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BACKGROUND OF THE | NVENTI ON A ycoprotei ns
medi ate many essential functions in humans and ot her
mammal s, including catalysis, signaling, cell-cell

TITLE OF SHB/NeRtiramy and nol ecul ar recognl t| on and
assocl at1on. d ycoproteins nake ug orit
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3, Eur. J. Bi ochem 218 1-27). Many
MSFEW%@ ave been 10 exploited for therapeutic
pur poses, and during the |ast two decades,
reconbi nant versions of naturally-occurring

BACKGROUNEHOBIHBENKENE 18¥en a naj or part of the

bi ote
o] yco%&?pr%gel ns E’;se% as t %@%%Wsﬁﬁgkgﬁmmm
including@&g&lyhfspagmﬂhgnce(lERﬂ)) Qontthmneqli}mt &gl moizodbomadgnition and
. . antibodi es fissue acti.vat or
associatiopy éﬁycomw@%r"?@% b PaRS) O RPHTOy PO kaate
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hor1 oni c gonadotrophl n (hCH) (Cunmi ng et al
exploited f@gtizgraﬁatqumtmsegymd darisg tb@éé}s’i W‘aﬁ@f@ﬁ@% fegompinant versions of

CcOS tiaon s_of
naturally-§r SRS Fbortechnett Bk pioE AR bR HolehBEHS Huse
Examplesﬁfftrﬁéﬂm’&ﬁaﬂt ds‘cb@yl&@dl pifidihd Gsed mﬂeunmnﬂad@af@thm
ot ei ns produced_as, paotentjal prophylactics and

(EPOJ th@lﬁ@@%én@m@ée pribedics (A be), tistue Plaspiigrgsapgivater{EA),

et 555, 40 L 5 ERORS e .57 g

chorionicgpasiotiephin (hOEl) Q@h]klmmge’d:dt, O9Pk, dtlpadialbgni:115-130). Varlahons mn

aycos e b e oS PR B b, i o

much atteﬁﬁ&(n & iheiskieAinid &Hﬁﬂﬁﬁ%ﬂé&e&&ﬁﬁﬁ&&%r@t@mbg aspotential
hyper mannosyl ation i n yeast (Ballon 0, Methods

prophylacss gmbtherapesics 4pprach) thegfinicd) - f ucose and

B i

dependmgﬁpéil ih@ hoklispecies fraf® bells 1ged io/produdesh@h( Iﬂh@upéutmqlmmms
Bi ochem 1 5-62);. and, Gal a-1, 3Gal,
produced@qx 9@%9@3@ hest ce¥s ¢ ely o cont&m non-human glycosylation which may elicit

an immunogenic response in humans—e.g. hypermannosylation in yeast (Ballou, 1990, Methods
Enzymol. 185:440-470); o(1,3)-fucose and B(1,2)-xylose in plants, (Cabanes-Macheteau ef af.,
1999. Glycobiology, 9: 365-372); N-glycolylneuraminic acid in Chinese hamster ovary cells
(Noguchi ef af., 1995. J. Biochem. 117: 5-62); and, Gala-1,3Gal glycosylation in mice
(Borrebaeck, ef al., 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

mammalian cells tend to be more closely related to those of human glycoproteins, most

commercial glycoproteins are produced in mammalian cells. However, mammalian cells have
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(Borrebaeck, et at, 1993, hrunun. Today, 14: 477-479).
Car bohydrate chains bound to proteins in animl cells
w0 Joigissgde N- gl ycosi de bond type carbohydrat e @OAITER009/044297

(al so called N-glycans; or N 1linked glycosylation)

bound to an asparagirte (Asn) residue in the protein

and 0-gl ycosi de bond type carbohydrate chains (al so
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weli & welhgaengnized thaidhe garkgylar ekgeiorms on a protem can profoundly
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ng i annaco
which mayaiisR 66y RBEbSrotdie ceppeHtions ilnarbiaic derdding on the specific

galactose ot o ibe SISHAAIEH GRELRIEL, 1935, Bigghenbi s pid-645)" Hovwever,

e 5L Sy S0 b B it

function, dief dbilitgné etvichl fogsmeal ficulppdonnsas gljaptaeins isdhighly dagirable.

e 43551 ARS8l S R B i 2 i

enrich fmé%?&%}ateﬁl% hb@ag fa‘é?ééi‘ﬁé %Sé@ﬂﬁr;:ﬁ kenBe hitdtio elucidate the relationship
a

actosylation o ycoprotein can vary with cell

. between asferificesl yaofetin anshaspeaticdiolpgiggl fuastiparoldhmglyeoprotein. Also, the

o | ygopr ot ein b.1i.ons . j
iy o L BB o RIHTAOLL PR UMAIERH, S8Rt o
thempeut&:b%aﬁ@ipr&&iga having p&Fculbt qebifvitks. Z8bs, pBaBicB4bdf glycoprotein
. However, because it is not own. whi.ch ,specjfic

compositigng gt arerRngirhedoir prisighiar glyceigrgs H’é&}ﬁ% éesg‘?agieogi cal

15T Uafle QR pdia il N1kl Vahod Ris 1528 Sid duSject of much

gl yco o]Ire?rr%%n g?@cgé\g E)t e% n i%igjésyhi_%hl y desi raétlJlIBJeef: ot e
analysis, the process and function of O-linked glycosylation is not as well understood. However,
it is known that in contrast to N-linked glycosylation, O-glycosylation is a postiranslational event,

which occurs in the cis-Golgi (Varki, 1993, Glycobiol,, 3: 97-130). While a consensus acceptor

“sequence for O-Hnked 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 (Wilson er 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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Because different glycoforns are associated with
different biological properties, the ability to
WO 260048031 f or gl ycoproteirts having a specifi cpgiryusesoonnwa297

can be used to elucidate the relationship between a

speci fic glycofonn and a specific biological function

of the glycoprotein. Also, the ability to enrich for

d %%Edq bfShi PR eBBaro Ihfals GuBb¥C PHRAN BREY, @8d Hl8like and
have bem%r{% ucti %%bglfshlg%%fﬁer ape%?igf:ahdﬁsglcopr%t ei ns havi ng :
lower eukpgotdscutlaes Bpgicinditsd ke sYeaphsish ag Saetigraniseneerevisiae and Pichia

. glycoprotein osi tions that | .
pasors o3 B 255 RS R8BI PR witererat
Curr. Opi¥S gt iI%e1. RabhRY 15(9): O 1300k 46 yedsy cpHxkal gigrvshiagobsians by the
... the subject of much analysis, the process and ) ey
addition dffheinités mennose| ok deh@%bgsﬂha\‘tei BHIPE Rserle Gfeonine residue
o e P USRART, Y BB LGRS, WAk Ak Ande
transferasp@gdrics ANEiRtthars abpey anbe se2bnfilihgames enceding Rolichomologues in
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PMTI ané @ddishangstheir protein gradacigePmtindsk Prof2, Gspactinely, appear to be highly
e{%%cos | ati on sites of several glycoproteins show an
conserv PREEPEHFr equency of proline residues at positions
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mar ked i ncrease of serine, threonine, and al ani ne
of Sacchapoympess ¢eregisiapand grmethodyfor making reopinbiappiprotgins havigg reduced O-

ik BRSO SHEPARURS IS B na b o pef s

geneticall9 ngpdifiedyd thii recombinant proteins ardpredgred ewhighihbye tetla¢ed{ddinked
‘ a role in O-linked glycosylation are the genes

glycosylaBoReodi ng t he Dol - P- Man: Protein (Ser/Thr) Mannosyl

Tr anﬁ% eF 85 & TR Phplichie Pateh Aﬁgﬁcaﬁ@ﬁw YEIP0068BIS didddses
2009/ 143041PCT/ US2009/ 044297 have been identified in

inhibitionhetOr ghyicgidaticatheough thesuss 0 Antissn iR ATEASUPPESEIOR 1§ through the

. .insects,. and_the,|i.ke . e .
enginecrip e eathy ™ et e s KB o fRbo T HuEBoEk et Boflited vith O-
linked ghR8kaNMicH, aepancull, ofid o portcfiths PAfMpdes.up to seven PMI

genes_encodi ng Pnt _honol ogues (revi e,\ge i n Wl?f er et,
"GPP Nysory T dpherEr cAlBtotmnerDaEids B agpty) lpcigpin-

b ! " il <) j | i L : 1
transforask (UGl elisfqriUS SRR Kb (GEOHIBY glyRBissBaion found in
higher enklavbehoTheb esphadsanitateOgdydoeylatigeef specific serineandithreonine

A residue of, a nascent oprotein i.n the endopl ic .
amino acid f BiAIRY i Srecedieb e Ranngta robgfod et g amino
acids o vIBOESantikE h&idfag 5 MRR B2 RAAM RS stV RIde MMhngte T Susen ef al. in U.

encodi ng Pnt honol ogues in yeast, 0-nmannosyl ation_of

S. Patent doc b 372996 andy Bl S. S lshsddlatams dopkicgioathia. #8030020 264 dis¢lgses a

o Jpriqarily depend Qn > 8s_ |ng... g
family of BRI a5 BB RR S B e b B3 PG S O N-acety
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 GaINAc-transferases and not serve as substrates for other

-

ghycosyltransferases involved in O-glycan biosyntheses, thus inhibiting O-glycosylation.
Inhibitors of O-linked glycosylation have been described. For example, Orchard
ef al. in U.S. Patent No. 7,105,554 describes benzylidene thiazolidinediones and their use as
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10 PMI1I and PMr2 and their protein products, Pntl and
Pmt 2, respectively, appear to be highly conserved
anong speci es. Tanner et al. in U S
Patent No. 5,714,377 describes the PAM and PMI2 genes
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clycosvidifonGal NAc- bet a- benzyl to sel ectively inhibit 30
- | ectins of polypeptide Gal NAc-transferases and not

ser vdbadnenhen padiesteddp ngveldphigiipeod Pintpaelsis, Wil are useful for
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glycosylaiopad pydtaint produawfrbmefingieacinichsidellfarbesocatrplied.
O chard et al. in U S Patent No. 7,105,554 describes
benzyl i dene thi azol i di nedi ones and their use as
SUM? imycotic agents, e.g., antifingal agents. These
enzyl i dene thiazolidinediones are reported to .
i nhi GlompomedPmd methpysare deseitedtipnprodhedng proveinicompgsiions
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Konrad et al. in U S. Published Patent Application

No. 200Z0Fg8235 disclose a nethod for treating or

pr event dicgbet es nel i tus by pharmacol ogical ly

i nhi bi tigy, 051 i nked protein glycosylation in a tissue

1) - N- (n- propypani noj
@ or a derivative thereof,

and thereby inhibits O-linked glycosyl ati on.

Kojirna et al. in U S. Patent No. 5, 268, 364 disclose
t herapeutic conpositions for inhibition of

0- gl ycosyl ati on usi ng conmpounds such as

benzyl e- a- N- acet yl gal act osam ne, which inhibits

ext ensi on of 0-gl ycosyl atfon | eading to accunul ati on
of 0-a-Gal NAc, to block expression of SLex or SLea by
| eukocytes or tunor cells and thereby inhibit
adhesi on of these cells to endothelial cells and



The invention is directed to novel inhibitors of Pnt
proteins, which are useful for production of

reconbi nant proteins with reduced 0O-1i nked

gl ycosyl ation. This enables O-Iinked glycosyl ation of
proteins produced fromfungi and yeast cells to be
control |l ed. SUVWARY Conpounds and net hods are

descri bed for produd ng protein conpositions having
reduced anounts of -0O-1inked glycosylation. In a first

aspect, there is i ded a conpound sel ected from
/h\t foll om ng graup or a salt thereof. The
HOOC™ Retdd includes groducing the protein in cells

t He presence of certain benzylidene
st ones i nhibitors of Pint- nediated
ycosylation. In a second aspect, there is

in a culture that produces the
(b) contacting the culture
7dr e conpounds as defined above, which
i nhibit Pnt-nediated O-1inked glycosyl ation; and
(c) isolating the protein produced by the host cell

per—

\_/

S j )
Hooc” N/U\'S o 0—>_

F
or a salt thereof. The method includes producing the protein in cells cultured in the presence of
certain benzylidene thiazolidinedionss inhibitors of Pmt- mediated O-linked glycosylation.
In a second aspect, there is provided a method of producing a protein having reduced O-linked

glycosylation comprising:



BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure

1l illustrates the effect of Pnt inhibitors including

t he novel inhibitor shown as Exanple 4 on

0- gl ycosyl ati on of secreted reconbi nant nonocl ona

anti body in Pichia pastoris. The chem cal inhibitors

of Pnt reduced O-glycosylation in a dose-dependent

fashi on. Western blotting using an anti-human H+ L

ant i Hady \gmewingercdlondatudiote thaigwgdidds fhegprdteiri;ght WO

2009/ 43041QC11U 20q /044297 LC&iChaiﬂﬁ in %he _

gr owt R medPHEEPE SEFAFRE VI @B B0l CRPP ST B4sfigy above, which
inhibit Paivahkilfed0-Biedi dNidRThO6n; GRHOher doses in |eft

| anes). The sl owest mgrating band (marked with

ast effsk) Isokaingihe sratpia rodusky by e bastdellHe which is

elimnated by Pint inhibitor treatnent. 5 DETAILED

DESCRI PTI ON OF THE | NVENTI ON The present

i nvention provides novel conpounds and net hods for

BRIEF LES{FREIRY QF (a0 RAMANGST ot ei n (i ncl udes

ool y . . _ iy . -

Po oirbhkd iy kR PLR P b B pURSARY] it
shown ahByampled dreCptachsplamom bf edkrded tetd@binghtyrosydiadal entibody in Pichia

. (Lpcluding .no. 0-1inked glycqsylation).in that cell .

pastoris.y @E%?herws%ﬁ%}ﬁiﬁ&arﬁ qhyartaddsen &%&@ﬁgsy ané%i@ﬁe%ep%ﬁe%f fashion.
Western BIGHifd BsiRE ah e hGRTan HY B aRG65ay56h ustd tdMMEH HelSy (He) and light

protefn 1S susceptible to O-li'nked glycosylation in

the host cell in the presence of one or nore novel

conpounds of the invention which are inhibitors of

the activity of ‘one or nore of the Dol - P-Man: Protein

(Ser/ Thr) Mannosyl Transferase (Pnt) proteins

involved in the transfer of mannose to a serine or

t hreoni ne residue of the protein in the cell

optionally with one or nore a 1, 2- nnannosi dases as

described in 15 Bobrowicz et al. U S. Published

Application No. 2007061631, at the tine expression of

the protein is induced. The protein that is expressed

in the presence of the inhibitor has a reduced anpunt

of O-linked glycosylation conpared to the anount of

O-linked glycosylation that woul d have been present

on the protein if it had been produced in the absence

of the inhibitor. The nmethod is particularly useful

because it provides a nmeans for producing

therapeutically relevant 20 proteins where it is

desired that the protein have a reduced anount of

0-gl ycosylation in host cells such as | ower

eukaryotes, for exanple yeast, and bacteria, which

woul d normal Iy produce proteins with O-1inked

gl ycans, having a reduced nunber of O-linked gl ycans.

