Office de la Propriete Canadian CA 2628725 A1 2007/05/31

I*I ntellectuelle Intellectual Property (21) 2 628 725

u Canada Office

g,rng[get‘r'i‘ésg:na " ﬁ%ﬁ&?%yaﬁ; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

86) Date de depot PCT/PCT Filing Date: 2006/11/10 51) Cl.Int./Int.Cl. C72P 27/06 (2006.01),

87) Date publication PCT/PCT Publication Date: 2007/05/31 CO/K 14/705(2006.01
71) Demandeur/Applicant:

85) Entrée phase nationale/National Entry: 2008/05/06 GLYCOF! INC.. US

86) N° demande PCT/PCT Application No.: US 2006/043535
72) Inventeurs/Inventors:

87) N° publication PCT/PCT Publication No.: 200//061631 BOBROWICZ, PIOTR

30) Priorité/Priority: 2005/11/15 (US60/737,108 COOK, JAMES W., US;
KETT. WARREN, US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : PRODUCTION DE GLYCOPROTEINES A O-GLYCOSYLATION REDUITE
(54) Title: PRODUCTION OF GLYCOPROTEINS WITH REDUCED O-GLYCOSYLATION

+TrMan +TrMan
+TrMan +Pmti-2 +Pmii-2
(0.3uM) : (0.03uM)

