-9 (40 mg, vield 63.0 %). "H-NMR (400MHz, MeOD) & ppm 9.6 (s,1H),7.52
(d, /=8.08 Hz, 2H), 7.43 (m, 1H), 7.36~7.30 (m, SH), 7.16 (d, /=2.02 Hz, 1H), 7.0 (t, /=8.6 Hz,
2H), 6.89 (m, J=8.6 Hz, 2H), 4.23 (t, J/=6.56 Hz, 2H), 3.95~3.85 (m, 4H), 3.30 (s, 6H), 3.13 (dd,
J1=6.26 Hz, J,= 6.26 Hz, 2H).
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suspension in, liquid vehicles prior to injection can
al so be prepared. The preparation al so can be
wemeb3430ked or encapsul ated in |iposones or mRCLUS2009/044297

particles such as polylactide, polyglycolide, or

copol ynmer for enhanced adjuvant effect, as discussed

above {See Langer, Science 249, 1527 (1990) and Hanes,
&gpﬂﬁ@vanced Drag Delivery Reviews 28, 97-1 19 (1997). The

term”"or a salt thereof refers to salts prepared from
abl e bases |Q5 Hdrn i norgani ¢ or org
derived frominordangc bases incl ude
agyoni um cal ci um  ¢op ferric ferrous,
Agoesi um nanganre—saLLs~enan E potasso

\
sod Umo zi nc, and t heNPre. Salts | t heosol
|st [ n e t htaineremdiucr yst aI u tur C&%@@\
0 oe in th ;/ ot m of hydrates. ed from

bases i ncl ude salts of primary, secondary, and
tertiary®am nes, substituted am nes incl uygi 1
naturally occurring substituted am nes, cyclic am nes,
and basic ion exchange resins, such as arginine,

bet ai ne,, caff ej ne,

hal j
A mixtNreNgL 1) (g Cofiasin LA T e, OommpD e NFLOAC (70 me, 0.9
5 oy PSSR IBIR o B Y ADAOM Bl pter oo
room temmmyrep tmecslﬂiﬂzngmigWWmmtmted@bﬂﬂl&l@wqunHCI hmsltpfﬁréi*ré and then

pri SR o s SRR R ke R LS8 A, avie

over N@S@);%h@ QondRHirhtB@SThd ra@mlaé Nk Pesifidd b)ef)ﬂéﬁlfﬁ"ll@‘ & glve EXAMPLE 1
trinet ylanrne trlprq§¥ anm ne, tronetham ne, and the

(30 mg} yiklsl 5H%) evnpeinvasolist  HhEMR &EMHEMeRD) dppay 46~7 53 (m, 3H),
ai S r t
0 7317 T RS O B SIRSHOTEL O o BB 370, D098 o, 2,

3.85~38)@6(ﬁt KBINEY. 36~31 DG, GHHORR 043, 1 I dd, UE-eR2@Hd, J ﬁ@t’zsﬁl Hu@H). MS m/z
di astereoners. The present invention is neant to

612(M&bhpr ehend al | such isomeric forns of these conpounds.
Unl ess ot herwi se defined herein, scientific and
technical terns and phrases used in connection with
the present invention sHHAMRA¥E t he neanings that are
comonl y under st ood E

’ &
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by those of ordinary skill in the art. Further, unless
ot herwi se required by context, singular terns shal

WO pob/a¢bo4t he plural and plural terns shall i nck@UES10hE044297
singul ar. Cenerally, nomenclatures used in connection
wi th, and techni ques of biochem stry, enzynol ogy,
nmol ecul ar and cel | ul ar bi ol ogy, m crobi ol ogy, genetics
and protein and nucleic acyechem stry and

n are those well known

and comonly _usg d in The weethqds and ~ A
¢rechni ques r et lonvent | on, ar g ger€Pal 1)
erd.g ac_c_Qri(ii_n_g, to ent i onaJ_msl_h_Q_ds wel b)Lk—Ssa@—o

t he and as de%¢r] Rn_vari ouageneral and

OHC re speCiffc references that axe chieedetand di scus P
t hr ojghout the present specifs on unl ess ot herw

i ndi cated. See, for exanple, Sarbtook et al. Mol ecul ar
Cloning: A Laboratory Manual, 2d €d., Cold Spring
Har bor Laboratory Press, Cold Spring Harbor, N. Y. gxampLe2
(1989); Ausubel et a!., Current Protocols in Mlecular
Bi ol ogy, G eene Publishing Associates (1992, and

Step ASuppl enments to 2002); Harlow and Lane, Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. (1990); Taylor and
Drickaner, Introduction to dycobiology, @fgrd Univ.
Press (2003); Worthington Enzyms Manual , hi ngt on
Bi ochemi cal Corp., Freehol d,5"NJ; Hap@baok /0
Bi ochemni stry: Section A m Vi Press
(1976) ; fidbook of Bioc LS Sectl on A Pr ot ei ns,

Vol I, Pas 93 6)——Esseﬁt-i—a bi ol ogy,
Har bor or atory Press ? _

fol | ®MChg “Exanpl es p ovFde net hods for preparl n
various Pnt inhibitors of the invention. EXAMPL
1EXAMPLE 1 StepA

=
To a solution of compound 2-1 (150 mg, 0.58 mmol, 1.0 eq), compound 2-2 (214 mg, 0.87
mmol, 1.5 eq) in DMF (10 mL) was added Cs;CO; (161 mg, 0.49 mmol, 0.85 eq). The mixture
was then stirred at room temperature overnight and then heated to 80 °C for 1.5 hrs. The
resulting mixture was then partitioned between H,0 and EtOAc. The combined organic layers
were washed with brine and dried over Na;SOy, concentrated and purified by prep-TLC to give
2-3 (122 mg, yield 49.4 %).
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1-1 1-2To a solution of 1-1 (5.90 g, 25 mml) in THF
(200 nmL) was added NaH (2.0 g, 50 nmmol e) portionw se.
wOobmwonedwl ting m xture was stirred at 0 OC f orPQiEU$20091044297
hour. Then NBS (4.86 g, 27.5 mvol) was added into and
stirred for 15 m nutes. The white solid was filtered
and the filtration was concentrated to give a residue,
Step BWhi ch was di ssolved in CHO and dried over Na SO4. The
sol vent was evaporated to give 1-2 (5 g, yield 63 %,
whi ch was ad for next step without further

purificati Step B To a golution of s1-2 (1.8 g,
mmld 1-3 ( 1.3;4&)(,@@” in dridd DVF (5 ni)