However, while the nmethod is especially suitable for

expressing proteins with reduced 0O-1inked

gl ycosylation in | ower eukaryotic organi sns, the

nmet hod can al so be practiced in higher eukaryotic

organi sns and 25bacteria. The Pnt inhibitors of the

invention are selected fromthe follow ng group
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WO 2009/ 143041PCTMs52009/ 044297 and 5 or a salt

t her eof . The net hods described herein are
WO AWMAGRRovenent over certain prior art nethodTiws009/044297

produci ng proteins having reduced O-1inked

gl ycosylation in host cells in which the proteins 10

are susceptlble to O-1inked glycosylation. For

(Lc) chai 5 th %DS aﬂx@ngi;é% gu‘ﬁhs trefedwith- 1n@r§ésﬁ@an&&nt#50ﬁ’lﬁt igiibitor

maki ng reco |nant proteins
(higher déwey imigfiiats) sthedsldwerk B:dg!@tl;tg g@d (markadl wigh agerisiohipgicates the O-

eivcosyifiEwBiE ot Gayohe Rsbeibeif 000l onazor”

DETAILED DESCRIPTION OF THE INVENTION _

The present invention provides novel compounds and methods for expressing a
recombinant protein (includes polypeptides and glycoproteins), which is susceptible to O-linked
glycosylation in a particular host cell, baving a reduced amount of O-linked glycosylation
(including no O-linked glycosylation) in that cell type. The method involves inducing expression
of a protein of interest in a host cell in which the protein is susceptible to O-linked glycosylation
in the host cell in the presence of one or more novel compounds of the invention which are
inhibitors of the activity of one or more of the Dol-P-Man:Protein (Ser/Thr) Mannosyl
Transferase (Pmf) proteins involved in the transfer of mannose to a serine or threonine residue of

the protein in the cell, optionally with one or more o 1,2-mannosidases as described in

' Bobrowicz et al. U.S. Published Application No. 2007061631, at the time expression of the

protein is induced. The protein that is expressed in the presence of the inhibitor has a reduced
amount of O-linked glycosylation compared to the amount of O-linked glycosylation -thai would
have been present on the protein if it had beer produced in the absence of the inhibitor. The
method is particularly useful because it provides a means for producing therapeutically relevant
proteins where it is desired 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
lower 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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the Pint protein havecbeen genetically nodified so
t hat reconbi nant proteins are produced which have
wo 208used O-1 i nked gl ycosyl ation. Wil e del et iPET/S20U0084297
PM'], PMr2, or PMI4 genes in a fungal host cel
enabl es production of a reconbi nant protein having
reduced O-1inked glycosylation in the fungal host
cel,| , expression of the PMI genes are inportant for
host cell 5 growh and either deletion alone al so
adversely affects thg ability of the fungal host cel
to pow thus making={ difficult to produce a
suf fji ci ent quanti f host cells or reconbi nant
Hooc” PH in wth are d amount of O-1inked
_ etion of PM/'2 plus either PM?'] or
o be lethal to the fungal host cell
genetic elinmnation of the PMI genes in a
oul d appear to be an undesirabl e neans for
gtombi nant proteins having 10 reduced
cosyl ati on. In contrast, the
' he host cells used in the methods of
t he present enti on have not been nodified or
del eted, whi enabl es the host cell to 0-glycosylate
those proteins that are inportant for cell growh
until which tine the activity of the Pnt proteins is
i nhibited. In generalf, this enables the host cells to
be grown to highe vels than the levels that 15
coufid be obt ai ned he PMI genes had been del et ed.
[ cul ar enbodi nents, expression of

pfotein in the host cell is
n i nduci bl e pronoter and the Pint
n/the host cell is not inhibited until

the reconbi nant protein is induced.

protein to e Wwoduced in culture before inducing
expr essi on e recomhi nant 20 protein and addi ng
the Pint inhibitor. T can enabl e production of

| ar ger anmounts reconbi nant protein having reduced
O-linked glycosylation to be produced in the culture
in a shorter pgrigd of tinme than woul d occur for host
cel Bs which ha ad one or nore PMI genes del eted
/ﬁgngﬂgrOMIpoorl in culture. The Pnt inhibitors
HoOC™ dgscr$ bed heteyn are/Tnproved over those described 25
e = n Orchard et al. (U.S. Patent No.
©®, 105%5- d) Bobrowicz et at (U S. Published
[ 7 007061631) based on i ncreased

pot ency as shown iﬂ anple 5. The increased potency

allows for the usé smal | er amounts of inhibitor to
reduce fungal O- ghMyepsylation to acceptable |evels
and/or increases the potential for conplete
lim nation of 0- glycans. 30The nethods descri bed

or a salt %%%%n facilitate the production of glycoproteins

havi e hReH8E Heliibbkaindlry 60 SMbRWERABN dveh@iairttdrart methods

_ that have been genetically noditfied to produce | .

for produginggopieints drvisg hedricad Oplirked rglyroayiptonindwst ¢edlg imyvhich the proteins
i nked. gl ycan structute but i I -

e s S S S Do ABL F sRHn L RAE P, B s, P e

5,714,37MH&Rrivad 4 Blethol fodhiiaag kaaibisan priteigs 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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WO 2009/ 143041PCT/ US2009/ 044297 predom nantly
particular N-1inked glycoforns have been disclosed in
WO 2%boq3zBat ent No. .7, 029,872 and U. S. Publ i she®CT/us2009/044297
Application Nos. 20050170452, 20050260729,
20040230042, 20050208617, 20050208617, 20040171826,
20060160179, 20060040353, and 20060211085. Any one of
the Pmt p}&gnfm&be&l %ﬁf@{%ﬁ? hBfed & hhG-alRiaARMHERS B&E&d which

at ent I cations can be used to produce

have redug;bcil eel;mlmﬂ@lycobgdwmm]g Whild delicthemed the M, PMELA ar PMT 4 genesina

fungal hog) UGG PEACTLTHY S RE TR 8 0 Do SLEa ey i

glycosylallas iP@e RuldAURckt bhR ex5RRE0H 85 the PRIT Berlcbate iRgloetalieonhost cell
enetically nodi fied to oduce glycoprotelns havi

grovwih aigh @hemirleen Jose e el AN R EHG] f dhn FPER RoFL ARl o grow

s a0 RN HRodEL L s LRt OED: ALl inat protin i

ave not
a reducedBibiunt 660-Iked gkaopileaionp Ddletivnl efiP HThpiak cHinet R)dAEbr PMT4

I i whi ch I d
appeats o stk AR B ol o ThBBRrs GER B plgpipetioyafthe BTugenes in a
host cell ‘K*"?ﬁ?%%g%ﬁ’ u{%@ S GRIRREBIE Gl FOVRFIMRL IS RecimbinkiR Brdiéik€having

gl ycan structures have been added, can grow
reduced Q-diskedglytosylaéinnf t . ngal or yeast cells that do not the

gen ic i fi ons. one. _af thes
o P a6} BB BeIRrEoeth iR PR By presen
mventmndﬁkrs hb@é’b%n ehodifial FNElged) i édaeres il Hoet fulll tot® glybesylate those
| s or adversely affects the ability of the cells

proteins th@t age popartns fr cpld Beoveth gohwhich dims the agivityyof therfyat proteins is
inhibited gﬁ}g ét?lsg:g%ﬁ%%gﬁtgﬁtdoeggﬁ eg&g{i} hlglﬂﬁllo%@%g Bﬁﬂ%e levels that

could be glﬁ:lfiﬂnad iﬂlhg PO gemes had bm&hlet?i.l dﬁtadﬂmw, inpagichlan embodiments,
efaore in C|ng ex n of . the r i nant. .
expressiog o Qe B AEH OB IEE St PHA BB U3 RGPl prgmoter and
the Pmt a%wbhﬁl thhoR ol & xﬂﬁ inHIRtdganAH kXpradsidh FBe RoMBI@nAprotein is
mannosi dases, roduce the r econmbi nant
induced, g’rh;mqabkas &irge qmmgs pf ewbedilsaaniapipge ppddeir apidancedingd

ooty 58S ER S NS Bl S A

protein and ad@Vihe PsotfisHibiory | THEOSInable pradieash bf arpet amptus rt@mbinant

reduced O-1i nked chosylatlon and edom nantly a
protein hmreﬁp@edl\ﬁflmkﬂféalg ygPsydatioa ionbe Bragie tﬂ%ﬂfﬁ F? Fhorter period of
ime sS4 APRIE SO 113000010 G5 gt o v
pmwh&nb&hahjve to conpositions of the same gl ycoprotein

Cer | Sbe kDR UP G a0y Sy B SRS PR R gerrbed

previouslg sy G}?Qﬁf’d 81 0. @PSPRRéH NY) 70QBP51F bﬁ%é&ﬂﬁf&@r @t Uk @dblished

ation and a predon1nant N-1 i nked ycoforrn
Applicatips Noh aﬁm%lél%uhase@romam@rpeéﬁmmwelmmm gt The

1ncreased%ﬁ%&gagg a[]ﬂxa'g ?{?rqlé%usgqu%%{agsp a%éytmtgz( éf“i%ﬁlt%lto r‘é@uc@%gal 0-

slycosyla@bh @C bdc¥ptable e Lindor ihct8aseh HRrprpaitial for phapmumamn of O-
conposition of glycoprotein nolecul es conprising, for

glycans. exanple predom nantly Man5GLcNAc2, Man3GlcNAc2,

c mg% %@?@%ﬁ&%%%ﬁzn of glycoproteins having

reduced (@ébln(ca giNAesy Pativi i Bdst el Pthat Igave Gee\daicgdalya@hdified &) produce

giycoprotgipy h%:ngmev'@c ket h@ ok ﬁ’é%ﬁ%'ﬁ‘%sw%‘? ﬁ? g also O-
elycosyla?é)t@lgl gﬁ%g#vzp e lxojé'gaﬂn 4 £UELehrty oY R@proteins having

effective at | ower doses,
thus haV|ng hi gher efficacy/_potency. In
general, the method for produ0|ng proteins having
reduced O0-1inked glycosylation conprises transform ng
a host cell with a nucleic acid encoding a
reconbi nant or 5 heterol ogous protein in which it is

e
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sequences include an inducible pronoter and
optionally an enhancer upstream or 5, to the
wo 2000¢14894¢ aci d encodi ng the fusion protein an®#Ca/us2009/044297
transcription term nation site 3 or down stream 10 -
fromthe nucleic acid encodi ng the reconbi nant '
_ protein. The nucleic acid also typically encodes a 5
IR, Leg] ' 0. 7,029,872
predomingiiy GEELEM XHHKE0 bR RAR, 1RERULNG:S L) BB
and U.S. PﬁﬁﬂyhaéﬁmﬁﬁﬁhﬂanvénﬁZﬁﬂSﬂéZﬁ452aB®350Eﬁ0129LR@Q%Gﬁ3QQﬁchﬂﬂ50208617

zoosmmgé&%ﬁa”ﬁia% oG8 S DB 7RSSt ARG RS ¥ of the
host cells uﬁ'ﬁfi BGeRnti RPN aRkDiRerk Qb lidaliB@Scan be used to produce

articul y yeast, can be successfully transforned

a glycopmieimhzafmgjprle@mmanﬂl}da pa‘@wlﬁgNilgéiﬁﬂ ehivenisucEe gay having reduced

I
ok ERSER R e A D G PSR DG bt

that have%@é'z! S@RticA Vo E6d eeedudailyduprateink hivieg pfedomimaelly a particular