Treastiqvvenurwyy
S04 ENP v iy

=
v
-
>
:
b4
-
»
-
»
»
v
-

. s
R T T LR s TR L T Y g ——— -
A rewer. 5 0a s i AT TSRS R PR :
"n*\:: é p I A s P e TPy A . s .
Cok, PRI T 7 {4’ '.. PR [T N A T gwe! Ao GV,
L ] ' - B T P-4 .m w, %o T . :"}:6 . . 3
a ) g1 N - .. 1 . S BT : L
. b - b4 > - i MY & T i
:x "'x ‘ &y, Y H ' : )‘. ,o, ‘- . :’ I~ S
‘L. . bre a,, s < . cse & . 1
3 Y L L P PRI o . : ¢ M N e ., ¢ » wey o e HES 3 ls
‘w A ) ¢ - - gy ¢ P 5?. . o ¥ ) 3
~ 8 . . v & v -'.55' i 1 AL | Mooy d oA g : :
oo Y ool . ' o e g o, & . H At cter
- . H V4 ’ | g v €I A . o G ' - tk P Tyt : bR
- . (14 vy X ¥ 3 ws s T n A0 - | . : PR
- ) . - Ll N i L0 . ok S SR ‘ Y A » RRTY L LN
v Vs P * ad e L b f AL \ e L » o WA PP *a
’ $ “w ! P Loy : vOEY ¥ . Wy > 5 0 T d » : o e s
- L ‘w. ¢ Viv, LN » =y e § wd o = {*he L S
: a b ~ k S LR -4 I. . 1 3 "o - FOTIRN Veer < vy - . . B :
* 118 " . ! - .- TR S - e S Py s ol
s 0 I ' L P 2o € »ops, > ‘ . L] PR
"y e . s ¢ ¥ DTS L AL § s
5 ¢ A T
s . 3 d SNSRI  4 '3? v ‘o, iy
» WM R TR Y R A 4 :
‘% .\.. L E '!- ". ! '.‘:J. '. .. ?\ AP V.o ;. ”;‘(' e ,: Y 4 ;'{l‘ ¢ [oed > .
. . . ™ . . - e LI oo . oo & . v
n AT DL R T T e N0 T
4 T P ' . B R, 14 g¢ . ' Y :
. ., :, Voader Wt N . N "
r Tk i 2 x*a |t S R TIUI 4 O v
. e L v R E-SRG UE LT A SR POk
: - I AL R R I ST T SR S L S S
. SN AR e Y S SR L S R CA e
", N 4 . A ‘. . ‘( N "o o . PRRTE e A > ' - '¢
s LN icd4 | 3, A mid e T e P o A e T
s . N . I‘ PR £ ?... " . $'§“ .\!t: "1 z\?\ : n."- L T T Gl N.z?‘ . .,\-,'z.’., :f'(,u’;nn* B AP
" A vids 4 " -."-im.. . . ?' ' L att e ¥ -4 . SN DERPEIE - e mlpa L LR v s . Loy
b ¢ - 2 ;'52-. ¢ i L L AL LT I : s Y v Tames o -f' - P T LR B e >
. . : ! AR R SRR EWp XN . L ce e T : S oY \ Flasne,ng L. e 3w, e e taec b
o : :$ . e "'5“'-';' ey . e s LT ."-. . Paive s oae f 3 Yo A a ‘ E ) v ;,:a" ' :'%?"’ “ o ' \; .- LT ' i 1 ‘h‘i-&< '.~'; ¢ P
! < - S ey, " M : st . . A PR . . . R we b C :
wiaf :;': PP B “,ﬁ o . k- ”; Rae .‘: 2. e ewh (l"{-v\':n”' e 1(' e, L : . ,'\ . - {.fl‘f w -:'.- S B ¥ PP :‘ ?,27-.! fﬂsf. . " Ve o " e N . ,!
N a8 . e, T v, N c R I R P RN PR e .y ATV K- R 2 g Voot B L. A N B Y
H . gl ’-,: , R AN Ly " a'? N PR T A e, 4 v, Py L .. ?t‘ Y. Y H : f, . vp
. YY) Gonh o st et L R | ¥ * ? .'1.}"!\%" ¢ A, .. Lt R e : T Ul L S, 9N :
oy T G an 1oy Vit .o }-\'S:-' It e L PR :“ N W e 4 P A . S -’t N B 2t
. W o - " L, SR . . . -
v ; ,;‘ . 'f'( . )x:Q ..‘ 4 } . ) 4 'a'-u.u u.,{ ~ PP : t.‘k . » » ._,,L. 1 ¢ ' -,': AN .;,. : . "; :'u, "$ a "\g;! ' i, \ry: {’ -‘:‘\ ’\5 ';_'" .
. . 3 s Y
, IR S R - ol st . --.'5{:" : ? Ml " S ol TR - “ A 20
. g B | o Tae gl U N e . v . " RT- S Veetae Tt L i
' - LR Yo T . L ‘\: Mo ') LA L s ' RN ", f, G ot v ¢ e ' * “;' B FUA by H
o .\, Nt gl 4 1 ; PN . A . .
N " ‘....\’ L, }"'?( :l,l ': ' &, ' s Ve . ?-_ pd R . < ¢ Ve Q. o 0 : ‘): . % " . H L -,é‘x ‘.“@ D
. SRR TR S I S, P RS SRR .
P T s A L) . L 0 - ¥ ' LTI §
. W2 Ay v . 5 E W LA L z e v
N ¢ - ;U - I{tl‘; ~ oW ?i """ % 2 '”t ""'l. H ' oS g E
. - . ’ ' i
S $¢0 M O e PR BERS ol L e w . I,' . LR
- Suht e g, W e PR AT TR VLA R R T T \
4 N A SR S N AR SV R
HO . M t-rt- DA “ ' o e '
v ..'f ' ‘- HEN " .v;“ . f}" ' o ah ’ ‘ 5 ’ ‘.‘%\* 1".. "!
E) ' - . > .. . . s Lt
Fe % PRI B RIS L TP YT 15 - : §as LT
R | ' ’ é’ w - ‘-J‘: MY o 4t 944 et v ;.lu s WS %Y . , '\ 3 L - T
. . : ‘ah LN A . - . . o R ¢ - .yt ' (X .\ [N ' .
H . . ‘e P .)_‘f_-,.‘-,..i st )s:'.. Ly -*-)s"*‘ O ) ..:'k AN :*5'.'- N 2‘! ut 1 {:, : SR . ,..V' T N i Va8 n, -
wy - R Y AR TR L AR et R DA 22 ~ v~..<o'§ oA W ¥ ot s i i
| o vt T h W $ Vg : . Nt ? e W e a3 - FUIT SR YK
P\' 'k, '~ Q' RE Y : W, L . LR PP SR LY O : o ‘-. "o ng): Pt .t N \v\.:
4 1 . . " - ' v
iy C e " Aoy e e Yt TV i y { oy R f""" o Bipu vy :
iy, P T R 7 e TS T WP I iy o ;
- 4 W, ' i R T
e b ' . 3 “ ;
s' . . ,
:“!. Y ¢ Y ..'r: ‘? G .\ B
v s . - .
1', ‘?&s;;% N oo 2 dai, L
s IS el R . et teaAl L,
- KRR X - AHIRE
s : SRR AT e
" 2. % werdn i wad P i SR R
- ot . n* St e ufg‘:“ " 'ZQ - -t R Y LU e N . i '
SNy = 13y T K| R —
' Lo :? ! : i, - . - W . :
AR b4 A&y e g S @ \ —
oy rak, & e s e
S - W e NCY IR
o b ) z§ 2 ey R AR I
ve M ) D T
T a 285 - Y N u 4 (R
‘g » B
¢ %
'- -.'-l“ o } = )
. . . . v
" .~ i1 veyal] .
o S T, l"s 1 H PR L. A -
! 25 . - el !
bl e L 3‘:' . o oA » A +A8¢)
' oo TN A e i
' " %v. K Tuy ‘ Jf: ik Hige -
fl;a{. A o . : ¢ -
< - . - ~ L4
‘' v Y 20, ¥ - TR TR s ‘ . . H
2 s \': e k. ¥ Wit o eQ'l\ :,./\" H }.-- 3 3“"":\_ ' o # On . .:’!;i W3 :0)"
iy, vy ‘\ l [P L Lot Ve gge ‘_. “ s *,' : T e -, 4 P -'._l S . »
Wy % 1 KXY "1 | LR K H r ' ey .8 L e 4. . | ‘: H ol RN 't:
‘ %, e v e [ AR Ib: A g"'-."" oW J RSN TR IV &(': (2 PR : !
~ s' lf"' ! 1¢ = v v '.. . E: " . LR Ll “" gy s . tl'. . L r’ - .:5 A .
« a . ' . . . . ] . . .
y .o v ...,:, PR el at v \‘\': .o c.o : " '""': ¢l .. ' ™ s.. o " - b - : ' : o -"z\ SE
: H '6:‘\':"‘ ll.‘.'. ? .. f‘ to bl : fof * < -: " .“ ' . ' ‘ 'év. ’ . -" &‘-l e y é: B s =l "{) o . o
: Rk : e s % P R gt L= . » e s Hs P [ . Y, - Lv s e
i, WO ek v el v LI L , e t .- e ‘ll , oy 2o - ‘" " PR . SO N
3 g, B ' & g . b e bt T e W e 1. oo N I L . 8 L% (..‘ .
i [ovp e " “ % o & Vi -fw e g TN ey, e g e e T e . .
. Yo h - s 2 ¢ = o . i . -~ L 9, YW ’-.-, ;- r ' “.t' 5 .'?‘ ¢ '1:'2 ooy LT en a
i ¢ 2 - > P el T, ! . | <y . ’,“. " \3 . s R LI T B R
i ' o & ' , - n" .i - . w5 A A s . L e
P e ) , ~ - w . - R H . ot Wl ,3 i .'.. AR H
. . " + | ' e MR . Mg 5 ! -+
. . L - (I ) -
. oo LR . N e N * E PR Voaay gl N T 4
L ' . PRI N :‘ '("" L g s }
LN . ' "
¢ el e "o ' o " : DA vt 2 ":f.\‘ i '
' yi = R A . L vt b e z
. " - 1) HR v " o - -
LN . ' i 5 s f - . ’...(,_'-'" ? . P v h,
: % 4 . : oy ‘% ' .E ~ . .. X - "y "3
N TR o z'/|' LI sy L - .o, - < R Lo aras UL )
- g ¢ 1 . . _ FUSRREY . "y " _,:'.. ; e 3 Q-|. ;- cavag) o oo . 5.\ Y .k o K
. . A ) . e .
n‘('f - ) e " . one i o S ,'.:, , : . \: ] = .o'n'r:,-” w i !:§ . ‘:_: o W ;_ % ! o s,
HL . 2 v . “ly . ) SR ) - IB_ 3 waps gl 4 |‘_('J\ e LN Mo £ - w e !# e . e ¢ .
. . ¢ e v oo o e (L) -~ wd Wyt e PR s P 4 . oo B -1 -
R - . e “ w P 0Y L e ey, T e Ll S et e P ToAbaent L g LA
“ 3o gt .,' ’ e g 'v : s " ~ ‘. Iy W IR T, v REISIR N i » . 3 . E w o ??,ﬁ
- av v et g S et ."-H - e 9'-”"-..4;3}. - r‘i' T, v 8 D T ARy A ay L,
. o . - > " . . - L w v * e . . o .
e T IR i S SRS L R M R T AR & o S v % leat "L e ceife .
[N T i el - ' S . s . . » oy Yo, ¢ ¢ RN
. a .- LR A ¢ - R - ’ F IR e
¢ i 1 I TRy . s n S
<, ] . “w v n A " ¢’ § L . 4 e LY P~ W “ -
* ' " ' [ v, . ‘) - ~a L L] ¥y ¢ 3
3 e T ] . . o e T4 N e ) ! ' El T '
., [ ' , g { W’ - RN F] . AR
. - L oo i < ot e ~ -5'{ 14 wate .:, : . . -4 . \ : ‘;a " i i e
- < - - . . P -
v, - ) “n N LA Ay O Y i) Ae TR R LI |
- L . . .' - L8 RS P = Ir ' ( ‘4 . Seir W " ) L Vo, ~ we . il R e
i I P . e -2 A S H .. z’ W%l e L - ' Py
" ) . WAL .2 Yy ' - " “ - 5o : - Lt . . w - R . 3
: ' poayr.y vl e -t Sy : - N P R A [P
v " N , b \l . \,:v,{ . I mbo I ' ‘ S": e \ ?“.} 5 g .).',"v
: 5 . '
)- " TN | }?.( . «.m ¥ %,. - ," o - k L AV IR \ o "i L e & v
. i o, N T . e W ey H m e R Yo,
) [ . teron . ] e - r\." -~ ¢ a": : Vi, v . <I.' . d ; '5' ~ v *
: 3 . o R I - o i SRR R KAy e
. s . . o N ' kY
o & 5 TR * 3 G IR it . . ot T oo /‘." St L, 0 X
. . H ' 1 I: R . 3 Y POL % > . Ve t\( {- -
) 3 . s\ .
B R e ) .'. v oY TR . : - . & sl L ! '?}’ﬁlh.‘
. ® s, oot PR B ——— i gy . e e R - } & K, e T At
o : 3ok iy T o e 8 AT el L Boovvmy RO R T S TR .- IR e R
em -n e A R R I S P ST i:fl . . e LN S P . [N . LT PP U .o < e L
- L T P 7 7, [ PP SR | ‘- . . M . ) '. 1= . . < HE e
o beie s A - WA i ) e —— P - Alira . “‘H.‘-\..;;’"" s o ;J