HY%2. 49 g, 10 | s ang@ochel st rred at rofm
t enper ajuye overni gh? 0he resul ting Rt reyva
pabpb@etmemﬁﬁ—aﬁd Et OA.” The né%l
or gani c\ 1 4ye re wa¥hB& with brine, dried ‘\\)//v:r

sodi um sul fate clomererafivat ed. The ref
purified by pge Cto give 1-4 (800 rq 18ld 40 9.
1H NVR (400 MHz, 13) d 9.66 (s, |H), X
2H), 7.49-7.46 (m HH, 7.37-7.33 (m 5H 7.2
=2.02 Hz, IH), 6.97-6.92 (m 3H), 4.28-4.19 (m 6H),
3.16 (t, J =6.6 Hz, 2H), 1.1 1 (m 6H) Ex8emE2CTo a

., _.suspensi on 38 , 10 Bno | n_ THF nmL
A mlxtaﬁdg&o_@m%@é @5 %gegﬁﬁgwrﬁlgla% . @qg)é%ﬁi’ i) 3 @m@la HS ea) and
NH,0AR ¥y rn?%,‘Qaﬁ) rifnbol, 0% & if RABk ?I@ﬁﬁ%%& GedtQf uRfdr Mtbeen to reflux
The m xture was carefully treated by diluted aq

for aboah#ht Abe resaltingmiistee whe troasechbd® & Hehecigt@pd=4-Phend then

puriio b el RS B TBE BB BB Y AR rive s
dried oPEraPa, $OE doBcdititedmd phA A8 BB predOrToC W v EXANIPR.ER 132 @, yield
solution of 1-5 (300 ng, 0.54 mmol) in

29.9 %%, THNNER (306 }1E, 0peDB) § 741407 a3 dad-Ta8 @hYriHD, 6.99-7.07 (m,

F.'

3H), 6.87-6.92 (m, 2H), 6.22 (s, 1H), 4.75 (s, 2H), 4.24-4.29 (m, 2H), 3.72-3.13 (m, 2H). MS

m/z 600 (M+1)"

EXAMPLE 3

.23 .
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amount TsOHH O ( 10 ng) and then the resulting

m xture was stirred for one hour at roomtenperature.
wakmImxsure was purified directly by prep- TLAPCTUSA00E044297

1-6 (100 ng, yield 28 %9. 1H NWVR (400 MHz, MeOD) d ppm

7.52 (d, J=8.05 Hz, 2H)5 7.40-7.15 (m 5H), 6.90-6.85

(m 2H), 6.80-6.75 (m 2H) S4.25 (s, 2H), 4.23 (m 6H),

3.0 (m 2H), 1.48 (t, 6H). Step E To a sol ution of

(1@0Hnmg, 0.22nmol) in dried DCM (2& L) was add Mh

(174_nmy52 mmol ) in one portion am%\mlti
oy re vvaHheat @6cif O refCI ux fqe-abouf, =S, Arter ©
Q0 Lenpe

©/c Walo ' f||
anduL,th @ r atgeb,and the r 5T db
puritied by prep- TLCto give 1-7 (60 ng, yield 60
3-1%. 1H NVR T%00 MHz, MeODf*d ppm 9.5 (s, IH), 7.52 (d,
J=7.2 Hz5 I H), 748(d J=2.8 Hz, 2H),7.30 (m 3H), ,.
7.25 (m 6H), 7.0(t, J=8.6 Hz, 2H)5 6.89 (m J 8.6 Hz,
2H)5 6.76 (d J 8 Hz, IH),f4.23 (m 6H), 3.0 (m 2H),
1.48 (t, 6H$ Step F Tog solution of 1-7 (80 ny, 0.17
Hooc TRl ) i n as added 6 HCl and the resulting
WPUP%OCV\B [ roomtenperature for 2 hours.
WOI verd: wa ¥oved in vacuo to afford the crude
nH448 (60 ngy 82% yF&{ d), which was subjected to next
toluenSbp vvithout *r purification. Step G To a
solution of 1 , 0.146 mmol) in DVF (6nL) was

added NaH (24 ny, pl ) at OC and the resulting
m xture was stirred=at the sanme tenperature for about
30 min and thgau&kd;!l (0.2 nL) was added into. The
m xture was stirred at the sane tenperature for

Step Aanot her one hour. The m xture was then partitioned
between H O and Et QAc. The conbi ned organi c | ayers
were washed with brine, dried over sodiumsulfate, and

concentrated. The resid s purified by
Br %ﬂ OoH
O
Buti

34 32
To a solution of 3-1 (1 g, 6.37 mmol) in dry THF (20 mL) was added BuLi (3 mL, 7.68 mmol)
dropwise at -70 °C and then the mixture was stirred for 30 min at room temperature. After
cooling to -70 °C again, a solution of cyclohexanecarbaldehyde (0.72 g, 6.43 mmol) in dry THF
(5 mL) was added dropwise. After stirring for 30 min, saturated aqueous NH4Cl was added into
the mixture and the resulting mixture was extracted with EtOAc. The organic layers were

combined and dried over Na;SO4, concentrated to give 3-2 (1.52 g, 14.3 %) as a crude oil.