IineS known to express the protei usi.n ers
N—hnked@bm@mmurp@@a ey fesrowell il Hisles PagTiRb Qg glaaﬂhost cells
P Ly aHse
that haveévlgk P%egsﬂ?é% d eFér_)}ro \%afné%ﬁ é%&mul@l“ﬁh%élcan@ %‘% cél?ﬁﬂ £8ies

on se uence
involved $h@Rrithitmwsylatier Bivertecn déletdd ehé Dﬁleagﬁmﬁ:s n@qhdéﬂ! predpee particular

manunal %ﬁ ,r(% hﬁ%'gqf g,gq ﬁcléécx §§Wh$ gtégc%m%\é gﬂea\%gg @‘g%egh gan %row less well than
fungal or%/%%% 8§I§?ﬂh§ﬁ§) & 0 gen@ﬁ@h‘@ﬂfﬁoﬁﬁgﬂzﬁ g85b8 of bdse g&ﬁu@ﬁg modified

In one aspect, the nucI elc_ acid
fungal orgnsm dblig firther fntwdsring deleGpes aiithy PMTgcags ¢ighes s lethal to the cells or

0 I i ch h
vl S5 LSRG L PSSk oot
herein avBRIPBE potehlig d@lb‘férﬁhl@ efeitsl oPdel ofhgnde PALT rgf:mdisé:iymlﬁowing the cells to

operably |inked to a constitytive 25 ter .
grow to suffadient aeniities 1 auliven befors HAUURg F&E%&n&?g‘?f‘eﬁ eﬁﬂmg’ﬂa?t

glycoprofeid, :511%?& %ﬁ?ﬂ%ﬁ%ﬁﬁ ?f tgg iR RROP S ?re'téﬂﬂé Hﬁﬁ‘orﬁﬂy with one or

st gha ence t rect$ the protein to
more e lﬁbémbﬁtc&iﬂamt ® prbéuczah¢ recaimbinast mmmwglgl nretismnanﬂy

b | ated. |
MNP TN
suf f iaGi £hict bPHRRAHSR RsctasddReIAT thatit providys fifr afg?ﬁoprotem

cells su |C|ent to produce the desire am)ug5
compemmmmwnm md@ed@lmge%&léw latior and A Rredprsietiy o Spemﬁc N-linked

aorony s 5 Ryl e B Mol i i e
and/or deéeabed endekired inaneaipshivitg rrelatice incuemsitioss afitiedame gh?heproiem
producod pommmananon cHor i o ST AS afBied Bl et
producing lfllxe% %lﬁr@oﬂ?&g%rc%ggﬁggﬁg rlb g%&fced @ﬁ&:ﬂeﬁgg?c%@yiatmn and a

n-rs duced O-11nk
predomn@ﬂnybbbﬁedtgl}cmfcamﬁs elmat h%vpatscmed@ﬂon whindesired or inactive glycoforms

e T RO G L ST e v

glycoforfal SHIO Sherafdutic Phatiskftical BothPesiGee @ﬂ'giycﬁﬁ)&ﬁsih m{yhﬁﬁﬁ gomprising,
the nucleic acid encoding the protein is o era
for examplm pedominaatly M@tﬁqlﬂtm%%mﬁi@@ﬁczi Qﬂ‘ﬂé Gﬁqﬁ%cz,

RSN TEN: Bt T R e G RE RS
MansGIYALL (Bl RcRAL PN ARIINARS, AR AGAGEN Mo Ay,

NANA2GalyGleNAcMan3GleNAc), and GalGicNAcMan3GleNAG) glycoforms and having
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5 produced havi ng reduced O-Iinked gl ycosylation, can
be recovered fromthe culture nmediumor for proteins
wo 10887143881 ng a signal sequence, fromthe host saElsbow/ 044297
lysis. Chem cal s or conpositions that
inhibit the activity one or nore of the Pnt proteins
useful for producing proteins with reduced O-1Iinked
I t
reduoed QHRAP Yy Bl oA uytRAFK ARAIPRALAL: IR0 BB highe
efﬁcacylpcﬁeml@& rabl e t hat the i nhibitor 10inhibit at |east

cul clhErBPEL e et o s TR n e R ked

glycosyidﬁ@ﬁ b&h{m?&tﬁaﬁbﬁoﬁnﬁf ARt LIRS Hﬁclbiﬁ akfteerb@ing b recombinant or
eukaryote that correa%onds to the Pntl or Prrit2.

heteroiﬂgiﬁh@pi@tmtp suwhish éf is dpsir hﬁ@l@[f{?cbﬁe thegpratgbippving tgduced O-linked

o P B BR SO LR AT 00

regulato E;tf Eiﬁfes&ﬁmhlibﬁ@xﬁésﬂlm afthe récombinicanploteT Sgenegulatory
e 1 and Figure 1 of Exa IeSSgowthat any 0{]
sequencegfnclwé aam@:h%%ammfaftaﬂéwyﬁ%%ym BIEHFRSIAT O 1 0040

nucleic a{f)& ls "t:{fdgn d mgioﬂﬁﬂ bndh fRARY Rbhaliay sBO3'1RW8Hh siream

nes and transfornmed with a nucleic
from the audleic mdmmngtfweemﬁwman@mmgnﬂ"he ancleisecid asn ﬁym@ak}ly encodes

o5 UTRBAeS RaSE Bkl ERUFE 2R YIHSHAREAPS R B o i

ofiena cérﬁﬁﬁﬂéﬁtdof ARG 8Slicable sk @éﬁ%l 1P i cothe tr&tiobinuvit pﬁat@n is expressed.
| evel of reduced 0- 20 l|inked _glycosylation that was

The vecwmn elsegonigina ingeker to allvey reegities offrdusinrmgd cells. However, some

et e SPUEORAT VAR SEEBP shRE SO RARALILR il heskets

extraneousBicORF gajpedcdybd Chem Letters (2004) 14:3975-3978) and

pat ent publications hy,the sa aut hor.s i ncl udi n

D S valb ok anpoRG A Sroombmat) BOWafARIated rom several
sources. %@M 5&{%& E%bg%ﬁl@ﬁéﬁém AR HASS kdeRinl & ex press the protem using

as used herein refers to host cel
primers td emmemddegensf{ebd dovsxaipld, ddroset adel Mok Siolt hl ﬁ%ﬁﬁ@ﬂl))

Nuclic feGEPR BR3P oR BBt P e St iy &idie treraure,

Nucleic R¥R¥RA §1sb bk Qﬁﬁﬁééi%bﬁ H insioh of e8&iapp@le dligoatideotides spanning a
currently preferred for expression of_proteins

desired s¢seneps(ees; ay, (caddastd abclmisin Eagingering {1irddd;368i0e0%)- gh
yi el gs n%balsgéc?,ftﬁé a0 ARLORH %&Lawfdni@ gtatbfnitd ffhm

are cap pro ucing proterns ui t
induciblegirygory,| wiiclo Bli@m é}q:WSzonch\ﬂw protekuatoyiut méuaedovlrhmdeiesired. In

yeast, fun -fl.agel | at, di
another algpgh ShR Aol Bo1d QiR 1P LERIPP It SESTabIE PRIt papstnutive

promoter Q‘o%slﬁfa@%/‘ggﬁggﬁ‘%f ﬁfére%g&%%)protéﬁoﬁ@@%@aﬂ&%r&arabfe&ﬁht the

(e.q., reenateg plant célls, noss
protein imchdieetsignl proueietthat deegtstthaprgd lwhlgbe ¢>i¢c¢’£ﬁlj§ifﬂ thgtcelh pelture

ot S50 HAOLESTL 000 SUA200. L /A SE ot s cte

for a timd $uFiGBAN 6 Prodiics ﬁld%s&dcﬁﬁﬂltxgﬁﬁw @ﬁ hdst @d]ls&uﬁtbi‘ém PRgroduce the
Pi chi a menbr anaef aci ens

h
desied R PP ARG P T R BT PR e ke

LRLQ r
o TR TR A S 8
simultandoagiy b tigmndecer $paddell es thexaitpledeSae aliding theows: or more Pmt

cerevi si ea
inhibitors or the one or r)norc Pmt inhibitors is added fo the culture before adding the inducer.

The induced protein is produced having reduced O-linked glycosylation and can be recovered
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5 Hansenul a pol ynorpha, Kl uyveronyces sp. (for
exanpl e, Kl uyveronyces |actis), Candida al bi cans,
wo 200p2%di | | us sp (for exanple, Aspergillus ni BOIERZ09/044297

Aspergillus rziger, Aspergillus oryzae), Trichoderma
reesei, Chrysosporium |l ucknowense, Fusariumsp. (for
exanpl e, Fusarium grarni neum Fusarium venenatumn,

from the é’d?éﬁ?&ﬁ@&i&ﬁf&' Br PidhBikn oA Bavible HERSEequacasiiem édast cell by lysis.
I'n particular, are currently preferred because %gaét

In the secofid aypsciewhaisin thi adclgieneidi ensoding Sva prgteivis operpply lipged o a

. .transformations, tested.nrolgy :al. by zat:i A
constitaii PAPEINTGR On gt PR P CHERe AN Aa  ELRRR ehosrlations
added to SHchRRk Moineh of GieRane timenhesdinaisstblisiedsed tergrotsin, which is

such as pronoters, including 3- hoquqﬁﬁ(la%g[gra%e e medinm of
producedhaiag exdoeed Cripleg ssamyeis. S EoveR (s P o
.repl.l I.Qn.: [ the |11 ke as
for o R SRE b PR BonicusncapLy Bl e | ke
past OhédrsicalPiot boraposit draridt intabit decaciBitHaNGTOPE of the Pmt

. polynorpha are currentl| referred, for celdl I :

posins bk B e ot oI HES) BREgRbby LI Bea v

When the it SIS BUSwhARMEryBARER hi RBgDEr yeaqOWh dwaitblp tat terinhibitor

I kew se, filamentous fungi, such as Aspergillus . th
inhibit at heagiethe aftigtyrafhmt3 wr Pm&m%pﬁr dndighes eulearyptess [dt desirghle that the
. ... be.used to produce.re ' i ds to the Pmtl
ibibitor RRHIERTFEY oBBRBT IR B APl LB R odhponds to he P
orPmt2. filamentous fungi and yeast, can be genetically 20

nodi fied so that they express prote

gl yc e eamaparnds af eileysotiog 2% 5958@9? be ?ﬁ%ﬁ&é‘% Riefueing
recombing#ljtlnﬁgfﬁgrisﬁv&rg (ﬁrFl{git@g gﬁ%ﬂcggw&sﬁﬁﬂorpﬁ P hia9¥S@riP Yrains that had

ati'ng genous gl ycosyl ati on enzynes

intact, fusdiibhelr PR Mpehss. ripbix bephbigerecnof Frssnple 5 ghe ithab ary ene of the above
Genmgross. et al...in U S. Patent No. 02

four Pt oo bR SR o R A P b et

ﬁmcticna% gg@g%%n%ggéd a0 9592804 a0a nd84 @2AANE2ding A BROADBBGHT human anti-

20050208617, 2520060160179, 20060040353, h
Her? antibody POOSO20er0WIS Jinked o, andnfierble papmoterat theiBireiod pxprespion of the

.or alternatively, be ' - 1O : -
b G5t B S D PO AR B ERF iR ot
linked glﬁcfa@ﬁhtﬁéﬂ DAt Ghs Pagrovelichitivhlugthedavel sf Oditked ghycatylation seen for

g

i eld. h . d
Y BTE N TR R
Med Cheg}g%%tlg%g (R4} Y#:By’iq—%i}/’f 8g GH @ BRES: pubYicARAR By Uhe Signathors including

e not’ norna ssociated with the enzyne. Host
EP 131343 B 5 ashBobdoswiche 430 .SoBilflisbed Apphisasionde. 206 ({lgap31.
nucl eoti de transporter and/or a nucl eotide
di phosphat ase enzyne. The transporter and
Host Celfil Phosphat ase inprove the efficiency of engineered
L

SUbs Tha e Teolis dsamis by ies rhist AT oA fioliows. While
host ceu%}r%g g@"c}{é@%ﬁ @gﬁ%ﬁi’ﬁkﬁﬁgﬁé s PI@%P&M&%&&%?&%& Hher eukaryote cells,

1on, ting the renoval of

lower euﬁéé}g)@de 1409 43:RGhing R ARMeAR Bihgh ur yestedle, ate prrosntiygrefsrred for

b ST o5 o gL N S R LS i
and Wherg %}%ﬁ?ﬁ%ﬁgfﬁocﬁﬁ% 4R 14 HEprBRaGRIBRIdiI AR Sitable glycosylation

patent appl I cati’ons. ] o
patterns. Lower eukaryotes include yeast, fungl, coliar-flagellates, microsporidia, alveolates

(e.g., dinoflagellates), stramenopiles (e.g, brown algae, protozoa), thodophyta (e.g., red algae),
plants (e.g., green algae, plant cells, moss) and other protists. Yeast and fungi include, but are

-10 -



10

15

20

23

30

By way of exanple, a host cell (for exanple, yeast or
fungal) can be selected or 5 engineered to be
wo Replsbiad in 1, 6-nmannosyl transferase acti vi tROI$S2009/044297

whi ch woul d ot herwi se add mannose residues onto the
N-glycan of a glycoprotein, and to further include a
nuclelc acid for ectopic expression of an a-1,2

not lirnite,rdrtﬂr &m]aé[ahgﬁé YichBb o;%?‘ ahlime zﬁfaﬂgz%ﬁt}’igﬂzaq;ehalopkz!a

ycopr dt el ns VI ng greater t han nol
Pichia mmﬁrcm&m&am@l, f@d&mmlmmﬁlf@mwfmfmhfa Izgdnerf),