(57) Abregé/Abstract:
A method Is 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 an inhibitor of Pmt-mediated O-linked glycosylation and/or in the
presence of one or more a-1,2- mannosidases.
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(57) Abstract: A method is 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 an inhibitor of Pmt-mediated O-linked glycosylation and/or
in the presence of one or more 0-1,2- mannosidases.
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TITLE OF THE INVENTION
PRODUCTION OF GLYCOPROTEINS WITH REDUCED O-GLYCOSYLATION

BACKGROUND OF THE INVENTION
(1) Field of the Invention

The present invention relates to compositions and methods for producing proteins having
specific glycosylation patterns. In particular, the present invention relates to compositions and methods

for producing proteins having reduced O-linked glycosylation.

(2) | Description of Related Axt

Glycoproteins mediate many essential functions in humans and other mammals,
including catalysis, signaling, cell-cell communication, and molecular recognition and association.
Glycoproteins make up the majority of non-cytosolic proteins in eukaryotic organisms (Lis and Sharon,
1993, Eur. J. Biochem. 218:1-27). Many glycoproteins have been exploited for therapeutic purposes, and
during the last two decades, recombinant versions of naturally-occurring glycoproteins have been a major
part of the biotechnology industry. Examples of recombinant glycosylated proteins used as therapeutics
include erythropoietin (EPQO), therapeutic monoclonal antibodies (mAbs), tissue plasminogen activator
(tPA), interferon-p (IFN-B), granulocyte-macrophage colony stimulating factor (GM-CSF), and human
chorionic gonadotrophin (hCH) (Cumming ez al., 1991, Glycobiology 1:115-130). Variations in
glycosylation patterns of recombinantly produced glycoproteins have recently been the topic of 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. hypermannosﬂation in yeast (Ballou, 1990, Methods Enzymol. 185:440-470);
o 1,3)-fucose and B(1,2)-xylose in plants, (Cabanes-Macheteau et al., 1999. Glycobiology, 9: 365-372);
N-glycolylneuraminic acid in Chinese hamster ovary cells (Noguchi ef al., 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 1n the
protein and O-glycoside bond type carbohydrate chains (also called O-glycans; or O-linked
olycosylation) bound to a serine (Ser) or threonine (Thr) residue in the protemn.

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 several important

disadvantages as host cells for protein production. Besides being costly, processes for producing
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proteins in mammalian cells produce heterogeneous populations of glycoforms, have low volumetric
titers, and require both ongoing viral containment and signiﬁcént time to generate stabie cell lines.

It 1s well recognized that the particular glycoforms on a protein can profoundly affect the
properties of the protein, including its pharmacokinetic, pharmacodynamic, receptor-interaction, and
tissue-specific targeting properties (Graddis ez al., 2002. Curr Pharm Biotechnol. 3: 285-297). For
example, it has been shown that different glycosylation patterns of Igs are associated with different
biological properties (Jefferis and Lund, 1997, Antibody Eng. Chem. Immunol., 65; 111-128; Wright and
Morrison, 1997, Trends Biotechnol., 15: 26-32). It has further been shown that galactosylation of a
glycoprotein can vary with cell culture conditions, which may render some glycoprotein compositions
immunogenic depending on the specific galactose pattern on the glycoprotein (Patel ez al., 1992.
Biochem J. 285: 839-845). However, because it is not known which specific glycoform(s) contribute(s)
to a desired biological function, the ability to enrich for specific glycoforms on glycoproteins is highly
desirable. Because different glycoforms are associated with different biological properties, the ability to
enrich for glycoproteins having a specific glycoform can be used to elucidate the relationship between a
specific glycoform and a specific biological function of the glycoprotein. Also, the ability to enrich for
glycoproteins having a specific glycoform enables the production of 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 to N-limked 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 (Wilson 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 have been
identified in both higher eukaryotes such as humans, rodents, insects, and the like and lower eukaryotes
such as fungi and the like. Yeast such as Saccharomyces cerevisiae and Pichia pastoris encode up to
seven PMT genes encoding Pmt homologues (reviewed in Willer et al. Curr. Opin. Struct. Biol. 2003
Oct;13(5): 621-30.). In yeast, O-linked glycosylation starts by the addition of the initial mannose from
dolichol-phosphate mannose to a serine or threonine residue of a nascent glycoprotein in the endoplasmic
reticulum by one of the seven O-mannosyl transferases genes. While there appear to be seven PMT

genes encoding Pmt homologues in yeast, O-mannosylation of secreted fungal and heterologous proteins

-9



10

15

20

25

30

335

CA 02628725 2008-05-06
WO 2007/061631 PCT/US2006/043535

in yeast is primarily dependent on the genes encoding Pmtl and Pmt2, which appear to function as a
heterodimer. PMT1 and PMT?2 and their protein products, Pmt1 and Pmt2, respectively, appear to be
highly conserved among species.

