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. A mammalian host cell engineered {o express at least one nucleie acid encoding a
fiusion glycogyliransferase having [(1,4)-N-acefylglucosaminyltransferase IIl activity and the
Golgi localizXjon domain of mannosidase II, in an amount sufficient to modify the
oligosaccharidesN\in the Fe region of a polypeptide produced by said host cell, wherein said
polypeptide is selégted from the group consisting of a whole antibody molecule, an antibody
fragment, and a fudon protein that includes a region equivalent to the Fe region of an
immunoglobudin,

2. A mammalign host cell engincered to express at least one nucleic acid encoding a
{fusion glycosyltransferase Mving B(1,4)-N-acetylglucosaminyltransferase IIT activity and the
Golgl localization domain oNa Golgi resident glycosyltransferase selected from the group
consisting off mannosidase\ I, PB(1,2)-N-acetylglucosaminyltransferase 1, $(1,2)-N-
acetylglucosaminyltransferase 11, dnd al-6 core focosyltransferase, in an amount sufficient to
modify the oligosacchiarides in the Fregion of a polypeptide produced by said host cell, wherein
said polypeptide is selected from the ghgup consisting of a whole antibody molecule, an antibody
fragment, and a fusion protein that ikeludes a region equivaleni to the Fe reglon of an
immunoglobulin,

3. A mammalian host cell engineesed to express at least one nucleic acid encoding a
fusion plycosyltransferase having p(1,4)-galactozyHransferase activity and the Golgi localization
domain of a Golgi resident glycosyltransferad¢ selected from the group consisting of:
mannosidase I, mannosidase 11, P(1,2)-N-adstylglucosaminyliransferase I, B(3,2)-N-
acetylglucosaminyltransferase 1), and 0l-6 core fucoSylirensferase, in an amount sufficient to
modify the oligosaceharides in the Fe region of a polypeMide produced by said hest celf, wherein
said polypeptide is selected from the group consisting of a'hole antibody molecule, an antibody
fragment, and a fusion protein that includes a region quivalent to the Fe region of an
immunoplobulin,

4, The host cell according to any one of claims N3, wherein said polypepfide
produced by said host cell is IgG or a fragment thereofl

5. The host cell according to any one of claims 1-3, Wierein said polypeptide
produced by said host cell s IgG1 or a fragment thereof,

6. The host cell according to any one of claims 1-3, whereil, said polypeplide
produced by said host cell is a fusion protein that includes a region equivalent toythe Fe xegion of
g human IgG.

7. The host cell according to any one of cleims 1-3, wherein said polypeptide
produced by said host cell exhibits increased Fe receptor binding alfinity as a resul§ of said
modification.
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The host cell according to any one of claims 1-3, wherein said polypeptide
producedby said host cell exhibits increased effector function as a result of said modification.

A host cell according to claim 1, wherein said fusion glycosyliransferase

comprises the Satalytic domain of §(1,4)-N-acetylglucosaminyltransferase I11.

10, A YWost cell according to claim 2, wherein said fusion glycosyltransferase
comprises the cataly§e domain of B(1,4)-N-acetylglucosaminyltransferase 1L

1. Ahost
a heterologous Golgi resi

according to claim 10, wherein said Golgi localization domain is from
nf polypeptide,

12, A host cell
comprises the catalytic domain

cording tfo claim 3, wherein said fusion glycosyliransferase
B(1,4}-galactosylnansferase,

13. A host cell accordindiio claim 12, wherein said Golgi localization domain is from
a heterclogous Golgi resident glycosyiransferase,

14. A host cell according to claim 13, wherein said Golgi Jocalization domain is the

localization domain of mannosidase (L

15. A host cell according to claimN]1 or claim 13, wherein said Golgi localization
domain is the Jocalization domain of f(1,2)-N-acdtylglucosaminyltransferase I

16. A host cell according to claim 11 oNclaim 13, wherein said Golgi localization
domain is the localization domain of B(1,2)-N-acetylgih¢osaminyltransferase I1.

17. A host cell according to claim 11 or clam 13, wherein said Golgi localization

domain is the localization domain of mannosidase .

18. A host cell according to claim 11 or claim 13,\vherein said Golgi {ocalization

domain is the localization domain of al-6 core fucosyliransferase,

19. A host cell according to claim 8, wherein said inerqased effector fumction is
inereased Fe-mediated cellular cytotoxicity.

20. A host cell according 1o claim 8, wherein said increased\effector fimetion is

increased binding to NK cells.