Pichia gl Hichia et orier et RS LT TN Pror it pipers

Pichia st@ki¥, %Qﬁzﬁtﬂ%‘rﬁhrﬁﬁc\!& NSadh8 %ﬁé‘ﬁgi for SxMBNS Sh&dieotiyces cerevisiea),

dl'ycan structure and | ycosyl ati on
Hansenulogopanaeha,Kluivereees gp- dfcmeﬁazp;al@ roredsdagish | Candida

atvicans, Qg ablsp Sy (b Bt HerATREE IR QIR it Fopersits

oryzae), BSHRermErR5@SShieBospbritdndimotvemsesFasopiue dp. tot exdniple, Fusarium
whi ch enabl es %ducu on_of gl )Q/ecop i ns havréﬁg%
gmmmewm Easmivanenapa BB RRe ﬂﬁrﬂa‘? g)’E%FﬁéPOW g. Yeast,in
i id
et QSR B ik 00 10l g o

transfomzaabhs testddl prqﬁemducdtzaugm yrooegies, emdrfahﬁcv gq:ng: knock-~out technigues.
redom nantly .a A eNAcMan5G cNAC2 can st r.uct

Suitable GioEpry BeN AR SHO) PR 1O o DD SEP R nacuaiig 3 €
phospho AERPLREE! & dﬂiéi’%%@tic%nﬁﬁﬁcsc ghd arDbAEH OF EePlicAtibrdtermination

urther still ect,” the host cell is engi neered to
Sequen%r?,umdrﬁlmhkerﬂsldﬁr nucleic acid for ect opi C expression
of nrg,nnosr da i
of gl %tgrygfa Eclhgs\cljli’nl\ém%%e gﬂ?&g&:@?ﬁ@égﬁa We%%ltz&zo Bnd

Hansenuld ﬁﬁ%&?ﬂ&&&hﬁeﬁt&\b@f&fmﬁrﬁz collfoxituse @Icwsepha}teec able $0 grow to
produced in the host ceIIs acco ding to. t&d]é (H

high cell dewitics ad strarte ragge ﬁt@%%? EEPPERRIT Rrotify ddkgvise, flamentous

fungi, sucﬁi %%@E%ﬁigz%s?z V) 5&9 W DARbbM @afd SRPGHNBRIGH BAAGAE 1o

Ure an reduced 0- gl ycosyl ation
producetecxrrpianmtm‘u;iemhatgimugmelm produced in the cell

o bl bR IS s

modified %8 ttlﬂi@ §§§xb@eﬁn§3$r £HMAseins anwhieh @seplldoslatiby patiern is
g enabl es production of gl ycoprotelns having

humamhtm edummmzqd | yhig emvheznhiesed bainining selectad endpgepoys

v SRS ST BB SELAR OGS .
1.5, Patefpft g%gﬁgg,gmﬂr@tﬂilmbﬁﬂmmtm aq}phrratlanﬁxky 20040018590,
20050170555) S00gPED RO ST BRRSE JhstaTslc: i Shoeey

20060168 12?9‘ mﬁéﬁﬁhms‘?,t %kﬁ! YhewD211d8st Aol nott bdid caﬁ%eﬁﬁtoﬁatbl &e

ost cel can be further engineered to produce
alternatively pampircated to tyiresschneror curp FrsynNs gk yezrcpctivities, which enable

e proc R el SR AL BB KRt L\ g

to a host %chﬁ&h&rdor@éﬁé‘ﬂ@%ﬂ kfidtoMe ehFymai il vl lopﬁtﬂapéhuvtt!;a afor example, by
encode for exanple, sialytransferase activitjes,

means of sigaekpaptida net normalin astesiatpdsuththeieprime sHogcalapgamaiso be

modtﬁed%og%ér S 304%0 A V%%%%Q%g‘b;&g@? a@@éﬁtrﬁg&ﬁg?eﬁméﬂhﬁmﬂmme

The transp6itérdntldipHokphasase ihpeovielthe 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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preferable that the cells further include one or nore
of nucl eic acids encodi ng UDP-specific di phosphatase
wo @6d/i4%d1y, (I DP-specific di phosphatase acti ViPCH/usaoo/044297
UDP- G cNAc transporter activity. 5Pl ants and pl ant
cell cultures nay be used for expression of proteins
and gl ycoproteins with reduced O-1inked gl ycosyl ation
h LE
nucleom 3]&%1 ﬂ{h&g g{ﬁ’ !f(gl'oeég%gie E%{'ng?&é&%na%ghﬁ 12!”@%’ Phgﬂ)fSh&d %El'béﬂt APPIIC&UOR
No.20040Ba 898MaidHehilRh, 20089 Séh,enﬁ Hhit 13p4-46 Bﬂdﬁ)thﬁ aforeme@ionzd Y1.5. patent
Dunn_a cil., 1990, Plant Mdl. Biol. 15: 281-93);
and patentippplicaipis] . 1989, Nature 342: 76-8). Preferabl e
pl ang té}ﬁ% @éﬁ%hﬁ)ie '9‘6@90% 8l 8an be selected or
Ni cot?(%z ac E%d@ﬁsgg%i% ana rustica, 1Oﬂ§EdDSoI anum
enganeerddubéaedspllettd in 1 ,6-mannosy! trangteeese a@@rltxcse whiqhrwodd ptherwise add

manmnose Is?sbcrugﬁ ﬁgtoéh %EIDCBJ of e| n uc yials ?ﬁﬂlﬁﬁka rgxclem acid for

ectopic eﬁﬁr}éﬁﬁﬁl\’éf%ﬂ 8l 1 ﬁ&nbﬁd@étacﬁeﬁﬁlvﬂuéménabiea prodaction of recombinant
bacul ovi r us- based expreSS| on, systens 3@ for Wh
glycoprotginshpvieg srutarithan 3 mple pemngaBﬁGP%f‘cO% 1ebigynsg. When a

e e RSN S LGB oGRS e

will prodﬁ@éwgllyb@?oﬁehﬁwiﬁ%&mﬁiﬂlbﬁw £MARGRINAI¢-glwad stracture anid

expr éSs "and produce proteins and gl ycoproteirts with

reduced Oesiicosyation conkpaedyioytboglyteproen prodeced gntherreloierpseen 2.
further as\fyvgtth%C %%%ﬁ cieﬁéfo glg%%?%i flto 2 n S %1&1-:1161? a&rz]lé |S}g1f %cgorpb‘y&garessmn
of GlcNMazﬁférﬁse'I 'a@ﬁﬁly, Klich GRbles Frdélﬁz@ﬁ@f ﬁtﬁlycmézﬁﬂaaﬁﬂg I

['ines or the ke or transforned B-cells

predomiayty MM@MM@% OV b £bFoRTREYLISaERduges iy fhe host

S T R
predomirihitlfh GlcIA8HThns G2, Nigbycan 8QuetfreGBy redmmed Heglpasgliagion

processing information sites, such as ribosone
comparedioridie ggrcspm@sn pRIdacesinithecel] etherwisso |1y adwigar 1l gpect, the host

cellis en%@%ﬁ;ergg i9 L anf %fre 'a% 1%{1:8491(; % %@%&%ﬁg&gﬂﬁf%ﬁmogldase i1

uences are ters derive

activity, Weﬁ%‘%@ﬂﬁ@wm of gg;enpmte@mmgﬂpteMmamy bovi ne
| loma Virus gal ovi, r us he. | .
GleNacidaradlsNA, Nrebiemss t%@réa F@Pﬁﬂ%ﬁ@ﬁﬂ%@%ﬁ%@s RO cells according
SSi.0n ,cass r
to the m%%is eheﬁ%eté? gb 53 e 0 c | ng 2[1%%&% %té% h% & qﬁ‘zdﬁmmaﬂﬂy .

GleNA KRGS NRE) MaBlyes: brangt and edinced O-giiwshiaton cehparky/to the
conventional methods, which vary depending on the

glycoprotejpprodficedeh fthe call dibarwiserdn adsahnsistll aspech ﬂmh%h@ﬁéblﬁ gpgineered to

t men opl ast fusi on
further “}Ci fab‘hg‘:’*‘g% g’lp egcpreos,ﬁmgl ?‘fﬁ\tg%éegﬁ %%r ans act%vr%rhwhmh
enables g%du%lusﬁ bf PRRSFHIOD RRhdiRediisidaithr GRBIA W Man3GiN Ac) N-giycans.
Tungst en part| cle ballistic transgenesis is preferred

When a dlpeoppbtaintis pridusedaindh¢ hos welds accarsing tgdhemathog described herein, the

host cellwgﬂLgx}oldtslﬁg% %l?frlgiﬁrp%/gxl %}?ﬂbg{: e om nt%i@ @5@&%&@1@%@ N-glycan
structure%gg %d]u 9 élgﬁégsgﬁﬁgg %r%ét%@ the glycoprotein ﬁ’cﬁﬁced in the cell

ressed telrns or ycopro ei ns"havi ng
otherw:sé em@ﬁﬂe&ﬂi}l aspeds, ghy/dosy hasticeHs canbebf@rtbcnqngu@gtred to produce

RS oo P05 8S o s iy i
one or mﬁfélJH ?E%’e é}lyéh@gcﬁ&r 19{?@?/&9 Irﬁmlﬂ}ke@ glyc@dyﬁihh opheY @6inBination, that

't ke gener al | {5)( Protein
encode ftﬁnmampé@tsxadm{a@gbrasm gelrvitias; £ II rud/Hl mgglgag}c}ase actlvmes GlcNAc
Substantial ly ,
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5 pure glycoproteins of at |east about 90 to 95%
honogeneity are preferred, and 98 to 99% or nore

wo 2¢@maapei ty nost preferred, for pharnmaceuti eair/useemn44297
Once purified, partially or to honpbgeneity as
desired, the proteins can then be used
therapeutically (including extracorporeally) or in

a8, 90 0L BRI PRI AESREUERy. L cumeniy

preferabl@haemhalebls furtherinohidg bnabr ivetehudascleldaiclls enceding UDP-specific
Lef kovits_and Pepi s, .eds., Academ c R NY
diphasph‘@gspgic‘gﬁ@f, @33‘)3?@01&'3 &phosp atagg, 1 aéa,d Lﬁlgf-tiﬂg]%&c trahsporter

activity provi ded are glycoprotein conpositions conprising a
" predoni nant species of N-glycan structure and havin
r edublents@nd phaob delhtutmossyhait beorsed dorsapragsipp of proteins an

- i ti .. 1h I j [ e
ascopr SRR ERS RR B LE Tk R R, PR P einpy amick &
Fry, 1991PHR&E AGRbOficd HybAlbrid D 70i89RrBenvesiitatea.,q.901 jikiest Mol. Biol. 17:

%I ycosylation or an u-1, 2: .15 marnosi dgie %gpﬁbl e z{% 76-8
865-74); Dritinat el 1989 Plapelriob MiolhHindd 3 dapllseakr 5 a g 5 76-8).
Preferabl%ia{/aﬁ%&ﬁste’mgﬁldg Of%gexénzhkp Al h,b bk, NSRRELSabdcMf, Nicotiana rustica,

coproteln ¢onposi tldn conprises a gl ycoprofein
and Solahawvibgroaumr edom nant N-gl ycan structure sel ected from

tGIhi : %ﬁp o@%ﬁ%%%kﬁ%ﬁ% @%}ﬁ%&% El"o"yeaurllssa%ldc gl}l?go%roteins proteins |
and glyco%cﬁ%% %%ﬁc%‘@-ﬁnke@élgi&%@@ 5 Gleh¥eetein for example,

cNAc) 2 Man5GlcNAc2, (&l e eNAc) 2Man53 GNAc

520
 baculovired leGbrehiion/aysaBL(¥ae For svanmbGRITEE enlo NARB G ieNisghnology 8-

and Gal G cNAcMan3GLcNAc2 gl ycof omi s. Pharmaceuti cal
Conposi tions Proteins and gl ycoproteins having

r edug ol ndlkedestlysasyhabicsino calubes Rovirrakaryoes tet] .
i nto pharmaceutical conpositions conprising.the . g
prokaryotgs,yaupmelien Hssae celh cultwre ¢an Urebapwdd? Exlga%'ﬂtgﬂdémd‘%e proteins an:
A ok £bl I'Winnacker, From G
seoprl 1Sl O R RO RSB REAR S8 Wintefrom G
to Clones( VEIH PablisheMadRY, ROBT). SShiitableGonts amjudeFGHOmel! lines, various COS cell

. Pennsyl vani a, 1980). e pref.erred formde .
ines, e 5 B bR i R R PR P ridoms,
ExpressiciPRlctdr fdrdhese EORs SAMRAHS £GREssiAtofirslsetyieicus) uch as an origin of

depending on the formul ation 30 desired

replicationhapreawmer, fe athapcercEvseme 4. 198 mewpel. Revr $L#%68), and

di | tS, i ch ar.e defq i &l es.. coi .
necessars, oPGRG B BB Hseurh SO Eh e S SPRIGL ek 34,
polyadenPlatiBn B3, AeMiratissEipiadriadrmibatr deduencds. iBxpaskien tenira sequences

t ot ffect the biol ogi I Vit f t .
are prom%@%@g%ﬁ%@%ﬂg@mﬂ?@@&@%%&? §JV43,C }&(Iigr{ov mg, ‘I)OVlj;l% Pa\p!\ﬁoma Virus,