T'anner et al. in U. S. Patent No. 5,714,377 describes the PMT1 and PMT2 genes of
Saccharomyces cerevisiae and a method for making recombinant proteins having reduced O-linked
glycosylation that uses fungal cells in which one or more of PMT genes have been genetically modified
so that recombinant proteins are produced, which have reduced O-linked glycosylation.

Ng et al. n U.S. Published Patent Application No. 20020068325 discloses inhibition of
O-glycosylation through the use of antisense or cosuppression or through the engineering of yeast host
strains that have loss of function mutations in genes associated with O-linked glycosylation, in particular,
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 antimycotic agents,
e.g., antifungal agents. These benzylidene thiazolidinediones are reported to inhibit the Pmt] enzyme,
preventing the formation of the O-linked mannoproteins and compromising the integrity of the fungal
cell wall. The end result is cell swelling and ultimately death through rupture.

Konrad et al. n U.S. Published Patent Application No. 20020128235 disclose a method
for treating or preventing diabetes mellitus by pharmacologically inhibiting O-linked protein
glycosylation in a tissue or cell. The method relys on treating a diabetic individual with (Z)-1-[N-(3-
Ammonioprobyl)-N—-(n—-propyl)amino] diazen-ium-1,2-diolate or a derivative thereof, which binds O-
linked N-acetylglucosamine transferase and thereby inhibits O-linked glycosylation.

Kojima et al. in U. S. Patent No. 5,268,364 disclose therapeutic compositions for
inhibition of O-glycosylation using compounds such as benzyle-a-N-acetylgalactosamine, which inhibits
extension of O-glycosylation leading to accumulation of O-a-GalNAc, to block expression of SLex or
SLea by leukocytes or tumor cells and thereby inhibit adhesion of these cells to endothelial cells and
platelets.
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Boime et al. U. S. Patent No. 6,103,501 disclose variants of hormones in which O-linked
glycosylation was altered by modifying the amino acid sequence at the site of glycosylation.

The present inventors have found that particular chemical compounds that are inhibitors
of Pmt proteins, which are generally lethal to fungi, can be used in a way which is not lethal to the host
cells for production of recombinant proteins with reduced O-linked glycosylation. This enables O-linked
glycosylation of proteins produced from fungi and yeast cells to be controlled. Other classes of chemical
éompounds, which the inventors believe to be non-lethal inhibitors of the PMT enzymes, are also useful
in the production of improved glycoproteins with reduced O-linked glycosylation. The present inventors
have further found that addition to the host cell or cell culture of certain classes of enzymes, namely, o-
1,2-mannosidases, alone or in combination with a chemical inhibitor of Pmt proteins effects a further

reduction of O-glycosylation.

BRIEF SUMMARY OF THE INVENTION

The present invention provides methods for producing proteins and glycoproteins having
specific glycosylation patterns. In particular, the present invention provides a method for making a
recombinant protein compositions in a host cell in which the O-linked glycosylation of the recombinant
protein is reduced by contacting the host cells with one or more inhibitors of Pmt-mediated O-linked
glycosylation of proteins in the host cell or contacting the host cells or the recombinant protein with one
or more o-1,2-mannosidases, or both. The amount of O-linked glycosylation of the recombinant protein
or glycoprotein 1s reduced compared to the amount of O-linked glycosylation of the recombinant protein
or glycoprotein produced by the host cell in the absence of the inhibitor.

Pmt-mediated O-linked glycosylation refers to O-linked glycosylation wherein transfer
of mannose residues to the serine or threonine residues of a protein is mediated by a protein-O-D-
manunosyltransferase (Pmt) or homologue encoded by a PMT gene or its homologue. The inhibitors of
Pmt-mediated O-linked glycosylation include inhibitors that inhibit any one of the homologues of the
PMT genes. In a currently preferred aspect, the inhibitor inhibits at least Pmt1 and/or Pmt2 activity of
fungi and yeast, or the corresponding homologue in other organisms, including but not limited to,
mammals, plants, and insects.

Currently, it 1s preferable that the amount of O-linked glycosylation has been reduced
through the use of a chemical inhibitor, for example, a chemical inhibitor encompassed by the class of
chemicals called benzylidene thiazolidinediones. In particular embodiments, the chemical inhibitor is
selected from the group consisting of 5-[[3,4-bis(phenylmethoxy) phenyl|methylene]-4-oxo-2-thioxo-3-
thiazolidineacetic acid; 5-[[3~(1-Phenylethoxy)-4-(2-phenylethoxy)]phenyljmethylene]-4-oxo-2-thioxo-3-
thiazolidineacetic acid; 3-Hydroxy-4-(2-phenylethoxy)benzaldehyde; 3-(1-Phenylethoxy)-4-(2-
phenylethoxy)-benzaldehyde; 5-[[3-(1-Phenyl-2-hydroxy)ethoxy)-4-(2-
phenylethoxy)]phenyl|methylene]-4-oxo-2-thioxo-3-thiazolidineacetic acid.



10

15

20

25

30

35

CA 02628725 2008-05-06
WO 2007/061631 PCT/US2006/043535

In further aspects, provided is a method for producing recombinant protein compositions
having reduced O-linked glycosylation, which use one or more inhibitors of the Pmt proteins involved in
O-linked glycosylation and/or one or more a-1,2-mannosidase enzymes to produce the protein having
reduced O-linked glycosylation. Currently preferred o-1,2-mannosidases may be isolated from
eukaryotic cells, including mammalian and yeast cells. In currently preferred embodiments, the a-1,2-
mannosidase is that produced by Trichoderma reesei, Saccharomyces sp., or Aspergillus sp. In other
currently preferred embodiments, the o-~1,2-mannosidase may be produced from a chimeric construct
comprising a nucleic acid sequence encoding the catalytic domain of an a-1,2-mannosidase 0peratively
Iimked to a nucleic acid sequence encoding a cellular targeting signal peptide not normally associated
with the catalytic domain. In other embodiments, the o-1,2-mannosidase may be separately produced and
added to the cell culture, or may be produced by co-expressing the a-1,2-mannosidase with the
recombinant glycoprotein.