.24 .



prep-TLC to give 1-9 (40 rng, yield 63.0 %9. 1H NWR
(400MHz, MeOD) d ppm 9.6 (s,IH),7.52 (d J-8.08 Hz 2H),
Wa200%1430%1 | H), 7.36-7.30 (m 5H)5 7.16 (d, J-2rORUSWNI/044297

IH, 7.0 (t, J=8.6 Hz, 2H)5 6.89 (m J-8.6 Hz, 2H),

4.23 (t, J-6.56 Hz, 2H), 3.95-3.85 (m 4H) 3.30 (s,

6H), 3.13 (dd, Ji 6.26 Hz, J2 6.26 Hz, 2H).Step H 1-9
Step BEXAMPLE 1 A mixture of 1-9 (40 ng, 0.09 nmol), 1-10

(19 ng, 0.09 mmol) and NH4OAc (70 ng, 0.9 nmol) in

toluene (10 nL) was heated under nitrogen to refl ux

for about 3 hrs. Afpgr cooling to reem tenperature,

the resulting mxture was PP@ated by diluted ag. HO
until pH=4~5 a enypant @ HOand
Et OAc. The conbined okganic | a 5 washed by

brine, dried over Na SO and concentrat ed The residue
was purified by prep #PLC to gi ve MPLE 1 (30 ng,

oo i 51 S O GOS0

dropwigaat Of (161) Tlﬁzngﬁe slEing mixtik) 8ds fikredSor 2Kt robnREoheBOureniThe

mixturezz g%s cqjlc aé%cP Wﬁa‘r] reduggdz%rs' 26_%@0%8 n,(\@%?ﬁ{%gg %?‘I{)/g‘f;’ g’organic
layer wﬁ%&h{ﬂiea va%wa{!éd AqRlc8p N&H@l’)g@bﬁ@ dtib@Bve@NLOOR WA Ghen
-1 (150 ny, 58 mol, 1.0 eq), conpound 2-2 (214 ny,

concen@a@i?tmb 3-31(590@@ cmdeDNF (10 m.) was added Cs2CO3
(161 ng, 0.49 mmol, 0.85 eq). The m xture was then
stirred at roomtenperature overni ght and then heated

Step Cto 80 OC for 1.5 hrs. The resulting m xture was then
partitioned between H20 and Et CAc. The conbi ned
organi c | ayers

Wes nes '

OHCO—O
O)\Q Cs,CO;, DMF

3-3

3-5 s
To a solution of 3-3 (450 mg, crude) and 3-4 (375 mg, 1.44 mmol) in DMF (10 mL) was added
Cs,CO;3 (399 mg, 1.22 mmol) in one portion and then the mixture was heated to 110 °C for 18 h.
The mixture was diluted with H,O and extracted with EtOAc. The organic layers were combined
and dried over NapSQy, concentrated. The residue was purified by TLC to afford 3-5 (130 mg)

as oil, which was used for next step directly.
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were washed with brine and dried over Na SO4,
concentrated and purified by prep-TLC to give 2-3 (122
WOoreNooAtsekd 49.4 99 . Step B EXAMPLE 2 A mi xt ur e BET/US2009/044297
conmpound 2-3 (122 ng, 0.29 nrnol, 1.0 eq), 2-4 (57 ny,
0.30 ninmol, 1.05 eq) and NH4OAc (223 ng. 2.90 nmol,
10.0 eq) in toluene (15 nL) was heated under nitrogen
StepDto reflux for about 3 h. The resulting m xture was
treated by 10 % HCO acid to pH=4-5, and then
partitioned between H O and Et OAc. The conbi ned
organic | ayers were washed with brine and dried over ¢
¢ ntrated and purified by prep-TLC to gi
b2 ny, yield 29.%5%. 1H-N (400 MHz,

{. 41-7. 47 (nyO%F) N 13055
4.24-4.29 (m H)

r gHg—¢ Mkl ) + EXAMRREOR I\/PLEBStepA A

a solu -1 ( ]tosQeneféﬁ&7 nunol ) in

nm.) was added 7« m.,, /.68 mmol) dr at -70
OC and then thg xture vvas stirred for 80 room

—c
tenperaturg, AfTer_ cooling to -70 OC again, a"'
of cycl ohexanecar Hal dehyde (0.72 g, 6.43 mol)

THF (5 nL) was added dropw se. After stixsmmg sf or 30
m n, saturated aqueous NHAC was added into the

To a mixtyee @f 8- 40 o1 Odgsicl)iang In® @une. Ak mexalt idobgnad ¥HnL) was

added 1eRe (im0 AR nid FEl ot ARIRGTE] B Shspr o rofux

for 3.5 &S Taex thednrixairk w&k epolBd & Dol Bmperature and aqueous 10% HCI was added to
pH=5. The mixture was extracted with EtOAc. The organic layers were combined and dried

over Na;SOy4, concentrated to give yellow oil. The residue was purified by prep-TLC to afford
EXAMPLE 3 (150 mg, yield 82.4%). "H-NMR (300 MHz, MeOD)§ 7.60 (s, 1H), 7.19~7.49

(m, 11H), 6.88 (s, 1H), 6.81 (s, 1H), 5.05 (s, 1H), 4.65 (s, 2H), 4.25~4.39 (m, 2H), 3.15 (m, 2H),