651-654)

cytomegalovirus and the like. Generally, a selectable marker, such as a neoR expression cassetie,
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 al.,
Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Press, 1982))
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conbi nati on. Exanples of such diluents are distilled
wat er, physi ol ogi cal phosphat e-buffered sali ne,
WO 27841 S sol utions, dextrose sol ution, and PFaBRIS3009/044297
solution. In addition, the pharmaceutical conposition
or formulation can also include other carriers,
adj uvants, or nontoxic, nontherapeutic,
noni AHuNQgen blel c@?}@téiﬁb%alviﬂgqeduced Q-linked
5Phar nace%t&i%%&aifﬁ%gﬁg%giéﬂ%%ys or parenteral ] .
glycosylatidnimi st patfiedrceordingtte siandard prassdums phihe prtj weludingammonium

e EYEEAER S5y PSR S ch oG5Bl Pl e ke
(See, gen@dIN, NcSh&, R MsteinPaficalibe (SiemaesVeadig, A ¥010821)0nSabstantially

suspensi on of the substance in a, physio ogicall¥
pure glycaprotsnsatfiableaiti abent 0o 1Y abRassaRE atei R and gp 1@ fe or more

can [ iauLd.. t. oL Qi | St - .
nomogeo§of: BRSPSl gSHSRe B ONRREERR 8 16 bomogeny
as desired URsproRA8Tan Hknshealsed shevmpetiicaily dinchulingsixtptorgomgiiitas in

.surfactants, pH buffering substances d. the |i Ktﬁ £Rn (See
developingeand mesiHBing As2y i ﬂe&r-g%m'afﬁa?fe mg iines, g the like. (See,
generaliyg%iﬁi%m{ﬁcﬁg%ﬁél %tgﬁ%’fm.ﬁ b (BERoVIROAR FREniDRIdE OWesdBmic Press,

eget a , or synthetic origin, for exanple,
NY, 197p=einif81pi | , soybean oil, and nineral oil. In general,

e T

predomirfa%fs_pleﬁb@@ﬁl@ IRabGiruétuanmd Havingapdiet@iOnBnledrglresylation compared

adm'nistered in the 15 formof a deBQt I nj etfti on or
to compoitiphaef the elysapratdie Whigh hane Sasn el # hatt salls Jave pehbeen
incub el ki FhdeMed BLIGARE Rl ®-1,2-
incubated FIREbredb B BEHlhlich of MR AR O USRS o bR
mannosidaté &ghblelof simeiibdmiorathat brelndnsese nesiduesran a glycans structure or

suspensions; solid forps suitable for. sol ution 1:in, o va '
both. In RYEHEASBEEL: ie LiERRRISHITEOSHOBOBIPHSE 4 #y B PISH hexive

i —)gt?fcaﬁriﬁﬁaﬁﬁdse RRY @by Borilstfg 68NMaREGIcNAC?,

predommghnﬁ]]ql I ed or enc?&%ﬁl%ﬁd i%bllipposgme% or m'gcrco 2
Man3GldpBadyl, Gl@sAaauais GleNpahy GRINAddan 3 HEN 4Ly, ddleNdexMan3GENAC,

copol ynmer for enhanced ?ﬁlj uvant effect as discus

GalGlcN Abbian5 GRAE Wa g 1cee)a @ns;!iigNAfzaiﬁatCilgb@sc}aﬁaﬂssﬁgNAcz,

NaNAGHRaH MR AR SRR BETRR a2 B 0o (o

r m gﬁ?g bl e bases including inorganic or
GaIGICNg‘F}S%%{;@%é%SE.I a ssaderi ved frominorgani c bases

i ncl ude al um num ammoni um cal cium copper, ferric,
ferrous, |ithium magnesium manganic salts,
YRS '

A

pEINROSIASHot assi um  sodi um zinc, and theée |ike.

orys Pt i S Gdtot Rl Balik rftleth O BrltRfych B A be
incorpordtdtlings ﬁﬁarm&@dtﬂ:igalc&iﬂpoeiéﬁahs comprsies th:ergijl'oaﬂm’e%'a lo$ gn @fﬂ:e
rrnmary,_ seconda a tertl.ar am n subst | e
therapeAarBLAT R T EPNG! RPN EPPOP-BtEU M T U ST PO (5o
RemingtéHs ﬁ%meéﬁ‘al:él%&éﬂce @B5th @30 MRRR IPabliHin SRERBRGE Fagsh NS,

such as arginine, betaine, caffeine, tholine L
Pennsylvhiih) Fasi0he Ty prefdmedeivan deperida en thit istengledimiofie of administration and

2-di et hyl arni noet hanol . 2- .30. di net hyl ar.nj .
erapeus S LGB R0 o R0 I A BE B i R ison
desired, afhibduRbABLddEREble MdicRmidWrigh UE OB ehichi:s¢ defimed as

hydrabam ne, isopropylam ne, |ysine, .nethylglucanjne,
vehicles emmphnlyiused topfopaiiaiepharppersiicei cREPOFHPYSHIOR ?«W@aﬁ gginﬁgan

admmst@pﬁﬁg;rﬁgp%%%& iés,ns%fe!ctetdrk%%g (o rec ik ®idIAdiBTaBvity of the

ripropylam ne, tronet ham ne, and the
like.
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- 15 - WD 2009/ 143041PCT/ US2009/ 044297
The conpounds of the present invention may contain
WO 00814964170r e asymmetric centers and can t hueCEASREE09484297
racemates and racem c m xtures, single enantioners,
di astereoneric m xtures and individual diastereoners.
The present invention is neant to conprehend all such
i SO 0
combinatlgh TRah 1 OF Fs S S5, EOTMRHAE:, pBaliGEBaloHap SRuttered
saline, Ripp&r3seRitiusg dettrose @a]maon,l amd Hidrkls sohiopr Bsatditicdon thembiappaceutical

shal | . haye. t he at are cqnunonl er st ood
——tpe LR I A R
ncnﬂieraﬁéﬂ'ﬂ?,l nﬁlg{ﬂﬁﬁdgeﬁﬁs&&ﬂwe&@@xmheqﬂw ext, singular terms

ude” the plural and pl ural terrrs shal |
i ncl mmwusmmgmpamtm@eﬁwmgﬁ REmiTH st adion eEssterdled

substannaéﬁ C??rg{l]iga Koy Mrpr%ha%&f’ ﬁ'ﬁc c%dmgi @f?/ﬁe@ AL F¥A or similar

body. Gasf&cﬁmbin@ lcagye adiﬁiﬁi%&dr@@ agingbcpibid @osagmaamumlen or aspehsion of the
chem stry and hybridi zati on descri bed herein ar
{q t%{(é:an bea

substance irghyvie sickHp apeeaied! ecineBhih gpbarmaceyral carier
sterile hng% fofl ﬁ? B ﬁ§3 R Ru férc&fol (R eHRLSIS AU dRYRY, tduﬁﬂw?f ﬁihS‘EﬂDCBS

ener a or ne cor di ng to conventi onal neth
such as wWostlg dﬂesﬁmlmfytngt dpentay surfanthngs pHdaifierig sibistancesrand the Izke can be

general . and re specific.referenc t hat
s a8 O ot O ?13?"%‘88%%‘ 8 2 B of
Eﬁéhe th, fSe&anipl, pdmubKiBEpyiRan oil, and
Pﬁmlemg%grﬁ%oﬁéggtﬁg}@ §1§/%31|necu g:@d oni na; gor gt olr y %\’/anu 0I1 -

mineral o2ld Iﬂ@ﬁperﬁoglm‘c@p szilqlpgas P IGene at pylyethylensg lyesd pee preferred

liguid cm%%a B%gp@laﬁ% ’Pl& rsggl%)ofl% gng‘é"'ﬁéﬁ%ﬂgf deﬁlfzﬁ%&red in the

form of 2ARPOCIRLES 6r]aﬁ'ﬁﬁant pRspafitioplvideints itecfoﬂﬁﬂﬁt)ed 11Haxdh<wmanner as to
and Lane, Anti bodies; A Labobgpocéyl\/hnual

permit a Sstaineg relerss ol theaarsive ingrgdiente @@@P?ﬂﬁ@nmﬂ pispared as

inj ectabl% gltheé 39 ﬁ%%u; ss-;l_l%?é? i r 0 ?ﬂpéﬁéio%?'zésiﬁgﬂ g%rhﬁtsh%ﬂl@ Fdr@Blution in, or

suspenszdfbxm Ripuid elriclEn prioetoNhjechdn caﬂnhmber@tpmetBl H@ﬂi@fﬁw&@wm also can be

ndbook of B|
cunilsified G BpérehlaoR 5t BParOTieu 5 m<tSGHE s gull TSP pigipotide o
copolymé}ffopéz%ﬁ&@ Rfufvant SF8LH, 120 alseuﬁwammsee\mngbi ScieR& 249, 1527
Press (1976); Essentials of d ycobi oI oaég Col d Spring

(1990) anddives, Adtvaced Jgn;g Prisery Revgws 287hE1 (P80 ng
it B0t B g » S8t {EHARUR 100 ko RIGRAEAE A3 hdprabibases

including inorganic or ofganic bases. Salts derived from inorganic bases include aluminum,

ammgnonium, calcium, copper, ferric, ferrous, lithium, magnesmm manganic salts, manganous,
potassium, sodium, zinc, and the like. Salts 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—diethyla1ninoethanol, 2~
diﬁnethylmﬁnoethanol, 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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WD 2009/ 143041PC T/ US2009/ 044297 1-8 EXAMPLE 1 Step
A 1-11-2 WD 2009/ 143041PCT/ 1JS2009/ 044297 To a

wo 89/46bAn of 1-1 (5.90 g, 25 mmol) in THE (2G&1Ned2posns4297
was added Nall (2.0 g, 50 nmmole) portionw se. The
resulting mxture was stirred at 0 C for half an
hour. Then NBS (4.86 g, 27,5 mmpl) was added into and

StTE6dedBbouhas B e oot Bferin'rfy §Rblath els&gémfm&fe%fﬁmemw

and |on s concen
centers ajidésein&hﬁs oot edvanasaits ssbiavedici mxires] ang]nctnahntucenbrs,v er

diostereoggen U g KA RS e ER. A7 PSS MECERORS HEE
comprehdrdf A1N\&kh Rdkehit S8 O8Y thSeRBriBounds.

Unless otherwise defined herein, scientiﬁ;: and fechnical terms and phrases used
in connection with the present invention shall have the meanings that are commonly understood
by those of ordinary skill in the art. Further, unless otherwise required by context, singular terms
shall include the plural and plural terms shall include the singular. Geperally, nomenclatures
used in connection with, and techniques of biochemistry, enzymology, molecular and cellular
biology, microbiology, genetics and protein and nucleic acid chemistry and hybridization
described herein are those well known and commenly used in the art. The methods and
techmques of the present invention are generally performed according to conventional methods
well known in the art and as described in various general and more spemﬁc references that are
cited and discussed throughout the present specification unless otherwise indicated. See, for
example, Sambrook et al. Molecular Cloning: A Laboratory Manual, 2d ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989); Ausubel ef of., Current Protocols in
Molecular Biology, Greene Publishing Associates (1992, and Supplements to 2002); Harlow and
Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. (1990); Taylor and Drickamer, Introduction to Glycobiology, Oxford Univ. Press
(2003); Worthington Enzyme Manual, Worthington Biochemical Corp., Freehold, NJ; Handbook
of Biochemistry: Section A Proteins, Vol I, CRC Press (1976); Handbook of Biochemistry:
Section A Proteins, Vol I, CRC Press (1976); Essentials of Glycobiology, Cold Spring Harbor
Laboratory Press (1999).

The following examples provide methods for preparing various Pmt inhibitors of

the mvention.

EXAMPLE 1
O/
HOOC o o o/
N A SN



10 To a solution of 1-2 (1.8 g, 6 mnol) and 1-3 (1.3
g, 5mol) in dried DMV (5 nL) was added NaH (2.4g g,
wo 20601380h) and then stirred at room tenper at uP€T/TS2009/044297

overnight. The resulting m xture was partitioned

bet ween wat er and Et OA. The conbi ned organic |ayer

were washed with brine, dried over sodiumsul fate and
concentrated. The residue was purified by prep-TLC to
give 1-4 15 (800 ng, yield 40 % . 'H N111R (400 MHz,

CDClS)S 9.66 (s, 1H), 7.74-%'[1 2|—I),O -7.46
o &m 113), 73727%3 m 5H), ﬁi 1H),
7 HZO/S%L@—} 11°(nf 611)
009/ 143041PCT/ 09/ 04429%=HF g suspénsi
380 ng, 10 mmol n THF (50 nth) was
140, 2.6 mol) at 0,C and the resulting m
stirred at roomtenperature for 30 mn. The m xture
was carefully treated by diluted ag. HO and then

rtitioned between water and Et 0Ac. The organi
yer was washed by br| dri ed over sodiums e
s~ and concent Fipett. Theyy '~ due was pusioki e
HO rep TLC to.give 1- , 20 %St—ep»-D
cat TsOH
HO \/Efj/ Q%/[ij/aw/\[::t

17

5
HOOG -4
' ~ A5
HC Nak/ el o 110 O
e 0

0 ——
e HO o / 0 NH,OAG
’ Os teduene refiux
o F
1.8

1-9

EXAMPLE 1

Step A

-17-
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10 To a solution of 1-5 (300 ng, 0.54 mmol) in
2, 2-di met hoxyl propane (1 nL) was added catal ytic

WO 280%BMHk1 TSOH. H20 (- 10 ng) and then the resul PCHFS2009/044297
m xture was stirred for one hour at roomtenperature.
The m xture was purified directly by prep-TLC to give

1-4(100 ny, yield 28 Ye) 11-1- NWR (400 Mz, MeOD) 5
't d 50 mmo
Toasolutgﬁg%f %ﬁg%é)?ﬁizkw o 80 mlﬂﬂﬂagacih@ NQIZIS@EO; , 50 mmole)

portionwide. ZBhe( wpulfihg miBu® Wasrstm@i ﬁ; 0 @ Ean hop,) Thqu@Séﬁ,?ﬁﬁ g, 275

oy o i VA B i

was concﬁﬁﬁ%@d b RiRNEreBand, vihciates ﬂf@ﬁ)lvaBml(IH(Dlg and dtiett evend&,SOs. The
heated to reflux for about Ins., After .coolin

solvent wapenapbrtlde giverke? (3 Eseylﬁﬁd)ﬁ?’u*ﬁ’k Wiich Va3 ‘t‘séfj% gﬂ)]gnﬂmut

furth tration was concentrated and the residue was

erpu&ﬁ: 8d by prep-TLC to give 1-7(60 ng, yield 60 %.