In particular aspects of the method, the recombinant protein composition comprises a
glycoprotein having N-linked glycosylation wherein the recombinant glycoprotein includes at least one
predominant N-glycoform and has reduced O-linked glycosylation. Therefore, further provided are
glycoprotein compositions comprising a predominant species of N-glycan structure and having reduced
O-linked glycosylation compared to compositions of the glycoprotein which have been produced in host
cells have not been incubated in the presence of an inhibitor of Pmt-mediated O-linked glycosylation or
an o-1,2-mannosidase capable of trimming more than one mannose residue from a glycans structure. In

particular aspects, the glycoprotein composition comprises a glycoprotein having a predominant N-
glycan structure selected from the group consisting of MansGlecNAc), Man3GlcNAc),

GleNAcManzGlecNAc), GleNAcMan3GleNAc), GleNAcoyMan3GleNAc), GalGlcNAcMansGIcNAce),
Gal(GlcNAc)2 MansGleNAcy, (GalGleNAc)yMansGlcNAc), NANAGalGlcNAcMan3GlecNAco,
NANA2GalGIcNAcMan3GleNAcp, and GalGleNAcMan3GleNAc) glycoforms. An important aspect

of the method is that it provides for a glycoprotein composition comprising reduced O-linked
glycosylation and predominantly a specific N-linked glycoform in which the recombinaﬁt 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

etfective glycoform. Thus, therapeutic pharmaceutical composition of glycoprotein molecules
comprising, for example, predominantly MansGlcNAc), Man3GlcNAc), GIcNAcMansGlecNAco,

GleNAcMan3GleNAc), GleNAcoMan3GleNAc), GalGleNAcMansGleNAc), Gal(GlcNAc)»
MansGleNAc), (GalGleNAc)yMansGleNAcy, NANAGalGleNAcMan3 GleNAcy,
NANA2GalpGleNAcMan3GleNAc), and GalGleNAcMan3GleNAcy glycoforms and having reduced O-

linked glycosylation may well be effective at lower doses, thus having higher efficacy/potency.
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Therefore, provided is'a method of producing a protein having reduced O-linked
glycosylation comprising providing a nucleic acid encoding a protein; introducing the nucleic acid into a
host cell to provide a culture of the host cell; contacting the culture with one or more inhibitors of Pmt-
mediated O-linked glycosylation; and isolating the glycoprotein produced by the host cell in the presence
of the mhibitor to produce the protein having reduced O-linked glycosylation.

In particular aspects of the method, the culture is grown for a time sufficient to provide a
multiplicity of the host cells having the nucleic acid before contacting the culture with the one or more
inhibitors of Pmt-mediated O-linked glycosylation or the culture is grown in the presence of the one or
more nhibitors of Pmt-mediated O-linked glycosylation at the time the culture is established.

In a further aspect of the method, the nucleic acid encoding the protein is operably linked
to an inducible promoter. Then the culture is grown for a time sufficient to provide a multiplicity of the
host cells having the nucleic acid before contacting the culture with the one or more inhibitors of Pmt-
mediated O-linked glycosyiation and an inducer of the promoter to induce expression of the protein and
isolating the protein produced by the host cell in the presence of the one or more inhibitors and the :
inducer to produce the protein having reduced O-linked glycosylation or the culture is contacted with an
mducer of the promoter to induce expression of the protein for a time before contacting the culture with
the one or more inhibitors of Pmt-mediated O-linked glycosylation and isolating the protein produced by
the host cell in the presence of the inhibitor and the inducer to produce the protein having reduced O-
linked glycosylation.

Further provided is a method of producing a protein having reduced O-linked
glycosylation comprising providing a nucleic acid encoding a protein; introducing the nucleic acid into a
host cell to provide a culture of the host cell; contacting the culture with one or more a-1,2-mannosidase
enzymes; and isolating the protein produced by the host cell in the presence of the one or more a-1,2-
mannosidase enzymes to produce the glycoprotein having reduced O-linked glycosylation.

In particular aspects of the method, the culture is grown for a time sufficient to provide a
multiplicity of the host cells having the nucleic acid before contacting the culture with the one or more o-
l,2-mannosidase enzymes cosylation. In other aspects, the culture is grown in the presence of the one or
more o-1,2-mannosidase enzymes.

In further aspects of the method, a second nucleic acid encoding the one or more a-1,2-
mannosidase enzymes is provided and introducing the second nucleic acid into the host cell. In particular
aspects, a second nucleic acid encoding the one or more a-1,2-mannosidase enzymes operably linked to
an mducible promoter is provided and introducing the second nucleic acid into the host cell and the
culture is grown for a time sufficient to provide a multiplicity of the host cells before inducing expression
of the protein and the one or more 0-~1,2-mannosidase enzymes to produce the protein having reduced O-
linked glycosylation or expression of the protein is induced for a time before inducing expression of the

one or more a-1,2-mannosidase enzymes to produce the protein having reduced O-linked glycosylation or
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expression of the one or more a-1,2-mannosidase enzymes is induced for a time before inducing
expression of the protein to produce the protein having reduced O-linked glycosylation.

Further provided is a method of producing a protein having reduced O-linked
glycosylation comprising providing a nucleic acid encoding a protein operably linked to an inducible
promoter; introducing the nucleic acid into a host cell and growing the host cell containing the nucletc
acid to produce a culture of the host cell; contacting the culture with one or more inhibitors of Pmt-
mediated O-linked glycosylation and one or more one or more a-1,2-mannosidase enzymes; and isolating
the glycoprotein produced by the host cell in the presence of the one or more inhibitors and the one or
more one or more o-1,2-mannosidase enzymes to produce the protein having reduced O-linked
glycosylation.

In particular aspects of the method, the culture is grown for a time sufficient to provide a
multiplicity of the host cells having the nucleic acid before contacting the culture with the one or more
inhibitors of Pmt-mediated O-linked glycosylation or the culture is grown in the presence of the one or
more inhibitors of Pmt-mediated O-linked glycosylation at the time the culture is established.

In a further aspect of the method, the nucleic acid encoding the protein is operably linked
to an inducible promoter. Then the culture is grown for a time sufficient to provide a multiplicity of the
host cells having the nucleic acid before contacting the culture with the one or more inhibitors of Pmt-
mediated O-linked glycosylation and an inducer of the promoter to induce expression of the protein and
isolating the protein produced by the host cell in the presence of the one or more inhibitors and the
inducer to produce the protein having reduced O-linked glycosylation or the culture is contacted with an
inducer of the promoter to induce expression of the protein for a time before contacting the culture with
the one or more inhibitors of Pmt-mediated O-linked glycosylation and isolating the protein produced by
the host cell in the presence of the inhibitor and the inducer to produce the protein having reduced O-
linked glycosylation.