1.60~1.98 (m, 5H), 1.00~1.46 (m, 6H). MS m/z: 607 (M+1)".
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To the m xture of 3-2 (600 ng, 3.1 Mol ) in dry DCM
(15 nL.) was added SOCl 2 (2 nL) dropwi se at 0 OC. Then

wao bwonedwl ting mxture was stirred for 2 h at POOES2009/044297

tenperature. The m xture was concentrated under
reduced pressure and then diluted with Et QAc. The
organi c | ayer was washed with saturated aqueous NaHCO
, brine, dried over Na2gamMang 4 hen concentrated to
give 3-3 (500 ny, crude). Step C To_a solution of 3-3
(450 ng, crude) and 3-4 (375 ny, dmol) in DVF (10
m) was added Cs2CO3 (3P9 ny, 1.22 nmyol) in one
portion and then the ture was eated\to 110 OC for
18 h. The ni xthP@Cwas) di MTH H O And extracted
with Et OAc. The organt S\wer e O5mbi ned and dri ed
over Na SO, concent? ated: due was purified by
TLC to afford 3-5 (130 ny) a ich was used for
next step directly.Step D EXANPLE 3
3-5 (130 nmg, 0.3 mml ) and 3-6 (60 1 mol) in
toluene (15 nL) was added NH4OQAc ( 180 2.34 mol)
in one portion and then the m xture was héated to
reflux for 3.5 h. Then the m xture was cooled to room
tenperature and aqueous 10% HCO was added to pj 5J j1
mict-ur e was extracted Mﬁth Et OAc. The orgg
| ayers mere conbi ned and df'ied _oyer Na2SO4

concentrated to give yellfow of I'{ Jhe resi due—as *@Oﬁ“w4
pLHINfC? b§ @irep- TLC t@a or@l3 I\:/PLE 3 50 45 P~
1 . NH,OAc

7.19-7.49 (m H)688(s I H), 681(s

toiuene reflux

er(S, IH), 4.65 (5, 2H), 4.25-4.39 (m 2H), 315

HOOC

Step A

oH), 1.60-1.98 (% 5H), 1.00-1.46 (m 6H). I\/S
(M) +EXAI\/PLE4EXAWPLE4

o

EXAMPLE 4

Nao’\l/ @/\ /\r

41

Sodium (8.5 mg, 0.37 mmol) was dissolved at 40 °C in 2-methyl-propan-1-ol (1.3 g, 17.5 mmol)
and compound 4-1 (2 g, 16.7 mmol) were subsequently added dropwise at 50 °C over 30 min.
Then the reaction mixture was heated to 70 °C and stirred overnight. The resulting mixture was

partitioned between H,O and EtOAc. The organic layer was washed with brine, dried over

27 -



10

15

20

Step A 4-1 4-2 Sodium (8.5 ng, 0.37 nmol) was
di ssolved at 40 0OCin 2-nethyl-propan-1-ol (1.3 g,
wazoy4sowl ) and conpound 4-1 (2 g, 16.7 nmol) RE&F/ES2009/044297
subsequent |y added dropwi se at 50 OC over 30 min. Then
the reaction m xture was heated to 70 OC and stirred
overnight. The resulting m xture was partitioned
sodiumbail faremddofiteatdteEt e 4ThE .Opgandd), WhigRls wad fovahb aekt step
with brine, dried oversodium sulfate and concentr at ed
directly. give 4-2 (1.0 g crude), which is used for the next
step directly. Step B To a solution of 4-2(1.0 g,
crude), 4-3 (400 ng, 1.64 mol, 1.0 eq) and PPh3 (516
StepBng, 1.96 mol, 1.2 eq) in THF (20 nL) was added DI AD
(406 ng, 1.96 mmol, 1.2 eq) dropw se at 0 OC. The
resulting mxture was stirred at roomtenperature
overni ght and then partitioned between H20 ang/y & OAc.

The organic | ayer was shed by brine, dried Q Na
SH4, concentrated and y prep- HPLCt gl ve 4
(90 po,., yield 12. “PE%iZE%O MHz, MeQB)\d 9.72
(s, 7.28-7.4 m94698- g&t. »%_Q)
2H) , ' 2 : 8. 285 T H, X m IN),

4.22-4.3‘H(n1 2H) , 3 86 3.92 (m IH) 5 3.68-3. 74\(m
IH 5 3.24-3.34 (m 2H), 3.12-3.18 (m 2H), 1.82 0
(m IH), 0#84-0.88(m 6H). Step C EXAMPLE 4 The
preparation of EXAMPLE 4 is the sane as that for
EXAMPLE 3. 1H NWR (400 MHz, MeQD) d 7.49 (s,44H),

6..90- 1

Toa soh_‘%)% 41Ty Gn@ﬁ? 46154%0 9. (id-rxlrm?:f_:))l 0, S brds érg@ mg, 1.96
mmol, Zlﬂ)eq) & BRFR2@ ;I Mas h&ﬂe&DﬁﬂB @ngm 94 tmol 31. Séqﬁdﬁﬁwwe at 0 °C.

2H), 3.09-3.13 (t, / 6.57 Hz, 2H), 1.79-1.87 (m
The res'uﬂji)ng HIxGEe Vas g@md #Hypom temperature overnight and then partmoned between
H,0 and EtOAc. The organic layer was washed by brine, dried over Na; SOy, concentrated and
purified by prep-HPLC to give 4 (90 mg, yield 12.0 %). "H-NMR (400 MHz, MeOD) & 9.72 (s,
1H), 7.28-7.40 (m, 9H), 6.98-7.05 (t, /= 8.78Hz, 2H), 6.89-6.92 (d, /= 8.28Hz, 1H), 5.42-5.46
(m, 1H), 4.22-4.32 (1n, 2H), 3.86-3.92 (m, 1H), 3.68-3.74 (m, 1H), 3.24-3.34 (m, 2H), 3.12-3.18

(m, 2H), 1.82-1.90 (m, 1H), 0.84-0.88(m, 6H).