114- NI\/R (400 MHz, MeOD) ppm 9.5 (s, 111), 7.52 (d,
J=7.2 Hz, 1H), 748 (d, J=2.8 Hz, 2H),7.30 (n, 3H),

StepB 7.25 (m 611), 7.0 WO 2009/ 143041PCT/ US2009/ 044297
(t, )=8.6 Hz, 213),19.89 (n, J=8.6 211), 6.76 (d,

J=8 Hz, 111 4.2 , 1.48 (t,
611)OBr0 ) \(@Lw@ ﬁ(ﬂn ) (

Ao U

NaM, DMF k \/\©\

To a solution of 1-2 (1.8 g, 6 mmol) and 1-3 (1.3 g, 5 mmol) in dried DMF (5 mL) was added
NaH (2.4g g, 10 mmol) and then stirred at room temperature overnight. The resulting mixture
was partitioned between water and E1OA. The combined organic layer were washed with brine,
dried over sodium sulfate and concentrated, The residue was purified by prep-TLC to give 1-4
{800 mg, yield 40 %). 'H-NMR (400 MHz, CDC13) § 9.66 (s, 1H), 7.74~7.71 (m, 2H),
7.46~7.46 (m, 1H), 7.37~7.33 (m, 5H), 7.20 (d, J=2.02 Hz, 1H), 6.97~6.92 {m, 3H), 4.28-4.19
(m, 6H), 3.16 (t, J=6.6 Hz, 2H), 1.11 (i, 6H).

Step €

- 18-
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Step F To a solution of 1-7 (80 ng, 0.17 mmol) in THF
was added 6 N HC1 and the resulting m xture was
wo ®bd{ed at roomtenperature for 2 hours. ThecIniszento44297
was renoved in vacuo to afford the crude 1-8 (60 ng,
82% yi el d), which was subjected to next step w thout
further purification Step G 1 81-9 To a solution of
To a suspflof 60 45 (18 142 U FRAD LITHKS0 BTYh AB6AEHA DA ol o
0°Cand ﬁiel remme mrmrrbé mpreom tempefaprre &rGdimiz0 Thiemmizhde was

crtuty 15 50 A B BB S LA A oo o

layer wasmé‘shgél !SffrBﬁﬁe WRed bb&"”sc&ﬁh{ bliEeo el QRtyrerdiAGeasddus was purified
he conbi ned organic |ayers were washed with

by prep~'Hr('ﬁ toegW@Iil'rSe@ﬁ@)m 26 &dyig)sul fate, and concentr at ed.
The residue was purified by prep-TLC to give 1-9 (40
ng, yield 63.0 %9. 'H NVR (400MHz, MeOD) 6 ppm 9.6

StepD (s,1H),7.52 20 (d, J=8.08 Hz, 213), 7.43 (n, 113),
7.36-'7.30 (m 511), 7.16 (d, J=2.02 Hz, 111), 7.0
(t, J=8.6 Hz, 2H), 6.89 (in, J=8.6 Hz, 211), 4.23 (t,
J=6. 56 2H), 3.95-3.85 (m 411), 3.30 (s, 613),

3.13 (dd, M1-. 6 26 Hz, 12 = 6.26 2H . WO
202%/ 4363/PCTI US2009/ o;b%w\ St eg _9EXAMNPLE 1
\/@( cat. “eat. ToOH C\’bo
\v/\T::j\ \/”\I:i]\E
16

To a solution of 1-5 (300 mg, 0.54 mmol) in 2,2-dimethoxylpropane (1 mL) was added catalytic
amount TsOH.H,O (~10 mg) and then the resulting mixture was stirred for one hour at room _
temperature. The mixture was purified directly by prep-TLC to give 1-6 (100 mg, yield 28 %).
TH-NMR (400 MHz, MeOD) § ppm 7.52 (4, /=8.05 Hz, 2H), 7.40~7.15 (m, SH)}, 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 (t, 61).

Step E

753 ' MnOz 7(

1-7

To a sclution of 1-6 (100 mg, 0.22mmol) in dried DCM (25 mL) was added MnO, (174 mg, 2

mmo}) 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 ﬁifratian was concentrated and the
residue was purified by prep-TLC to give 1-7 (60 mg, yield 60 %). YH-NMR (400 MHz, MeOD)
8 ppm 9.5 (s, 1H), 7.52 (d, /=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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A mxture 01 1-9 (40 nmg, 0.09 mmol ), 1-10 (19 ny,
0.09 nnol) and NH40Ae (70 nmg, 0.9 5 nmol) in tol uene

wo 208P145641L) Was heat ed under nitrogen to refl pET/US2009/044297
about 3 hrs. After cooling to roomtenperature, the
resulting mxture was treated by diluted aq. HC
until and then partitioned between 1120 and Et OAc.

8.6 1 gngd 708 af) ( DHIYEO (m, 2H), 1.48
(8.6 B S LA A R B et B Dm0 28D
(t, 6H). purified by prep-HPLC to give EXAMPLE 1 (30 ng, yield
50 %9 as a yellow solid. 111-NWMR (400WVHz, MeOD) 5 ppm
7.46-7.53 (m 3H), 107.31-7.40 (m 511), 7.15-7.18
Stepp (M 111), 6.92-7.06 (in, 41-1), 4.71 (s, 2H
4.25-4.30 (m 2El1), 3.85-3.94 (m 4H), 3.26-3.29 (in,

5 61-1), 3.10-3.13 (dd, J= 6.26 Hz, J= 6.26 Hz, 2H). M5
in/z 612(Mt1)+ . EXAMPLE 2 15 HOOC
2009114gggyCT/uszoog/044297 EXA Step A

F HCl HO
A =
© ) THF H‘J\/@/o
UL L T
1-7 1-8

To a solution of 1-7 (80 mg, 0.17 mmol) in THF was added 6 N HCI and the resulting mixture
was stirred at room temperature for 2 hours. The solvent was removed in vacuo to afford the
crude 1-8 (60 mg, 82% yield), which was subjected to next step without further purification.

19
Step G

HO ~
NaH/Mel ©
Q SINE & 0
O E Ox ¢
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
15  and the resulting mixture was stirred at the same temperature for about 30 min and then CH3l

(0.2 mL) was added into. The mixture was stirred at the same temperature for another one hour.

The mixture was then partitioned between HoQ 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, yield 63.0 %). 'H-NMR (400MHz, MeOD) 8 ppm 9.6 (3,1H),7.52

20 {d,J=8.08 Hz, 2H), 7.43 (m, 1H), 7.36~7.30 (m, S5H), 7.16 (d, /<2.02 Hz, 1H}, 7.0 (t, /8.6 Hz,

2H), 6.89 (m, /8.6 Hz, ZH), 4.23 (%, 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).

- 20 -



To a solution of conpound 2-1 (150 ng, 0.58 mml, 1.0
eq), conpound 2-2 (214 ng, 0.87 mmol, 1.5 eq) in DWW
wo 20dh43b was added Cs2008(161 ny, 0.49 mmol, PECTATE2609)044297

The m xture was then stirred at roomtenperature
overni ght and then heated to 80 C for 1.5 hrs. The
resulting mxture was then partitioned between H20

Step H and Et OAc. The conbi ned organic | ayers 10 were washed
with brine and dried over Na2SO4 concentrated and
hfied by prep- ILC tofgive 2-3 (122 ny eld 49.4

EXAMPLE 2 A %% rNé'( f compound 2-3 7

|, 1.0 eq), 214,,05#\@, 0. 30 rrrnol 1.0%\ed) and

0" "NIA 1 0Ac (223 ny, 2&[1110],10%{; {15
O—="mL wgs heat ed undemHgbda ogen ?3°renl 50 3
/ ,
es g MiiHE Raw@s treat eg ci
O H:4 5, then partitioned bETV mp

Et0Ac. The conbifed organic layers were washed with

brine1and dried over Na2SO4, concentr at ?%QQIE%E

purified by prep-TLC to gi ve EXAMPLE 2 ;yield
29.9 %9 . 1H NWR (400 MHz, MeOD) 8 7.41-7.47 (m 311),
7.19-7.35 (in, 10H), 6.99-7.07 (m 311) 6.87-6.92

A mixtuzé bH1-923)mg, 6.E2mpw]), 1-90)(19 tgr 8.00snmol ppd NH QA A(79 gog, 0.9

5 mmol) ingoihipt @O s DTSt ATRES 550 RS a087 il gt o

room tempefRuré) the resulting mixture was treated by diluted aq. HCI until pH=4~5 and then
partitioned between Hz0 and EtOAc. The combined organic layers were washed by brine, dried
over Na;SQ4 and concentrated. The residue was purified by prep-HPLC to give EXAMPLE 1
(30 mg, vield 50 %) as a yellow solid. TH.NMR (400MHz, MeOD) 8 ppm 7.46~7.53 (m, 3H),
16 7.31~7.40 (m, 5H), 7.15~7.18 (m, 1H), 6.92~7.06 (m, 4H), 4.71 (s, 2H), 4.25~4.30 (m, 2},
3.85~3.94 (i, 4H), 3.26~3.29 (m, 6H), 3.10~3.13 {(dd, J= 6.26 Hz, J = 6.26 Hz, 2H). MSm/z

612(M+1)" .

EXAMPLE 2

HOOC

5
/\N/lL

15

-21 -
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3-13-2 5 To a solution of 3-1 (1 g, 6.37 nmmol) in dry
THF (20 nL) was added BuLi (3 ni, 7.68 mol) dropw se
wo ®bo/4s8%¢ and then the mxture was stirred forc3UsI009/044297
at roomtenperature After cooling to -70C again, a
sol ution of cycl ohexanecarbal dehyde (0.72 g, 6.43
mmol) in dry THF (5 nL) was added dropw se. After
stirring for 30 mn, satu ed aqueous NH4Cl was F
added into the mxture a he resulting m xturegwas '

extracted wi t B Et 0Ac/—The/ or gani es wer e 104
onCOnbi ned a@g[@j 2SM4, g{géﬁﬁh}at‘@%tS’
3. 2 1. 529, % as a<crude ol \ d
IPC'I'TUS?OT@*Q @ Step Ruonc § 23-3 To th
mxtur Ofr 3-2 (600 ng, 3.1 napnd) wuekedliy DCM 15 i p o
was added SOC12 (2 nlL) 5 drgpwl s at 0 C. Then t hs
reddlting mixture was stirred ¥of 2 h at room
tenperature. The mi xture was concentrated under
reduced pressure and then diluted with Et0Ac. Th&yasmpies
organi c | ayer was washed with saturated aqueous
NaHCO3, brine, dried over Na2SO4, and then

Step A concentrat ed to give 3-3 (500 ng, crude).

B \ﬂ@ e
=
To a solution of compound 2-1 (150 mg, 0.58 mmel, 1.0 eq), compound 2-2 (214 mg, 0.87
mmol, 1.5 eq) in DMF (10 mL}) was added Cs;CO;3 (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 F,O and EtOAc. The combined organic layers

were washed with brine and dried over Na,SO,, concentrated and purified by prep-TLC to give
2-3 (122 mg, yield 49.4 %).