In particular aspects of the method, the culture is grown for a time sufficient to provide a
multiplicity of the host cells having the nucleic acid before contacting the culture with the one or more a-
1,2-mannosidase enzymes. In other aspects, the culture is grown in the presence of the one or more -
1,2-mannosidase enzymes.

In further aspects of the method, a second nucleic acid encoding the one or more a-1,2-
mannosidase enzymes is provided and introducing the second nucleic acid into the host cell. In particular
aspects, a second nucleic acid encoding the one or more o~1,2-mannosidase enzymes operably linked to
an inducible promoter is provided and introducing the second nucleic acid into the host cell and the
culture is grown for a time sufficient to provide a multiplicity of the host cells before inducing expression
of the protein and the one or more a-1,2-mannosidase enzymes to produce the protein having reduced O-
linked glycosylation or expression of the protein is induced for a time before inducing expression of the

one or more a-1,2-mannosidase enzymes to produce the protein having reduced O-linked glycosylation or
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expression of the one or more a-1,2-mannosidase enzymes is induced for a time before inducing
expression of the protein to produce the protein having reduced O-linked glycosylation.

In further aspects of the above methods that use one or more inhibitors of a Pmt protein,
currently, it is preferred that the one or more inhibitors is selected from the class of molecules
comprising benzylidene thiazolidinediones. Currently, it is preferable that the one or more inhibitors be
selected from the group consisting of 5-[[3,4-bis(phenylmethoxy) phenyllmethylene]-4-0x0-2-thioxo-3-
thiazolidineacetic Acid; 5-[[3-(1-Phenylethoxy)-4-(2-phenylethoxy)]phenylImethylene]-4-ox0-2-thioxo-
3-thiazolidineacetic Acid; and 5-[[3-(1-Phenyl-2-hydroxy)ethoxy)-4-(2-
phenylethoxy)]phenyljmethylene]-4-oxo-2-thioxo-3-thiazolidineacetic Acid.

In particular aspects of the above methods that use an a-1,2-mannosidase, it is currently
preferable that the o-1,2-mannosidase is selected from the group consisting of Trichoderma reesei,
saccharomyces sp., and Aspergillus sp. Currently, it is preferable that the a-1,2-mannosidase is from -
Trichoderma reesei. Alternatively, the host cell can include in addition to the first nucleic acid encoding
the protein or glycoprotein, a second nucleic acid, which encodes the a-1,2-mannosidase, operably linked
to an mducible promoter. Expression of the a-1,2-mannosidase and the protein or glycoprotein can be
induced simultaneously or expression of the protein or glycoprotein induced before expression of the a-
1,2-mannosidase or vice versa.

While the method can be performed using any host cell that produced proteins having O-
Imked glycosylation, in currently preferred aspects, the host cell is a lower eukaryotic cell, preferably a
fungal cell or a yeast cell. Currently, it is preferred that the host cell be selected from the group
consisting of cells from K. lactis, Pichia pastoris, Pichia methanolica, and Hansenula. In further
embodiments for producing recombinant glycoproteins in particular, the host cell is a yeast or
filamentous fungal cell that has been genetically modified to produce glycoproteins with predominantly a
particular N-glycan structure. In particularly preferred aspects, the host cells are genetically modified so
that they express recombinant glycoproteins in which the glycosylation pattern is human-like or
humanized. In particular, the host cells can be modified so that they express recombinant glycoproteins
having predominantly a particular desired N-glycan structure. A lower eukaryotic host cell when used
herein 1n connection with glycosylation profiles, refers to any eukaryotic cell which ordinarily produces
high mannose containing N-linked glycans, and thus, includes most typical lower eukaryotic cells,
mcluding uni- and multi-cellular fungal and algal cells.

All publications, patents, patent applications, and other references mentioned herein are

hereby incorporated by reference in their entireties.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 1llustrates the effect of Pmt inhibitors on O-glycosylation of secreted

recombinant reporter proteins in Pichia pastoris. The chemical inhibitors of Pmt reduced O-

glycosylation to a level similar to that observed in a strain lacking PMT1. Western blotting using an anti-
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polyhistidine antibody was used to detect His-tagged human Kringle 1-3 domain (K1-3) of human
plasminogen in the growth media of wild-type (lanes 1-3) and pmt1 (lanes 4-5) strains. The slower
migrating bands (seen as a higher molecular weight smear for K1-3 in lane 1) indicate O-glycosylated
protemn. Pmti-1, PMT inhibitor 1.

Figure 2 shows a Western blot that demonstrates the effect of 7. reesei a-mannosidase
and the chemical inhibitor Pmti-2 on the O-glycosylation of immunoglobulin light and heavy chain
polypeptides. Both 7. reesei a-mannosidase and chemical Pmt inhibitors reduced the level of O-

glycosylation.

DETAILED DESCRIPTION OF THE INVENTION

The present imvention provides a method for expressing a recombinant protein (includes
polypeptides and glycoproteins), which is susceptible to O-linked glycosylation in a particular host cell,
having 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
i1s susceptible to O-linked glycosylation in the host cell in the presence of a chemical inhibitor of the
activity of one or more of the Dol-P-Man:Protein (Ser/Thr) Mannosyl Transferase (Pmt) proteins
involved in the transfer of mannose to a serine or threonine residue of the protein in the cell or one or
more o 1,2-mannosidases, or both, at the time expression of the protein is induced. The protein that is
expressed 1 the presence of the inhibitor or the one or more o 1,2-mannosidases has a reduced amount of
O-linked glycosylation compared to the amount of O-linked glycosylation that would have been present
on the protein if it had been produced in the absence of the inhibitor or the one or more o 1,2~
mannosidases, or both. 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 method is an tmprovement over 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 a/. 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 the Pmt protein have been genetically modified so that
recombinant proteins are produced, which have reduced O-linked glycosylation. While deletion of either
the PMT1 or PMI2 genes in a fungal host cell enables production of a recombinant protein having
reduced O-linked glycosylation in the fungal host cell, eipression of the PMT1 and PMT?2 genes are
important for host cells growth and either deletion alone also adversely affects the ability of the fungal
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host cell to grow thus making it difficult to produce a sufficient quantity of host cells or recombinant
protein with a reduced amount of O-linked glycosylation. Deletion of both genes appears to be lethal to
the fungal host cell. Therefore, genetic elimination of the PAT1 and PMT?2 genes in a host cell would
appear to be an undesirable means for producing recombinant proteins having reduced O-linked
glycosylation.