Step C

5
S
o HOOC’\N’KS HoocfA\N/ﬂ\S o _;>—"
0
OHC 0 \—%<

NH,OAc

toluene reflux

F
4-4 EXAMPLE 4

The preparation of EXAMPLE 4 is the same as that for EXAMPLE 3. '"H-NMR (400 MHz, MeOD) §
7.49 (s, 1H), 7.24-7.40 (m, 7H), 6.98-7.05 (m, 4H), 6.90-6.91 (m, 1H), 5.37-5.40 (m, 1H), 4.75 (s, ZH),
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EXAMPLE 5 This exanpl e shows that Pichia pastoris
transfornmed with an expression vector encoding the
whzmoAt43oiai n (He) and light chain (Lc) of the BURESR009/044297
anti-Her2 anti body and treated with the novel Pnt
i nhi bitors described herein produced a gl ycoprotein
havi ng reduced gl ycosyl ati on. Expression/integration
4.21-4 30l(ASTH3 886188 (mPIBLY2 6B S.72 ont 1a1) B3 BX pF @S SiH) 5. 4%eE 52t 1.es6.57 Hz,

r.contraql qf t met hanol - i nduci bl e Pi chi apastoris
2H)’E'F}§g%% B gﬁ%f]gp'(}&ﬁg’i"%@‘code the heavy (Hc) and light
(Lc) chains of anti-Her2. Anti-Her2 Hc and Lc fused at
the N'terminus to a- MAT pre signal peptide (SEQ ID
Nos:| and 2) were synthesized by GeneArt AG Each was
synt hesi zed with uni quepXAMpRE sand 3' Fsel sites. The
nucl eoti de and am no aci d sequences of the anti-Her2

He ar dhisrsampleshemothab Piessa Basherds aansfasgyed sithyasl gxpreppign vector
encodif 5 B 5o e TR RF TS TRl AN i e

with th@lleved Pent asliibitdrs devEibEShaaimquodged hgldop@iedn havipg addetdlsO-

fused to the a- MAT pre signal peptide were separately
glycosydgiiont oned using 5 EcoR and 3' Fsel unique sites into

an eX%ﬁ&%&i&@i&é@éﬁ%@i&ﬁﬁﬁ%a@?ﬁéz@@s8 Whirsihs eqntRidiSassettes

the Pichiapastoris TRP2 targeting nucleic acid and the
under cBewal oftesinsthaneandreniide Pichia pegreréy ADSE mrpotss ghad ancode the heavy

(1) an G RRR S Rt St i@ e ts AR e PRI Bl o oonaat
pre sigi] pEp¥idR (SEOUIDY Nof Carl® IPve@ifintBEdi a3 rede@IPAC iBach Yvas
The Lc expression cassette was then renoved from

synthesiged smiftiuniaes DECpRL ved 35 Y sidesg eheingleqiidnanseamino agid sequences of
e s 30 SHREA BTS00 6oL 55 9, EE1 O PICARRD g anin i
sequenédsnditheeanir HarQilarare blasrmindS B@ b dVos FGANIZ0 88 pedtinely: Mt nucleic acid
N LT R N O C RIS
separatERZ¥BBored usMy £ BcoRT dnd B ALEulighe sites into an expression plasmid vector
pGLY2198, which contains the Pichia pastoris TRP2 targeting nucleic acid and the Zeocin-
resistance marker and generates expression cassettes under the control of the AOX1 promoter
and Saccharomyces cerevisiae CYC terminator, to form plasmid vectors pGLY2987 and
pGLY2338, respectively. The Lc expression cassette was then removed from plasmid vector
pGLY2338 by digesting with BamHI and Nofl and subcloned into plasmid vector pGLY2987
digested with BamH1 and Not1, thus generating the final expression plasmid vector pGLY2988.

Anti-Her2 expression strain yGL Y4280 was constructed as follows: Five
micrograms of pGLY2988 digested with restriction enzyme Spel which cuts in the TRP2
targeting region were used to transform strain yGLY22-1. Strain yGLY22-1 (ochlA::lacZ
bmt2A::lacZIKIMNN2-2 | mnndLIA::lacZi MmSLC3543 prol AmnndA::lacZ metl6A::lacZ), was
constructed using methods described earlier (Nett and Gerngross, Yeast 20:1279 (2003); Choi et
al., PNAS USA 100:5022 (2003); Hamilton et al., Science 301:1244 (2003)).

Transformation of yGLY22-1 performed essentially as follows: YGLY22-1 was
grown in 50 mL YPD media (yeast extract (1%), peptone (2%), dextrose (2%)) overnight to an

OD of between about 0.2 to 6. After incubation on ice for 30 minutes, cells were pelleted by
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targeting region were used to transformstrain

yaLY22-1. Strain y@Y22-1 bnt2 was constructed using
woreoboew4descri bed earlier (Nett and Ger ngr ossPCIYES2IDI/044297

20: 1279 (2003); Choi et al, PNAS USA 100: 5022 (2003);

Ham | ton et al, Science 301:1244 (2003)).

Transformati on of yG.Y22-1 perforned essentially as

centrififalib®ws2508@008 2pih Mﬁﬁn@lﬁw MdiiD@adiern PR BRliha céﬁﬁﬁsihed three
extract (10/9l ptone (2%, dextrose (2%) overni
times vtifh igp C@é Sl %b‘%\/@é’é’ﬂt% befgre swpersion ingkg @tl IQW%%Fﬁ%éﬁM sorbitol.
r I
e s O Ol 0Bl B o P R B binet i

electromasncsrema@l aghihctibitecRl 5 Sninashed ideh rm@tﬂopaﬁﬁomaab il £Bio-Rad
cold sterile IMsorbitol before resuspension in 0.5 ni
GenePilsws JslldoBewing|the prisct Siddiia pastorieprotecobi KV, Aéa. 2@@1 CDNA

ey 0 M0 S PN b USSR Rl v
SorbitoP.C €he Blaggbiraabels Wefe MRSvddno feddiver BathCaseR b Sﬁd’mﬁéﬁﬁdtﬂroom
ol l gwi n the%eset Pi chi afast oris protaocol (2 kV, .25

temperatpre O Myefone plating dheaalls 08 | thotresting medis. Folpyingselsction on media
. |
contai SEmStr ?ﬁs‘f&i‘n‘%&l vgﬁg s@edntBR Y ovve%cal% Uz éMx&P&% Cﬁs% th detect anti-