21. A host cell according to claim 8, wherein said increased effedtpr function is

increased binding to macrophages.

22. A host cell according to claim 8, whereln said increased effestor
increased binding to polymorphonuclear cells, -
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A host cell according to cleim 8, wherein said increased effector function is
Increasedibinding to manocytes.

increased dendritic %]t maturation.

26. A host
inereased T cell priming,

1 according fo claim &, wherein said increased effector funciion is

27. A host cell adgording to claim 7, wherein said Fc receptor is Foy activating
receptor.

28.  Ahost cell accordind\fo claim 7, wherein said Fc receptor is FeyRIIIA receptor.

29, A host cell according to\any one of claims 1-3, wherein said host cell is a CHO
cell, a BHK cell, a NSO cell, a SP2/0 cel, a YO myeloma cell, 2 PIX63 mouse myeloma cell, 2
PER cell,a PER.C6 cell or a hybridoma ce
30,  The host cell of any one of claityg 1-3, wherein said polypeptide produced by said
host cell is an anti-CD2Q antibody,
31.  Thehost cell of claim 30, wherein saidhanti-CD20 antihody is IDEC-C2BS.

32, Thehost cell of any one of claims 1-3, wirein said polypeptide produced by said
host cell is the chimeric anti-human renal cell carcinoma mnoclonal antibody chG250.

mprising at least one transfected
ent, or a fusion protein that

33.  The host cell of any one of claims 1-3, forther
nucleie 2cid encoding an antibody molecule, an antibody fra
includes a region equivalent o the Fe region of an immuneglobuli

at least one nucleic acid
romoter element,

34.  The host cell of any one of claims I-3, wherein sai
encoding a fusion glycosyltransferase is operably linked to a constitutiv

35. The host cell of claim 33, wherein said at least one transfected nucleic acid
encodes an anti-CD20 antibody, the chimeric anti-human ncuroblastoma mdyoclonal astibody
chCE7, the chimeric anti-human renal cell carcinoma monocional antibody chGA30, the chimeric
anti-human colon, lung, and breast carcinoma monoelonal antibody ING-1, the hmanized anti-
human 17-1A antigen monoclonal antibody 3622W94, the humanized anti-humag colorectal
tumor antibody A33, the anti-human melanoma antibody directed against GD3 ganglisgide R24,
the chimeric anti-human squamous-cell carcinoma moncclonal antibody SF-25, an anl;human
EGFR antibody, an anti-human EGFRVII antibody, an anti-human PSMA antibody, ah, anti-
human PSCA. antibody, an anti-human CD22 aniibody, an anti-human CD30 antibody, an apti-
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humam\CD33 antibody, an anti-human CD38 antibody, an anti-human CD40 antibody, an anti-

human aberran¥(y glycosylated MUCI antibody, an antibody against human fibronectin variants
-B domain, or an anli-human HER2/neu antibody.

a cultoring g mammalian host cell engineered to express at Ieast one nueleic acid
encoding a fusion glycosyNransferase having B(1,4)-N-acetylglucosaminyltransferase IiI activity
and the Golgi localizationN\domain of mannosidase I, under conditions which permit the
produetion of a polypeptide sekected from the group consisting of a2 whole antibody molecule, an
antibody fragment, and a fusion\protein, that includes a region equivalent to the Fe region of an
immunoglobulin, wherein said fusion glycosyltransferase is expressed in an amount sufficient to
modify the oligosaccharides in the F\region of said polypeptide produced by said host cell; and

b. isolating said polypepiide
37. A method for producing a potypeptide in a manmalian host cell, comprising:

engineered to express at least one nucleic acid
¢)-N-acetylglucosaminyltransferase Il activity
ident glycosyliransferase selected from the
tylglucosaminyltransferase I, B(1,2)-N-
ltransferase, under conditions which
aroup consisting of a whole antibody

a culturing a memmalian host cell
encoding a fusion glycosyliransferase having B(1
and the Golgi localization domajn of a Golgi e
group consisting oft mannosidase I, B8(1,2)-N-ade
acetylglucosaminyliransferase I, and al-6 core fucdg
permit the production of a polypeptide selected from {he
molecule, an antibody fragment, and a fusion protein that tgludes a region equivalent to the Fe
region of an immunoglobulin, wherein said fusion glycosyltraxsferase is expressed in an amount
sufficient to modify the oligosaecharides in the Fe region of sNd polypeptide produced by said
host cell; and

b. isolating said polypeptide.
38. A method for producing a polypeptide in a mammalian hoX cell, comprising:

a culturing a mammalian host cell engineered to express at ledgt one nucleic acid
encoding a fusion glycosyltransferase having B(1,4)-galactosyliransferase actiNgy and the Golgi
localization domain of a Golgi resident glycosyltransferase selected from the grong consisting of:
mannosidase [, mannosidase 1II, [((1,2)-N-acetylglucosaminyltransferase

molecule, an antibody fragment, and a fusion protein that includes a region equivalent 10
region of an immunoglobulin, wherein said fusion glycosyliransferase is expressed in an a
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t to modify the oligosaccharides in the Fe region of said polypeptide produced by said
host cell\and

isolating sajd polypeptide.