In contrast, the PMT genes in the host cells used in the method of the present invention
have not been modified or deleted, which enables the host cell to O-glycosylate those proteins that are
important for cell growth until which time the activity of the Pmt proteins is inhibited. In general, this
enables the host cells to be grown to higher levels than the levels that could be obtained if the PMT genes
had been deleted. In addition, in particular embodiments, expression of the recombinant protein in the
host cell is controlled by an inducible promoter and the Pmt activity in the host cell is not inhibited or
one or more o 1,2-mannosidases added, or both, until expression of the recombinant protein is induced.
This enables large quantities of host cells containing a nucleic acid encoding a recombinant protein to be
produced in culture before inducing expression of the recombinant protein and adding the Pmt inhibitor
and/or one or more o 1,2-mannosidases. 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.

“This improvement over the prior art also facilitates 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 predominantly particular
N-linked glycoforms have been disclosed in U.S. Patent No. 7,029,872 and U.S. Published Application
Nos. 20050170452, 20050260729, 20040230042, 20050208617, 20050208617, 20040171826,
20060160179, 20060040353, and 20060211085. Any one of the host cells described in the
aforementioned patent and patent appliéations can be used to produce a glycoprotein having
predommantly a particular N-linked glycan structure and having reduced O-linked glycosylation using
the method disclosed herein. It has been found that some host cells that have been genetically modified
to produce glycoproteins having predominantly a particular N-linked glycan structure can grow less well
in culture under particular conditions than host cells that have not been modified. For example,
particular fungal and yeast cells in which genes involved in hypermannosylation have been deleted and
other genes needed to produce particular mammalian or human like N-linked glycan structures have been
added, can grow less well than fungal or yeast cells that do not the genetic modifications. In some of
these genetically modified fungal or yeast cells, further introducing deletions of the PMTI or PMT?2
genes either is lethal to the cells or adversely affects the ability of the cells to grow to sufficient
quantities in culture. The method herein avoids the potential deleterious effects of deleting the PMT]

and PMT2 genes by allowing the cells to grow to sufficient quantities in culture before inducing
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expression of the recombinant glycoprotein and adding an inhibitor of the activity of the Pmt proteins, or
one or more ¢ 1,2-mannosidases, or both, to produce the recombinant glycoprotein having predominantly
particular N-linked glycan structures and reduced O-linked glycosylation.

Therefore, an important aspect of the method is that it provides for a glycoprotein
composition comprising reduced O-linked glycosylation and a predominantly a specitic N-linked
slycoform 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 1t
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 Man5 GlcNAc?,

Man3GlcNAc?, GleNAcMansGleNAco, GleNAcMan3GlcNAco, GleNAcpMan3 GlcNA¢),
GalGleNAcMan;GlcNAc), Gal(GleNAc) MansGleNAc, (GalGleNAc)2Mans5GleNAc),
NANAGalGlcNAcMan3GleNAc», NANA»GalpGleNAcMan3GleNAcp, and GalGleNAcMan3 GlcNAc?

glycoforms and having reduced O-linked glycosylation may well be effective at lower doses, thus having
higher efficacy/potency.

In general, the method for producing proteins having reduced O-linked glycosylation
comprises transforming a host cell with a nucleic acid encoding a recombinant or heterologous protein in
which it is desirable to produce the protein having reduced O-linked glycosylation. The nucleic acid
encoding the recombinant protein is operably linked to regulatory sequences that allow expression of the
recombinant protein. Such regulatory sequences include an inducible promoter and optionally an
enhancer upstream, or 5', to the nucleic acid encoding the fusion protein and a transcription termination
site 3' or down stream from the nucleic acid encoding the recombinant protein. The nucleic acid also
typically encodes a 5' UTR region having a ribosome binding site and a 3' untranslated region. The
nucleic acid is often a component of a vector replicable in cells in which the recombinant protein 1s
expressed. The vector can also contain a marker to allow recognition of transformed cells. However,
some cell types, particularly yeast, can be successfully transformed with a nucleic acid lacking
extraneous vector sequences.

Nucleic acids encoding desired recombinant proteins can be obtained from several
sources. cDNA sequences can be amplified from cell lines known to express the protein using primers o
conserved regions (see, for example, Marks et al., J. Mol. Biol. 581-596 (1991)). Nucleic acids can also
be synthesized de novo based on sequences in the scientific literature. Nucleic acids can also be
synthesized by extension of overlapping oligonucleotides spanning a desired sequence (see, e.g., Caldas
et al., Protein Engineering, 13, 353-360 (2000)).

In one aspect, the nucleic acid encoding the protein is operably linked to an inductble

promoter, which allows expression of the protein to be induced when desired. In another aspect, the
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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 mhibitors is added to the culture before adding the inducer. The induced protein is
produ:ced having reduced O-linked glycosylation and can be recovered from the culture medium or for
proteins not having a signal sequence, from the host cell by lysis. In the second aspect, wherein the
nucleic acid encoding the protein is operably linked to a constitutive promoter, the one or more inhibitors
of Pmt-mediated O-linked glycosylation is added to the culture medium at the same time the culture is
established and the protein, which is produced having reduced O-linked glycosylation, can be recovered
from the culture medium or for proteins not having a signal sequence, from the host cell by lysis. An
example illustrating the method using an inducible promoter is shown in Example 2 and an example
tltustrating the method using a constitutive promoter is shown in Example 3.