2" trans were a 6 recover
Her2 emassmrt GioveyGlL YAZ8(atvay mlmtetd@mf at high 14v268)ti- Hef?oen@aressmn

lating the cells on the Fol |.ow
P e ec ek et Obmstan tor i T Pl G ttdn shake flasks
at 24° OB b fgERee %@ﬁem’ c§1‘i‘iﬁiek n&Qﬁdmﬁ (Bmﬁﬁ&jn@ﬁtx@éf l/%'y%ask @xtract, 2%
detect anti- Her2 expression. Strain 42

pepton@»é@@éltl@dﬁ%@ﬁl@ﬁl pimhliwé%bmfé@reﬂi @At ]. 31%6@&%)(1&(@!3 |b@$¢, 4x10-5%
biotin, an& i% ycea 9% i Srhdugz( (91} 1%% {85)&%& reﬁﬁ% u%ﬁ@&g&"@é methanol-

ere

complegl mé‘(ﬁfuﬁl (BOAMITYT) @snsiseihio o] (/ﬁhdﬁﬁ)m@ldﬂmﬁtoﬂwyo@fol 19BYEGEE Pmt
extract, 2% peptone, 100 nM pot assium ?hosphate buf f er
inhibitgrsying [ @)% p@ﬁwﬁws@tadﬁﬂ fodBe aromal geding toyplinalgopgegiriion of 0.15

om0 A 88l FROMTACIAS TR (BRI
sufficiand isiedtden@-ghfcodyatiet thamaghiy ﬁ\&%eﬁmambb@h"wdewﬂhom H‘HBMB{bltor
treatmeFr)lrg,tand thus allows a comparison of potency for the different inhibitors. Following 24 hr
further growth in the induction media, cultures were harvested and centrifuged at 2,000 rpm for
five minutes to remove cells from the supernatant.

O-glycan determination was performed using a Dionex-HPLC (HPAEC-PAD) as
follows. To measure O-glycosylation reduction, protein was purified from the growth medium
using protein A chromatography (Li et al. Nat. Biotechnol. 24(2):210-5 (2006)) and the O-glycans
released from and separated from protein by alkaline elimination (beta -elimination) (Harvey,
Mass Spectrometry Reviews 18: 349- 451 (1999)). This process also reduces the newly formed
reducing terminus of the released O-glycan (either oligomannose or mannose) to mannitol. The
mannitol group thus serves as a unique indicator of each O- glycan. 0.5 nmole or more of protein,
confained within a volume of 100 pL PBS buffer, was required for beta elimination. The sample
was treated with 25 pL alkaline borohydride reagent and incubated at 50°C for 16 hours. About
20 ul arabitol internal standard was added, followed by 10 pL glacial acetic acid. The sample
was then centrifuged through a Millipore filter containing both SEPABEADS and AG 50W-X8

resin and washed with water. The samples, including wash, were transferred to plastic
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inhibitors in 100% nmet hanol were added to the growth
mediumto a final concentration of 0.15 ug/nlL at the

W@ 2008/1430¢1 | nducti on nedi um was added. This i s BET/US2009/044297
i nternedi ate dose that is sufficient to reduce
O gl ycosyl ation to roughly 50% of that observed
W thout Pnt inhibitor treatnent, and thus allows a

autosarBSlePaais a0 e0dpopat®RCdtyihes it b&rﬂxﬁﬁl@@l@ﬁf@pomﬁbhl sot.ar B4
Fol | owi ng_24 hr further growth in the i1 nduction nedia

AcOH/MaQH, miag adgsddo g e wEmwlesi vaprrated fo gryoers in aﬁﬁnmfugai

evapor%;&r. Thi¥ fas té}%vgsc’r kgatéc?ﬁvé’ Fnof:eeﬁ 8s. th)@ m}o‘? %va?ém&rs RAE& ind 100 ulL.
-gl ycan etermntlon was or ned

of the sBimpleewad-Phizz¢HPAREHh @b@)nimeﬁ@iahgn@mﬁatogmhy caipled with pulsed

oo R LA oo pe o pes B SIS Teom T
determﬁfed i@bsed'ﬂ%bn tHal é?ﬁ(ﬁﬁlhﬁfhlnamﬁﬁﬂ 2dcodd@d5 (2006)) and the

O-glycans rel eased from and separated from protein by
al kal iTie resuitppieaumarerizbéimTatde | nvhigh slonys tekihe &gur nwslé’mt
1nh1b1t0%9%£ gﬂ& 1% 4R? ug% élﬁcosﬁéglfn tc?ljevélg'? thhat Elr}it Bbserved with Pmt
pr’ocess al'so re uces or red ucing

mhlbltdr@rmm-mas dedcribbéin ©tchasied aD(Bidp@@iﬁ & Méd’(emew Lb@@ﬁ@ﬂm@;‘a £4:3975-
mannose) to mannitolL The rrannltol @g{]lo}ligz‘thus serves

or
3978) apd pateahp%hmaﬁiw.%%wm augherp, tegluding £l Rirgpé Bgprowicz et
o, U STRABY B SEAn G000 RS PSS ot MR ks s
sanple was treated with 25 m_ al kal i ne borohydri de
reagent and incubated at 500C for 16 hours. About 20
uL arabitol internal standard was added, followed by
10 nL gl aci al ace®Hc acid. The sanple was then

centr {/ffuged thrpu MIlipore filter containing both
: A X8 resin and washed with water.
he\saf s | iding wash, were transferred to
pl@st Nsa v al.s and evaporated to dryness in
a‘centrifd 3 150 mL 1% AcOH MeOH was

added to the sarrpl es wnd t he sanpl es evaporated to

dryness in a centrifugal evaporator. This [ast step

was repeated five nore tinmes. 200 nL of water was

added and 100 nmL of the sanple was anal yzed by high pH
Table ﬁni on- exchange chronmat ography coupled wi th pul sed