-2 -



10 Step C 3-5 To a solution of 3-3 (450 ny, crude)
and 3-4 (375 ng, 1.44 mmol) in DVF (10 nL) was added
WO 20694G65%1(399 ng, 1.22 mmol) in one portion ardTiis009/044297

the m xture was heated to 110 C for 18 h. 15 The

m xture was diluted with H20 and extracted wth

Et OAc. The organic |ayers were conbi ned and dried

Step B over Na2SO4, concentrated. The residue was purified

by TLC to afford 3-5 (130 ng) as oil, which was used
for next /step directly. WO F
2009/ 14 PCTI U820091044297 Step Dg EXAMPLE 3 a

m ) pf—3-5 (130 >3 mmol ) anfl 3-6 (60 ny!
0.4 a fol) in tof"ﬁgﬁe Midos@SNS “sdded NHA0A
(180 ny, 2. 34 mmol )24 p70ore portionja er\ t h

&

m'xtu as heated.to refhux for &5 It
rFi" u nasy cool ed NeQ/gom tenperature daqueous

extract ed w DAc. The o'rganl c | ays
conbi ned an gd over Na2SO4, concentrateg 1% give
yell ow oil. The rgsidue was purified by preg Cto

afford EXAMPLE 3 (150 ng, yield 82,4%. 11-1-NWR
(300 MHz, MeOD)8 7.60 (s, 11- 1)- 7. 19&@.@510(m
11E1), 6.88 (s, 111), 6.81 (s, 1H), (O {
A mixturd of&orsqund 213 (1%:25,8@%@11(%&5@% 23 (ﬁ@n(x B;Ommo 1.05 eq) and

NILOAc (223 mg, 2.90 mmol, 10.0 eq) in toluene (15 mL) was heated under nitrogen to reflux
for about 3 h. The resulting mixture was treated by 10 % HCl acid to pH=4-5, and then
partitioned between O and EtOAc. The combined organic layers were washed with brine and
dried over NaySQ4, concentrated and purified by prep-TLC fo give EXAMPLE 2 (52 mg, yield

29.9 %). H-NMR (400 MHz, MeOD) 3 7.41-7.47 (m, 3H), 7.19-7.35 (m, 10H), 6.99-7.07 (10,
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

Hooc” N7 s

-3 .



1G

1.60-1.98 (m 511), 1.00-1.46 (in, 6H). NS rn/z: 607
(MF1)+. WD 2009/ 143041PCT/ US2009/ 044297 EXANVPLE 4

wo 200PR3fr OH 4-14-2 Sodium (8.5 ng, 0.37 ol PCFAS2009/044297
di ssol ved at 40C in 2-nmethyl -propan-1-ol (1.3 g, 17.5
mmol ) 10 and conpound 4-4 (2 g, 16 7 nunol) were
subsequently added dropwi se at 50C over 30 m n. Then

the reaction m xture was heated to 70C and stirred
verni ght. The resulting m xturegyas partitioned
b% ween H20 and Et OAc. The orgaﬁo@y@v\as ]
ar h bringy drlseo%lzover Cl OHC o - 0
©/ HO)\@M@@ 3 OHC'Q’O
Buli Cs,C03, DMF

31 32 _ 33

35 F

Hooc’\N-Ji
J\_,S Hooe S
36 O \
¢ d
NH,OAC
olisene refiux %

EXAMPLE 3

Step A

H

O
Br 6 o
O =
Buli

31 3-2
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 eyclohexanecarbaldehyde (0.72 g, 6.43 mmol) in dry THF
(5 mL) was added dropwise. Afier stirring for 30 min, saturated aqueous NH,Cl was added into
the mixture and the resulting mixture was extracted with EtOAc. The organic layers were
combined and dried over Na,SOy, concentrated to give 3-2 (1.52 g, 14.3 %) as a crude oil.

- 24 -



WO 2009/ 143041PCT/ US2009/ 044297 sodi um sul fate and'
concentrated to give 4-2 (1.0 g, crude), which is
Wozg;s%q;-“f@r the next step directly. Step B S OplCT@SEN09/044297

Step B
oH 80CI, i
32 3-3

To the mixture of 3-2 (600 mg, 3.1 mmof) in dry DCM. (15 mL) was added SOCI; (2 mL)
dropwise at 0 °C. Then the resulting mixture was stitred for 2 h at room temperature. The
 mixture was concentrated under reduced pressure and then diluted with EtOAc. The organic
layer was washed with saturated aqueous NaHCOs, brine, dried over N, SO, and then
concentrated to give 3-3 (500 mg, crude}.

Step C

OH . '
o
Ci
OHC F 0

3.4 _
] oS ' > OHC 0
L 082003, DMF

35 F

To a solution of 3-3 (450 mg, crude) and 3-4 (375 mg, 1.44 mmol) in DMF (10 ml.) was added
Cs,C0;5 (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,0 and extracted with EtOAc. The organic layers were combined
and dried over Na,SQs, concentrated. The residue was purified by TLC to afford 3-5 (130 mg)

as oil, which was used for next step directly.

.25



10

OH 4-2 44 To a solution of 4-2(1.0 g, crude), 4-3
(400 ng, 1.64 mmol, 1.0 eq) and PPh3 (516 ng, 1.96

WO j()w)pdggﬂl 2 eq) in THF (20 nL) was added DI ARCHAGBR00M44297

Step D

mmol, 1.2 eq) dropwise at 0 C. The resulting
mxture was stirred at room tenperature overni ght and
then partitioned between 10 1320 and Et OAc. The
organi c | ayer was washed by brine, dried over Na2SO4,
concentrated and purified by prep-HPLC to give 4 (90
nmy, yield 12.0 %. 'H NVER (400 MHz, MeOD) 8 9.72 (s,
110,7.28-7.40 (m 9H), 6.98-7.05 (t, 8.78Hz, 211),
6.89-6. ¢ d, J = 8.28Hz, 1H), 5.42-5.46 (m 111),
4.22-4. ‘m 2H), 3.86-3.92 (m 1H),$3.68-3.74 (y

$4-3.34 (in HRELPN-B. 12-3. 18 213) ,
11 30 (rn, (1I1 1), ,,gélf '8%?%}8%5 15 )St ep

4|sthe sarre a%that for 4
@ o 400 MHz, ~98- 7. 05
o 1H), 40 (in, 1H), 2H),
V\o 2009/ 14304 1U§§60@‘F?5*2E4297 4.21-4
2H) 93. 83-3. 8 111), 3.69-3.72 (m 3-3. 35

(m 2H), 3.09%=43 (t, J= 6.57 Hz, 21-1), ,1.-."87
(m 1D), 3F 86-0. 8(m 6H) . 5EXAI\/PI__ES -

EXAMPLE 3

Toa mixtuie of 3-5 (130 mg, 0.3 mmol} aﬁd 3-6 (60 mg, 0.31 mmol) in toluene (15 mL) was
added NH4OAc (180 mg, 2.34 mmol) in one portion and then the mixture was heated to reflux
for 3.5 h. Then the mixture was cooled to room temperature and aqueous 10% HCI was added to
pH=5. The mixture was extracted with EtOAc. The organic layers were combined and dried
over Na;SO4, concentrated to give yellow oil. The residue was purified by prep-TLC to afford

EXAMPLE 3 (150 mg, vield 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, SE), 1.00~1.46 (m, 6H). MS m/z: 607 (M+1)",

-76 -



10

Thi s exanpl e shows that Pichia pastoris transforned
W th an expression vector encodi ng the heavy chain

wo Joii8143¢43d | i ght chain (Le) of the human anti -BdaviEs2009/044297

41

Hooe” ~HOtd ows:o

Step A

S
unlfk@F\[t’h ntrol of ahe™MA0X]L, profot er 0 45 0P~
O aver{ iﬁr\o% o

anti body and treated with the novel Pint inhibitors -
descri bed herein produced a gl ycoprotein having
reduced 0- glycosylation. 10Expression/integration
plasm d vector pGLY298§ B QS expression cassettes
under control of the nethanol -inducible Pichia
pastoris AOXI pronoter that enco ;
light (Lc) chains of ti-Her?2. ~-Her2 He and Lc
fused at the N—ternigﬁg to a- MAT /pre sygnal peptide
(SEQ I D Nos: Howal 2)¥ wese synthesi zed By GeneArt AG
Each was synt hesi zeg w rad oR1l and 3' Fse
sites. The nucl eot ide aR jo-@ci d sequences of 15
the anti-Her2 He are sho
respectively. The nucl eotide and ani;

ci d sequences

of the anti-Her2 Lc are shown in SEQ Nos: 5 and 6,
respectively. Both nucleic acid fragimer{s encodi ng
the Ho and Lc proteins fused to the a- pre signha

pepti de were separately subcl oned using 5 EcoRl and
3" Fsel unique sites into an expression plasmd

vector pGLY2198, which contains the Pichia pgstoris
TRP2 targeting nucleic a % and the Zeocin- ii» N
resi stance marker and g e Xpr essi onpcasset t 8% w4

plasm d vectggs pGIY2987 and pOLY2338, respectively.
The Lc expression cassette was then renoved fr
pl asnm d vect or*Hp@E.Y2338 by di gesting with Bamil- and
Nod and subcloned into plasinid vector pGLYZ987 F
di gested with Banl-11 and Not 1, . thus generating the
final expri on plasm d vector pOLY2988. 25Anti-Her2
expressi om=strai n yG.Y4280 was constructed as
Hi ve pA<crograns of pGELY2988 digested with
trjpefior zyme Spel which cuts in the TRP2
Star g% egi on were used to transformstrain
yGELY22-1. Stnain y@LY22-1 (ochl A :lacZz
bnt 26, :: 1 acZ N2-2 mmrat A :lacZl MSLC35A3 pno |
Amn4A: : | acZ 6A::lacZ), was constructed using
nmet hods described earlier (Nett and CGerngross, Yeast
20: P*meLE42003); Choi et 30 at, PNAS USA 100: 5022
(2003); Ham lton et at, Science 301:1244 (2003)).
Transformati on of y@.Y22-1 performed essentially as
follows: YGEY22-1 was grown in 50 nL YPD nedi a (yeast
extract (1%, peptone (2%, dextrose (2% ) overnight
to an OD of between about 0.2 to 6. After incubation

on ice for 30 ninutesﬁaggﬁfé #ere pelleted by WO
20091143041@5@9/ 044297 @a rifugation at
2500- 3000 r or i nutes. Medi a maéT?ET%Ced and t he
cells washed three tines with ice®@lold sterile 1M

sorbitol befor 1resuspension in 0.5 ice cold
sterile 1M sorbitol. Ten [IL of l'i n&4rized DNA (10

foluene reflux

Sodium (gl@e ngg,nes!?,iﬁﬁnéﬂ bat 8lsbolsas REMSCOR ZA&E&&PP?;)E@Q -4171.31, 17.5 mmol)

roporation Guyette and i ncubated i 5 mnutes

and commmnmildel (X467 mpan ptveersubeesuentleadded drgavise at S0 °C over 30 min.
Then the reaction mixture was heated to 70 °C and stirred overnight. The resulting mixture was

pattitioned between H,0O and EtOAc. The organic layer was washed with brine, dried over

7.



5CenePul ser Xcell follow ng the preset Pichia
pastoris protocol (2 kV, 25 p.F, 200 Q, immediately
wo Jo®d/1490@d by the addition of 1 nL YPDS recoveCyH/ reind4297
(YPD nedia plus 1 Msorbitol). The transforned cells
were allowed to recover for four hours to overnight
at roomtenperature (26C) before plating the cells on
sodium shifSe 564 SGHcbMErIPR @ve E (10 REEE MafiEH R o8l dext siep
contai ning zeocin, transfornmants were screened by
directly. smal | scal e expression analysis to detect anti- 10
Her 2 expression, Strain yA.Y4280 was sel ected based
on high level anti-Her2 expression.
StepB Anti-Her2 protein expression for strain yGY4280 was
carried out in shake flasks at 24C wth buffered
5 gl ycerol - conpl ex nmedi um (BM&GY) consisting of 1% yeast
extract, 2% peptone, 100 nM pot assi um phosphg
buffer6.0, 1.34% yeasiHnitrogen base, 4 x 10
biotin, and 1% glyc G duction medi upttor
prolei N expressiQn buf f nmet hanol - conpl ex

( BMWY) coﬁ@?stlng of 1% hret hanol/=xst ead, of
, ol<

gl et B/B%EW oI tTor Q0%
were adied to {the growth nediumto a final
concentratlon of 015 ug/nL at the time the indu
medi um wag added. This is an internedi ate dose
is sufficient to reduce 0-glycosylation to roughly
50% of that observed w thout Pm |nh|b|tor4%#eatnent

o soeb il B e 4 SBR e h hBE IEY s by ms 196

G4dADIS (406 B! 198 BEmoler Beq) dr at 0 °C.
tamol, igggx%Sted ch%%rlfuged a¥ 2, 000 rpn1f%r ff%g opwise

The resultiing niissire wag simwielt caith @mpmdweguﬁé rand theemt partitioned between

0 10 aa A T bR BRY 8 BEHRL T IR, B0, cocemcd

purified @r;ﬁhﬁﬂmd it (ﬁdﬂh@t Yield 1200 94)e FH-NWIR QU0iNIHROMEODYS 9.72 (s,
row h nedlun1u3|q? in A chronato r aphy %%
1), 72867 41 RED. 6.5 608 o1 & 780 7126 896 PAGoE PP NP, AHE 5.42-5.46

gl rghe r
i 0, A, B, R TSP P Fim5 251
(m, 2H), M83s] . Bpget THnesdyo fwi, 685. 18: 349- 451 (1999)). This
process al so reduces the newly forned reduci ng
15 term nus of the released 0-glycan (either
Step C ol i gomannose or mannose) to mannitol. The mannit ol
group thus serves as a uni que indicator of each O-
glycan. 0.5 nniole or nore of protein, contained
within a volume of 100 p.L PBS buffer, was requj
for beta i nation. The sanple 30 wags treate
25 pi, aI‘ ne borohydrigle reagent d i ncubat
50C for our s. HABEPOGZ0 UT,ueaEa@bNT Ok inte
% as added f olil o%ed by 10 ! j
r

st andar, 9=25¢

aCIi q wdg ?hen centri fuged Q §

'Nﬂ? "y é>f|| both SEPALEADS-¢
50W X8 reS|n an was é MAth wat er. The sanples

i ncl udi ng wer®Uef 5% erred to plastic - 30 -
/ US2009/ 044297

4-4 EXAMPLE 4

The preparation of EXAMPLE 4 is the same as that for EXAMPLE 3. "H-NMR (400 MHz, MeOD) §
20 749 (s, 1H), 7.24-7.40 (m, TH), 6.98-7.05 (m, 4H), 6.90-6.91 (m, 1H), 5.37-5.40 (m, 1H), 4.75 (s, 2H),

