Lower eukaryotic cells such as Pichia pastoris that normally cannot use

gal actose as a carbon source but which have been genetically engi neered
according to the nethods herein to use gal actose as a sol e source of carbon
are descrahederiheosal. keriacLrige resiic@in ynigngintearedr ¢CorArRsSraye (reir) of

genet | oy G R Fopel &samzafmﬁ 2 Bt o o
UDP- gal act ose- C4- epi rrerase ag e-1- @&qﬁtgnlgaﬁgﬁgbg% lgl[m&prase

3

and opti oné&) gnteanagaﬁneum@amp@mease. gaeaddi ti onWQ 2@ ed for
| nprovi ng tZ¥epyangied 2650 @2.9LH0bt ei ns phqt have gal &c or
-containing N-glycans in cells that have been genetically enqi neered to

pr Oduce(sﬁhxt%&mo% pldisoMiidladyt 9l ycans havi ngygal o@&t(%ezﬁﬁ%oﬂg{ﬁg (s Whk 6hy
nor mal | y | @ek:gsheosnzy mes00mpzosiong t he Leligioh Ap@,ﬁe v, 0QNREskyDI0360907 (US).
transfor mcrnglm(zoMOIl)s vaMVIanO(mOI)rmre %Cbﬁﬁn? aqge ]R8 En%ﬁggﬂ

gal act oki ridg®!>6 opligal GEBLEASYDI ner asepoaite GORP2 @g,cﬁagngf}n RAQSP
uridylt r andrerHdE Hhe wg?%é(és %ﬂ%lmﬁost cel ]k)rngel@scm)assbew ep)abl e the pr esence

or | ack@bfIntenatiopghpppli¢agiontNympessi mi | at e BREnRS shiteS BLIECE AR TBLDO, [ 0
maki ng reconbi nant cells. ThECTﬂéstzW%?g ngsq)the,&%f@e&ibémge]@n SO0WD. ngmeﬁfn . be

parti cuRariptyrnged Glingfate: maki ng | mmnogl obul hasATand AZheA, [BBkRG, BHaRR, BRVEY, BZ,

2 0424.0 ) A. CH. CL. CN, CO, CR, CU. CZ, DE, DK, DM, DO,
gal act ose-term nated or ‘b‘fﬁﬁ“ﬁlaé}’zﬁi g RGPy can S e B 50, BS. B OB O b GH. OM. O,

(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, ILA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
o ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
61/208,582 25 February 2009 (25.02.2009) Us SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

1

(72)
(73)

Applicant (for all designated States except US): MER-
CK SHARP & DOHME CORP. [US/US]; 126 East
Lincoln Avenue, Rahway, New Jersey 07065-0907 (US).

Inventors; and
Inventors/Applicants (for US only): DAVIDSON,
Robert, C. [US/US]; 126 East Lincoln Avenue, Rahway,

84)

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

New Jersey 07065-0907 (US). BOBROWICZ, Piotr
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

[PL/US]; 126 East Lincoln Avenue, Rahway, New Jersey

[Continued on next page]

(54) Title: METABOLIC ENGINEERING OF A GALACTOSE ASSIMILATION PATHWAY IN THE GLYCOENGINEERED
YEAST PICHIA PASTORIS

(57) Abstract: Lower eukaryotic cells such as Pichia pas-
toris that normally cannot use galactose as a carbon source
but which have been genetically engineered according to
the methods herein to use galactose as a sole source of
carbon are described. The cells are genetically engineered
to express several of the enzymes comprising the Leloir
pathway. In particular, the cells are genetically engineered
to express a galactokinase, a UDP-galactose-C4-
epimerase, and a galactose-1-phosphate uridyltransferase,
and optionally a galactose permease. In addition, a method
is provided for improving the yield of glycoproteins that
have galactose-terminated or -containing N-glycans in
cells that have been genetically engineered to produce gly-
coproteins with N-glycans having galactose residues but
which normally lack the enzymes comprising the Leloir
pathway comprising transforming the cells with one or
more nucleic acid molecules encoding a galactokinase, a
UDP-galactose-C4-epimerase, and a galactose-1-phos-
phate uridyltransferase. The methods and host cells de-
scribed enable the presence or lack of the ability to assimi-
late galactose as a selection method for making recombi-
nant cells. The methods and host cells are shown herein to
be particularly useful for making immunoglobulins and
the like that have galactose-terminated or containing N-
glycans.
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