Inhibitor l O-glycan occupancy
(0.15 ug/mlL) {moles O-mannose/moles Ab)
[none >14.0

Pmti-3 8.1

Example 1 4.1

Example 2 4.3

Example 3 5.5

Example 4 5.2

Visual proof that the novel Pmt inhibitors effectively reduce O-glycosylation of
Pichia-produced recombinant protein is provided by Figure 1, which shows the effects of

increasing amounts of Pmt inhibitors on O-glycosylation of anti-Her2 heavy chain (Hc). Strain
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el ectrochem cal detection-D onex HPLC ( HPAEC- PAD) .
Average O gl ycan occupancy was determ ned based upon
wa bwassownt of mannitol recovered. The resul t SPGI/ES2009/044297
summari zed in Table 1, which shows that the four novel
Pnt inhibitors, Exanples 1 to 4, reduce
O glycosylation to |l evels |lower that that observed
yGLY4/S){8t) RvdRrihodubitddointood6- E%g;}' idech @sll g&s@z(gﬁ%dn,i VialéXcid) @A) cemtammg
al . i oorgan & Med m Letters 4) 14:
0.5ml %frﬁM&é{ m%fham%wpl%-aﬁf@h?l Boure BEOVER PR PTORS S J(H}g» ﬁw& Hgell plate

|
was ceﬁ%ft#%%ﬁgflzgg@k%rﬁ @groig\%ggﬁx%e%zci E«Elléi celis El;l hs% mcﬁgﬁ’%d? o ved and,

foliowmg emfa;shlstegtmth:@ tmé; of‘%MeY medm ﬁmadellpresuﬁ‘pen&faitm@t%m BMMY
. hovel bitors uce
media B gk BBy AP SR BHTEE 01 QORI F SCBHEN A p Wl portained
Sug/ml, Sf Rihebiiodaskeiby 2 kbAdIned 2. 3vH/&i, aeWentunfl ®Ef a0 oftained 0.009
i ncreasi ng amounts of Pmt_ 1 nhibitors on

ug/mLovell fbegteinedre mbititeri Afler a0 arshignat irhhovrg BEgwth with vigorous

Shﬁkln%ttﬁ?%ﬂ%qgéléggl elé ggﬁﬁlr&@?r féo A érlﬁlg?s\gg p%u%ﬁ?ff %ﬁ!&k&é\?leared
supernsenk @bpefedeesteﬁi blet aiddyshotordetegt ai-Herdi dxpraghignr @hs Western
ot B LBy T B GRS s et
polyacﬁ@dﬂ\i@ ded) e eFJH&IeQX\’(SIgS PA c§$1@91§% T Re@niTy. &F (BMYY Nature

I's resuspende MW’ medi a i n
227, 68(ki68H a@inhen alictsobioted onso althIeElmiezt lzembtadesa(&nbbszhtsm Schuell, now

ro (11 wel) Vel | .. cont d sSu
whatnfef Pyt 2 D i 80 Ut s the Westem
blots ubifg blpeiidasétcd@ueaet atnemsh B0 Qn@ﬂé ﬁhiabdﬁ@'(baﬁ%mbﬁem/EMD
contained no inhibitor. After an additional 24 hours

Bioscignogwi i Jalle.iCA) ag)@lrmglogwawmﬂjheﬂwm%pﬁw Nigial Fnhanced DAB
Substra&g F{Fn!’ Pfléllgeeg o%cha?iggf I{dﬁgfor&) rIL f@ In R tﬁ@re?@ksj §lone such

and Supern | ected
anaiysN‘ﬁS twhmh thd ndveh Rait ytﬂnlstdrtﬁrmieﬁ&ahpiaﬁt(lli)ﬂ-lér Zanek A eas teated against

tti perforned as follows
Pti-3,} Ona ri?l}?éfﬁ gfuﬂge@ 12%3@?3@5 é%aﬁawg?wwd@éa&m@ (Panel C). As

| 2 Qﬂeﬁﬁt}?’rﬁﬂiﬂﬁ%@fé&' Rlf Rewe -
oS3 X S0 A R0 1 STt s

Her2 He at concentrations as low as 0. OE 8 ug/mL In contrast, the mactive control compound
(panel C) showed no reduction in He O-glycosylation. Similar results were obtained with
inhibitors shown in Examples 1, 2, and 3. Taken together, these results indicate that the novel
Pmt inhibitors shown in Examples 1 to 4 are effective inhibitors of fungal O-glycosylation.
While the present invention is described herein with reference to illustrated
embodiments, it should be understood that the invention is not limited hereto. Those having
ordinary skill in the art and access to the teachings herein will recognize additional modifications
and embodiments within the scope thereof. Therefore, the present invention is limited only by

the claims attached herein.

232 .



227, 680-685 and then electroblotted onto
nitrocel |l ul ose nenbranes (Schleicher & Schuell, now
WMbwD/mB041 | nc., Fl orham Park, NJ). Anti-Her2 ap@i/b82999/044297

chains were detected on the Western bl ots using

aper oxi dase- conj ugated anti-human Hc and Lc anti body

( Cal bi ocheml EMD Bi osci ences, La Jolla, CA and
WHATdSWEL.apedDusi ng t he | mmunoPure Metal Enhanced DAB

Substrate Kit (Pierce Biotechnol ogy, Rockford, IL).

Figure 1 shows the results of one such analysis in

whi ch it he no 4 (EX. 4,

panel A) mg§&$£ ngS?g%%%é%ﬂg#%Fﬁﬁhgﬁggg%?chard et al.