3%,
comprises the cat

method according to claim 36, wherein said fusion glycosyltransferase
ic domain of B{1,4)-N-acetylglucosaminyltransferase IIT.

40, A meNod according to claim 37, wherein said fusion glycosyitransferase
comprises the catalytic Somain of f(1,4)-N-acetylglucosaminyltransferase 1L

41. A method ackprding to claim 40, wherein said Golgi localization domain is froma
heterolagous Golgi resident phypeptide.

42. A method according to claim 38, wherein said fusion glycosyltransferase
compxises the catalytic domain of Y] ,4)-galactosyltransferase,

43,  Amethod according to
lieterologous Golgi resident polypeptide,

im 42, wherein said Golgi localization domain is froma

44. A method zccording to claind\g3, wherein sald Golgl localization domain is the
loealization domain of mannosidase II.

45, A method according to claim 41 % claim 43, wherein said Golgi localization
domain js the localization domain of B(3,2)-N-acetylxlucosaminyliransferase I.

46. A method according to claim 41 or cldipn 43, wherein said Golgi localization

domain is the localization domain of mannosidase I,

47. A method according fo claim 41 or claim 43 wherein said Golgl localization
domain is the localization domain of B(1,2)-N-acetylglucosamin¥transferase I1.

48, A method according to claim 41 or claim 43, whiein said Golgi localization
domain is the localization domain of al-6 core fucesyltransferase,

49, A method according to any one of claims 36-38, wherel
increased cffector function as a result of said modification.

sajd polypeptide has
50. A method according to claim 49, wherein said increased effigtor function is
increased Fe-mediated cellilar eytotoxicity.

51. A method according fo cleim 49, wherein said increased effector
increased binding to NK celis.
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A method according to claim 49, wherein said increased effector function is
inding to macrophages.

signaling inducing apoptod

56. A method accdpding to claim 49, wherein said increased eifector fumction is
increased dendritic cell maturaty

57. A method accordind\to claim 49, wherein said increased cffector function is

increased T cell priming,.

58. A method according to duy one of clajms 36-38, wherein said polypeptide
produced by said host cell exhibits increasgd Fc receptor binding affinity as a result of said
modification,

59. A method aceording to claim wherein said To receptor is Fc activating

receptor.
60. A method according to claim 58, whereih said Fo receptor is FeyRIIA receptor.

61. A method according to any one of clailkg 36-38, whersin said polypeptide
produced by said host cell has an increased proportion of Wsected oligosaccharides in the Fo
region of said polypeptide.

62. A method according to any one of claims 36-3§, wherein said polypeptide
produced by said host cell has an increased proportion of nonfucosyted oligosaccharides in the
Fc region of said polypeptide.

63. A method according to claim 62, wherein said nonfucosykted oligosaccharides
are hybrid,

64. A method according to claim 62, wherein said nonfucosylated Rligosaccharides
are complex.

65. A method according to any one of claims 36-38, wherein said pylypeptide
produced by said host cell has an increased proportion of bisected, nonfudqsylated
oligosaccharides in the Fe region of said polypeptide,
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6. A method according to claim 65, wherein said bisected, nonfhcosylated
oligosacdharides are hybrid.

the Fe region of said polypeptide are bisected, nonfucosyfated.

70. A method acediding to claim 65, wherein at least 30% of the oligosaccharides in
ihe Fc region of said polypeptidy are bisecied, nonfucosylated,

71. A method according\o claim 65, wherein at least 35% of the oligosaccharides in
the Fe region of said polypeptide are Wjsected, nonfucosylated.
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Claims:

1. A mammalian host cell engineered to express at least one nucleic acid encoding a
fusion glycosyltransferase having B(1,4)-N-acetylglucosaminyltransferase III activity in an
amount sufficient to modify the oligosaccharides in the Fc region of a polypeptide produced by
said host cell, wherein said fusion glycosyltransferase comprises the catalytic domain of 5(1,4)-
N-acetylglucosaminyltransferase III and the Golgi localization domain of mannosidase II,
wherein said polypeptide produced by said host cell is selected from the group consisting of a
whole antibody molecule, an antibody fragment, and a fusion protein that includes a region
equivalent to the Fc region of an immunoglobulin, and wherein said polypeptide produced by
said host cell exhibits increased Fc receptor binding affinity or increased effector function as a
result of said modification.