Inhibitors useful for producing proteins with reduced O-linked glycosylation are
chemicals or compositions that inhibit the activity one or more of the Pmt proteins. When the host cell is
a lower eukaryote such as fungi or yeast, it is desirable that the inhibitor inhibit at least the activity of
Pmtl or Pmt2, or both. In higher eukaryotes, it is desirable that the inhibitor inhibit activity of the
homologue in the higher eukaryote that corresponds to the Pmt] or Pmt2. Chemical inhibitors that can
be used include the benzylidene thiazolidinediones identified in U.S. Patent No. 7,105,554, which
includes 5-[[3,4-bis(phenylmethoxy) phenyljmethylene]-4-oxo-2-thioxo-3-thiazolidineacetic acid; 5-[[3-
(1-phenylethoxy)-4-(2-phenylethoxy)]phenyl]methylenel-4-oxo0-2-thioxo-3-thiazolidineacetic acid; 3-
hydroxy-4-(2-phenylethoxy)benzaldehyde; 3-(1-phenylethoxy)-4-(2-phenylethoxy)-benzaldehyde; and, 5-
|[3-(1-phenyl-2-hydroxy)ethoxy)-4-(2-phenylethoxy)phenyijmethylene]-4-oxo-2-thioxo-3-
thiazolidineacetic acid. Other compounds that might be useful are the structurally similar compounds
disclosed in Voss et al. in WO 94/29287, which discloses methods of making arylidene-4-oxo-2-thioxo-
3-thiazolidine carboxylic acids and which are disclosed to be useful in the prophylaxis and treatment of
late effects of diabetes as well as the prophylaxis and treatment of atherosclerosis and arteriosclerosis
and in Esswein ef al. in U.S. Patent No. 6,673,816, which discloses methods of making derivatives of
rhodaninecarboxylic acids and their use for treatment of metabolic bone disorders.

In the examples, chemical inhibitors selected from the group consisting of 5-[[3,4-
bis(phenylmethoxy) phenyljmethylene]-4-oxo-2-thioxo-3-thiazolidineacetic acid; 5-[[3~(1-
phenylethoxy)-4-(2-phenylethoxy)]phenylJmethylene]-4-oxo0-2-thioxo-3-thiazolidineacetic acid; and, 5-
[[3-(1-phenyl-2-hydroxy)ethoxy)-4-(2-phenylethoxy)]phenylmethylene]-4-oxo0-2-thioxo-3-

thiazolidineacetic acid are shown to be effective in producing recombinant proteins having reduced O-
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linked glycosylation in Pichia pastoris strains that had intact, functional PMTI and PMT?2 genes. Table
1 of Example 2 shows that any one of the above three Pmt chemical inhibitors added to a culture of
recombinant Pichia pastoris having intact, functional PMT1 and PMT2 genes and transformed with a
nucleic acid encoding a recombinant, secretable Kringle 1-3 protein operably linked to an inducible
promoter at the time expression of the recombinant protein was induced, produced a recombinant protein
having a level of reduced O-linked glycosylation that was comparable to the level of O-linked
glycosylation seen for Pichia pastoris cells containing a deletion of either the PMT1 or PMT2 gene. The
above Pmit1 inhibitors have been used in amounts from about 0.03 uM to 20 puM to produce proteins
having reduced O-linked glycosylation compared to the amount of O-linked glycosylation on the protein
when grown in similar host cell cultures in the absence of the Pmti inhibitors. The results shown in
Example 3 further shows that the host cell cultures can be grown in the presence of Pmti inhibitor at an
amount that 1s sufficient to mhibit O-linked glycosylation without killing the host cells.

The method can include adding to the culture medium containing the one or more Pmt
inhibitors one or more a-1,2-mannosidase enzymes to produce the recombinant protein having reduced
O-linked glycosylation. The a-1,2-mannosidases are a conserved family of eukaryotic enzymes for
maturation of N-glycans, which are capable of trimming MangGIcNAc) to MangGlecNAc) in yeast.
(Vallee er al., 2000, EMBO J., 19: 581-588). The u-1,2-mannosidases are also known as class I a-
mannosidases and have been identified in mammalian, lower eukaryotic species, and insect cells (Kawar
et al., 2000, Glycobiology 10: 347-—355). Mammalian cells are known to have several class I a-
mannosidases, some of which are capable of trimming multiple mannose residues (Moremen et al., 1994,
Glycobiology 4: 113-125), while yeast appear to have fewer, more specialized o-1,2-mannosidases. For
example, Saccharomyces has been disclosed to have a single a-~1,2-mannosidase encoded by MNNI1,
which removes one specific mannose residue (for example, MangGlcNAc) to MangGlcNAc?)
(Herscovics, 1999, Biochim Biophys Acta., 1473: 96-107). Thus, the endogenous o-1,2-mannosidase
present in many lower eukaryotes such as fungi and yeast and which cannot remove multiple mannose
residues from Glycan structures, is not capable of enabling production of proteins having reduced O-
linked glycosylation. Therefore, the method herein requires introduction into the culture medium
containing the host cells an a-1,2-mannosidase capable of trimming multiple mannose residues from an
O-linked Glycan or introduction into the host cell a nucleic acid encoding an a-1,2-mannosidase capable
of trimming multiple mannose residues from an O-linked Glycan. The a-1,2-mannosidase herein
includes the intact, native a-1,2-mannosidase; an a-1,2-mannosidase modified to enhance its a-1,2-
mamlosiadase activity; an a-1,2-mannosidase modified to decrease its a-1,2-mannosidase activity; and, a
recombinant o-1,2-mannosidase comprising at least the catalytic domain having the o-1,2-mannosidase
activity (for example, a fusion protein comprising the catalytic domain having the o-1,2-mannosidase
activity fused to heterologous proteins, polypeptides, or peptides).

In particular embodiments, the a-1,2-mannosidase, which is capable of trimming

multiple mannose residues from an O-linked glycans and is added to the cell culture, is produced by
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Trichoderma sp., Saccharomyces sp., or Aspergillus sp. Currently, preferred a-1,2-mannosidases are
obtamed from Trichoderma reesei, Aspergillus niger, or Aspergillus oryzae. T. reesei is also known as
Hypocrea jecoring. In Example 3, a transformed yeast comprising an expression cassette, which
expresses a recombinant a-1,2-mannosidases comprising the Trichoderma reesei a-1,2-mannosidase
catalytic domain fused to the Saccharomyces cerevisiea cMAT pre signal sequence, was used to produce
recombinant proteins having reduced O-linked glycosylation. Another example of a recombinant o-1,2-
mannosidase that could be used in the method herein to produce proteins having reduced O-linked
glycosylation is the recombinant 7richoderma reesei o, -1,2-mannosidase disclosed in Maras ef al., 2000,
J. Biotechnol. 77:255-263 wherein the Trichoderma reesei o, -1,2-mannosidase catalytic domain was
fused to a Saccharomyces cerevisiea o-MAT prepro-signal peptide.

The a-1,2-mannosidase can also be produced from a chimeric nucleic acid comprising a
nucleic acid sequence encoding at least the catalytic domain of an a-1,2-mannosidase, which is capable
of trimming multiple mannose residues from an O-linked glycans, operatively linked to a nucleic acid
sequence encoding a cellular targeting signal peptide no<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>