(panel B) and al so an inactive conpound as a contro

( panel shown in panels A and B, Exanple 4 and
Pnti-3 ef tIVEIy reduced C)glycosylatlon of anti -
Her2 Hc a offtentrations as | ow as 0.018 ug/ rnL. hi
contrast, thg |nact|ve control compound (panel O
HOOCshowed no @eouq%lon in H Oglycosylation. Simlar
alned. W th inhibitors shown in

r gul(s wer e Qp
; nken together, these results

%g t "the '@' i nhibitors shown in

nples 1'to 4 are e fective inhibitors of funga

O gl ycosylation. Wiile the present invention is

descri bed herein with reference to illustrated

enbodi nents, it should be understood that the

i nvention is not I|n1t§d heret o. Those havi ng ordi nary

skill in the art and @ccess to the teachings herein

wi || §ecogni ze addi/tiopal nodifications and
enbodi ments within & scope thereof. Therefore, the

Hoocfﬁ‘ ensg |nvent|on [ imted only by the clains
at t aeh AHAT |S CLAIVED: 1. A conpound
Sé de follow ng group:or a salt thereof
2. Anmeth f producing a protein having reduced

Hooc” TN g
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(b) contacting the culture with one or nore conpounds

of daim1l1, which inhibit Pnt-nediated O i nked
wQ@Ropgoepkat i on; and (c) isolating the protein poUSAYEL044297

by the host cell. 3. The nethod of Claim2 wherein the

culture of the cell is provided by: (a) providing a

nucl ei ¢ acid encoding a protein; and (b) introducing

t he nucl eic aci o the cell. 4. The nethod of Claim

3 whegein the cd e is grown for a tinme sufficient

to provide a mul ¥Pligity of the cells having the
Hoocm ei’s aci d de orgbg}mcti ng the culture with any of
s v unds which inhibit Pnt-nediated
gl ation. 5. The nethod of Claim3
is growmn in the presence of any of
ds which inhibit Pnt-nediated
O linked gl ycosyl at{ 6. The nethod of Claim3
wherein the nucleic™aefd is operably |linked to an
i nduci bl e pronmoter. 7. Fhe nmethod of Claim6 wherein
the culture is grown for a tinme sufficient to provide
orasalythetdofi plicity of the cells having the nucleic acid
before contacting the culture with theone or nore
conmpounds whi ch inhibit Pnt-nediated O i nked
gl ycogyl at ifometid ofipradudingerproteid @iy edided 0-ligkddgiaRylation
expression of the protein and isolating the protein
comprigiigduced by the cell in the presence of the one or
nor e icphi bi : j :he protein
havi né@edé&%ﬁa%lrb?ﬂ&]ggC{éll@lggg%%%ug%&g%?ﬁ){%g’ met hod
of O dbm 6 cohiectEigtht keltwa Mitraeics nooe tavpachdsiof Blam 1, which

. ... bnducer of .t.h ronoter.to i nduce expression of the

lm“bﬂg?g?@¥ﬁm?%F”%§FﬁﬁgmBgﬁﬁF§“3%£tacting the culture with
the ong) or i§PnitBheGREPRIAA prodt&hby B hBiticeffNt - medi at ed
O linked glycosylation and isolating the

Od'i nked.-§
wherei n t Re
the one or nore co

3. The method of Claim 2 wherein the culture of the cell is provided by:

(a) providing a nucleic acid encoding a protein; and

(b  introducing the nucleic acid into the cell.

4. The method of Claim 3 wherein the culture is grown for a time sufficient
to provide a multiplicity of the cells having the nucleic acid before contacting the culture with

any of the one or more compounds which inhibit Pmt-mediated O-linked glycosylation.

5. ‘The method of Claim 3 wherein the culture is grown in the presence of any

of the one or more compounds which inhibit Pmt-mediated O-linked glycosylation.

6. The method of Claim 3 wherein the nucleic acid is operably linked to an

inducible promoter.

7. The method of Claim 6 wherein the culture is grown for a time sufficient
to provide a multiplicity of the cells having the nucleic acid before contacting the culture with the
-34 -
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protein produced by the cell in the presence of the
one or nore conpounds which inhibit Pntnediated
waedopmisedi gl ycosyl ati on and the i nducer to proRULESI0hE044297
protein having reduced O linked glycosylation. 9. The
met hod of claim 3, wherein the cell is a fungal cell.
10. The nmethod of claim3, wherein the cell is a yeast
one or metd condpoundhehivhtinigbit @fnt@hcﬁiiattchO-l\Ml@? %ii}l%olﬁ)hﬁidiﬁlnld ahSnducer of
sel ected fromthe group consisting.of K ctis .
the ProiGiaR e THES BHFESSIOBIOE EPTAEHAGR? BnE e drifrabedused bythe cell in
3 r . .
e e T O B el o 4% Pipure St PR bayipe reduced
O-linkddsglgcopplation.or fil anent ous fungal cell that has been
genetically nodified to produce glycoproteins with a
predom nant N-glycan gl ycoform 14. The nethod of

cl ai mg3 whemeiniethdiEoShing 6 RaeeeiR BRNuBEREE c6@hdt¥d with an inducer of
nmodi fied to produce glycoproteins in which the )
the progor jo Bsipeaesnsessioatced gi@nprp ihiprafime hedorgconiapiing the gulture with the

oe o s PR GH M BB ABBCPODIE SbT tati
proteingubdused byréei aethin the presence of the one or more compounds which inhibit Pmt-
mediated O-linked glycosylation and the inducer to produce the protein having reduced O-linked
glycosylation.

0. The method of claim 3, wherein the cell is a fungal cell.

10.  The method of claim 3, wherein the cell is a yeast cell.

11.  The method of claim 3, wherein the cell is selected from the group

consisting of K. lactis, Pichia pastoris, Pichia methanolica, and Hansenula.

12. The method of claim 3, wherein the cell is Pichia pastoris.

13, The method of claim 3, wherein the cell is a yeast or filamentous fungal
cell that has been genetically modified to produce glycoproteins with a predominant N-glycan

glycoform.

14, The method of claim 3 wherein the cells have been genetically modified to

produce glycoproteins in which the N-glycosylation pattern is human-like or humanized.

15. The method of claim 3 wherein the protein is produced at a yield of at

least 100 mg/liter of culture medium.
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