-28-



10

15

20

25

30

aut osanpl er vials and evaporateclto dryness in a
centrifugal evaporator. 150 gL 1% AcOH MeOH was added
wo @8R sanpl es and the sanpl es evaporated t @CUERES44297

In a centrifugal evaporator. This |ast step was
repeated five nore tines. 200 !'lL of water was added
and 100 !'IL of the sanple was anal yzed by hi gh pH

4.21-4.32 @{‘ 'gg?,%gs’éﬁs%‘@gllﬁg%%ﬂ%e@ﬁ){ 3G9M4pseH %!’_UI B.opul13€CJ5 6.57 He,

em C éf'ecti'on- Di onex HPLC ( FI PAEC- PAD) .-
2H), 1.79-R8e(mdeN.0-360.8&mmo8scupancy was det ermi ned based upon
the anount of marmtol recovered. - The

results are sunmmari zed in Table 1, which shows that
the four novel Pmt inhibitors, Exanples 1 to 4,

reduce 0-glycosylatio ' s lower that that
observed w th Pnt inhin%mmi -3 as described in o
% c gggsge i 1% Sl%vp@gagm;a& Pebrishensfoanedwith 68 @@ppssion vector
] : -1 an at ent bl.i cati ons, by t
encoding dhileay s chamEIO A ERP-1Ea G4 oF 1 By BORRIRGY Ay 2R treated
1 al 1 1 . .. . . ™~
it o it B SRR RO e

glycosylafion. | nhi bitor (0.15 ug/nL) O-glycan occupancy (noles

0- mar nose I i<
Express{o inJ%?gréec\lb %‘1 pTE%?l%d ;ec]tgf ;QGIE)%%SS contains expression casseties

under control of the methanol-inducible Pichia pastoris AOX1 promoter that encode the heavy
(Hic) and light (Lc) chains of anti-Her2. Anti-Her2 He and Le fused at the N-terminus to o-MAT
pre signal peptide (SEQ ID Nos:1 and 2) were synthesized by GeneArt AG. Each was
synthesized with unique 5* EcoR1 and 3' Fiel sites. The nucleotide and amino acid sequences of
the anti-Her2 He are shown in SEQ ID Nos:3 and 4, respectively. The nucleotide and amino acid
sequences of the anti-Her2 Lc are shown in SEQ ID Nos:5 and 6, respectively. Both nucleic acid
fragments encoding the He and L proteins fused to the o-MAT pre signal peptide were
separately subcloned using 5" EcoR1 and 3' Fisel unique 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
pGLY?2338, respectively. The Lc expression cassette was then removed from plasmid vector
pGLY2338 by digesting with BamHI and No# and subcloned into plasmid vector pGLY2987
digested with BamH1 and Notl1, thus generating the final expression plasmid vector pGLY2988.

Anti-Her2 expression strain yGLY4280 was constructed as follows: Five
micrograms of pGLY2988 digested with restriction enzyme Spel which cuts in the TRPZ
targeting region were used to transform strain yGLY22-1. Strain yGL.Y22-1 (ochlA::lacZ
bmt2 A lacZ/KIMNN2-2 | mandLIA:lacZl MmSLC3543 prol AmnndAclacZ metl6A::lacZ), was
constructed using methods described earlier (Nett and Gerngross, Yeast 20:1279 (2003); Choi ef
al, PNAS USA 100:5022 (2003); Hamilton ef af., Science 301:1244 (2003)).

Transformation of yGLY?22-1 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 incubatibn on ice for 30 minutes, cells were pelleted by
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8.1 Exanple 1 4.1 Exanple 2 4.3 Exanple 3 5.5
Exanple 4 5.2 Visual proof that the novel Pmt
wo Dofsbiggors effectively reduce 0-gl ycosyl ati euTafSs2009/044297

centrifugation at 2500-3800 rpm for Sminutes. Media was removed and the cells washed three
times with ice cold sterile 1M sorbitol before resuspension in 0.5 ml ice cold sterile IM sorbitol.
Ten pL of linearized DNA (10 ug) and 100 pL cell suspension was combined in an
electroporation cuvette and incubated for 5 minutes on ice. Electroporation was in a Bio-Rad
GenePulser Xcell following the preset Pichia pastoris protocol (2 KV, 25 pF, 200 Q),
immediately followed by the addition of 1 mL YPDS recovery media (YPD media plus 1 M
sorbitol). The transformed cells were allowed to recover for four hours to overnight at room
temperature (26°C) before plating the cells on the selective media. Following selection on media
containing zeocin, transformants were screened by small scale expression analysis to detect anti-
Her2 expression. Strain yGL Y4280 was selected based on high level anti-Her2 eXpression.
Anti-Her? protein expression for strain yGLY4280 was carried out in shake flasks

at 24°C with buffered glycerol-complex medium (BMGY) consisting of 1% yeast extract, 2%

peptone, 100 mM potassium phosphate buffer pH 6.0, 1.34% yeast nitrogen base, 4 x 10-5 %
biotin, and 1% glycerol. The induction medium for protein expression was buffered methanol-
complex medium (BMMY) consisting of 1% methanol instead of glycerol in BMGY. Pmt
inhibitors in 100% methanol were added to the growth medium to a final concentration of 0.15
ug/mi at the time the induction medium was added. This is an intermediate dose that is

- sufficient to reduce O-glycosylation to roughly 50% of that observed without Pmt inhibitor

treatment, and thus allows a comparison of potency for the different inhibitors. Following 24 hr
further growth in the induction media, cultureé were harvested and centrifuged at 2,000 rpm for
five minutes to remove cells from the superatant.

| O-glycan determination was performed using a Dionex-HPLC (HPAEC-PAD) as
follows. To measure O-ghycosylation reduction, protein was purified from the growth medium
using protein A chromatography (L1 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,
contained within a volume of 100 pL PBS buffer, was required for beta elimination. The sample
was treated with 25 uL alkaline borohydride reagent and incubated at 50°C for 16 hours. About
20 ul, arabitol internal standard was added, followed by 10 uL 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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according to Laenrnli, 1J. K (1970) Nature 227,
680-685 and then electroblotted onto nitrocellulose
menbr anes (Schl ei cher & Schuel |, now What man, Inc.,

FI or ham Par k, Anti-Her2 anti body chains were
detegted on the Vstern blots using a
Ni-OX | ept ed anti-human He and Lc anti body
Bi osci ences, La Jolla, CA) and
e | nmunoPure Metal Enhanced DAB
€ Bj ot echnol ogy, Rockford, IL).
A ts of one such analysis in
whi ch the novel Pnt r1hibitor from Exanple 4 (EX 4,
panel A) was tested against Prnti-3 from Orchard et
all (panel B) and also an inactive conpound as a
control (panel C. As shown in panels A and B,
Table 1. Exanpl e 4 and Pnti-3 effectively reduced
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one >14.0

Pmti-3 8.1

Example 1 4.1

Example 2 43

Example 3 5.5

Example 4 5.2

Visunal 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 (He). Strain
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results indicate that the novel Pnt inhibitors shown
in Exanples 1 to 4 are effective inhibitors of fungal
0-gl ycosyl ation. Wile the present invention is
4 ] yaRatRdCA!
LY A e O b O e L Mot hy i contaiing
0.5m! of BME¥ tnheia pes wedlt Aﬁwn%énbutsegrewdl with oigersusshalgng, the 96-well plate
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following™I A HESsth i il thmctm&ﬁa tﬁ@bﬁﬁfreszﬁﬁ@fde&ﬁ{@z nﬁﬂ:l BMMY

present 1 nvention is limted onI t he
media in sthichdPretinhibitersrwere dintzd @9&3@@@@@1@0@51% 9?68334 Nyl #1 contained

Sug/mL of IWHR? n%ﬁ%[’m@eﬁ £L TR o P& GFbfl oHiO 6 Bitained 0.009

ug/mL; well #11 contained no inhibitor. After an additional 24 hours growth with vigorous
shaking, the plate was centrifuged at 2,000 rpm for five minutes to pellet cells, and the cleared
supernatant subjected to Western blot analysis 1o detect anti-Her2 expression. The Western
blotting was performed as follows: seven pL of the supernatants were separated by reducing
polyacrylamide gel electrophoresis (SDS-PAGE) according to Laemmli, U. K. (1970) Nature
227, 680685 and then electroblotted onfo nitrocellulose membranes (Schleicher & Schuell, now
Whatman, Inc., Florham Park, NJ). Anti-Her2 antibody chains were detected on the Western
blots uéing a peroxidase-conjugated anti-human He and Le antibody (Calbiochen/EMD
Biosciences, La Jolla, CA) and developed using the ImmunoPure Metal Enhanced DAB
Substrate Kit (Pierce Biotechnology, Rockford, IL). Figﬁre 1 shows the results of one such
analysis in which the novel Pmt inhibitor from Example 4 (EX. 4, panel A) was tested against
Pmti-3 from Orchard et al. (panet B) and also an inactive compound as a control (panel C). As
shown in panels A and B, Example 4 and Pmti-3 effectively reduced O-glycosylation of anti-

" Her2 He at concentrations as low as 0.018 ug/mL. In contrast, the inactive 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.
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(b) introducing the nucleic acid into the cell. 15
4. The nmethod of Caim3 wherein the culture is grown
wof0e9/astsnme sufficient to provide a nultipliciRGEIH$2009/044297
the cells having the nucleic acid before contacting
the culture with any of the one or nore conpounds
whi ch inhibit Pint-nmediated O-1inked glycosyl ati on.
205. The net hod &l aim 3 wherein the culture is

growg in the pr ice of any of the one or nore
Mi bj t Pint-nediated O-1inked
HOOCf@*“ [ w:>—— 6. The nethod of Claim3
wher ef =Y cid is operably linked to an

25 7. The nethod of Claimé6

e is grown for a time sufficient to

provide a nultiplick of the cells having the

nucl ei ¢ acid before Nt acting the culture with the -
34 - WD 2009/ 143049RCI/ 13JS2009/ 044297 one or nore
conmpounds whi ch inhibi‘FPnt-nediated 0-1inked
gl ycosyl ati on and an i nducer of the pronoter to

or a saltith@esfe expression of the protein and isolating the

protein produced by the cell in the presence of the
one or nore inhibitors and the inducer to produce the
prot ej n hayi [ e InY H@OwL; :
8. Tﬁie' rr'et)rgo o{ﬁ%?gll%%ugm%ﬁ rein th@?ﬁ?ﬁ??%&d glycosylation

5 compristgnt acted with an inducer of the pronoter to induce

i f.th tein f i fore.
cont dal | ngZPRIPE P o GRS ERE PbER s ok B B mpounds
whi chyph Nhi RintadBinBtmdBelhat /GkhQmkion ke BbMBAEAs 3F CRiAm 1, which

... and isolating the protein produced by the cell in the
- inhibit Poresediated 6¥-linked glyeosylationt @k onpounds whi ch i nhi bit
Pt - 10 nediat.ed .0-1i nk ' nd the
| ndudel o prana s PRI PR Rk
10 O0-1inked gl ycosyl ation.

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

{a) providing a nucleic acid encoding a profein; and
(b}  introducing the nucleic acid into the cell.

15 ,

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-mnediated O-linked glycosylation.

20 3. 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 nuclejc acid is operably linked to an
inducible promoter.

25

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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9. The nethod of claim3, wherein the cell is a

f cell. 1510. The nethod of claim3, wh L Ne.. :
WO:&)@%@{)@ a yeast cell. 11.The nethod of clai %@fﬂﬁoaﬁ%ﬂw

wherein the . cell is selected fromthe group

consisting of Klactis, Pichia pastoris, Pichia

ong or m%,g tcgﬁlgu%gl a\%f]il;gg grgﬁ?aip frgg%%eaﬁt%io ‘éé&"}%& iggle_cgshy %o%fanﬁ la%ii&ucer of
the promdtér toﬁﬁ@ud@%x?%si@ﬁ oﬁﬂ'@ipi‘ét@in 8L Shind de ﬁﬁﬁéﬂl pr&thRed by the cell in
yeast or filanmentous fungal cell that has been .
the presenernditheend gr mongiinkibidors endthedndecey ko profuesttbé prtein haviag reduced
ol i.hant N-glycan glycofotm 25 14.
© lml‘ed%gg%l% d of claim3 wherein the cells have been

genetically nodified to produce glycoproteins in

whi ch the_N-gl %ﬁ:osyl ation pattern is hyman-like or
hurmeti zed The inethod of Claimeb whegsimihergliumss eqripgigdwith an inducer of

the promd) Gih&c%g%p%éqfx? %)gtrh'e ?{(ﬂ&ﬁ%? £ Ginf beford b &SeBo AL culture with the

Ol east culture medi um
one or more compounds which inhibit Pmt-mediated O-linked glycosylation and isolating the

protein produced by the cell in 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.

9. 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 Hansernula.
12, The method of claim 3, wherein the cell is Pickia 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-glyean

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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