2. A mammalian host cell engineered to express at least one nucleic acid encoding a
fusion glycosyltransferase having ((1,4)-N-acetylglucosaminyltransferase III activity in an
amount sufficient to modify the oligosaccharides in the Fc region of a polypeptide produced by
said host cell, wherein said fusion glycosyltransferase comprises the catalytic domain of 3(1,4)-
N-acetylglucosaminyltransferase 1l and the Golgi localization domain of a Golgi resident
glycosyltransferase selected from the group consisting oft mannosidase I, ((1,2)-N-
acetylglucosaminyltransferase I, ((1,2)-N-acetylglucosaminyltransferase II, and «l-6 core
fucosyltransferase, wherein said polypeptide produced by said host cell is selected from the
group consisting of a whole antibody molecule, an antibody fragment, and a fusion protein that
includes a region equivalent to the Fc¢ region of an immunoglobulin, and wherein said
polypeptide produced by said host cell exhibits increased Fc receptor binding affinity or
increased effector function as a result of said modification.

3. The host cell according to claim 1 or claim 2, wherein said polypeptide produced
by said host cell is IgG or a fragment thereof.

4, The host cell according to claim | or claim 2, wherein said polypeptide produced
by said host cell is IgG1 or a fragment thereof.

5. The host cell according to claim 1 or claim 2, wherein said polypeptide produced
by said host cell is a fusion protein that includes a region equivalent to the Fc region of a human
IeG.

6. The host cell according to claim 1 or claim 2, wherein said polypeptide produced
by said host cell exhibits increased Fc receptor binding affinity as a result of said meodification.

7. The host cell according to claim 1 or claim 2, wherein said polypeptide produced
by said host cell exhibits increased effector function as a result of said modification.

8. A host cell according to claim 2, wherein said Golgi localization domain is from a
heterologous Golgi resident polypeptide.

9. A host cell according to claim 2, wherein said Golgi localization domain is the
localization domain of 5(1,2)-N-acetylglucosaminyltransferase L.
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10. A host cell according to claim 2, wherein said Golgi localization domain is the
localization domain of 8(1,2)-N-acetylglucosaminyltransferase I1.

11. A host cell according to claim 2, wherein said Golgi localization domain is the
localization domain of mannosidase 1.

12. A host cell according to claim 2, wherein said Golgi localization domain is the
localization domain of «l-6 core fucosyltransferase.

13. A host cell according to claim 7, wherein said increased effector function is
increased Fc-mediated cellular cytotoxicity.

14, A host cell according to claim 7, wherein said increased effector function is
increased binding to NK cells.

15. A host cell according to claim 7, wherein said increased effector function is
increased binding to macrophages.

16. A host cell according to claim 7, wherein said increased effector function is
increased binding to polymorphonuclear cells.

17. A host cell according to claim 7, wherein said increased effector function is
increased binding to monocytes.

18. A host cell according to claim 7, wherein said increased effector function is
increased direct signaling inducing apoptosis.

19. A host cell according to claim 7, wherein said increased effector function is
increased dendritic cell maturation.

20. A host cell according to claim 7, wherein said increased effector function is
increased T cell priming.

21. A host cell according to claim 6, wherein said Fc receptor is Fcy activating
receptor.

22. A host cell according to claim 6, wherein said Fc receptor is FeyRIIIA receptor.

23. A host cell according to claim 1 or claim 2, wherein said host cell is a CHO cell, a
BHK cell, a NSO cell, a SP2/0 cell, a YO myeloma cell, a P3X63 mouse myeloma cell, a PER
cell, a PER.C6 cell or a hybridoma cell.

24, The host cell of claim 1 or claim 2, wherein said polypeptide produced by said
host cell is an anti-CD20 antibody.

25. The host cell of claim 24, wherein said anti-CD20 antibody is IDEC-C2B8.

26.  The host cell of claim 1 or claim 2, wherein said polypeptide produced by said
host cell is the chimeric anti-human renal cell carcinoma monoclonal antibody ¢hG250.
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27. The host cell of claim 1 or claim 2, further comprising at least one transfected
nucleic acid encoding an antibody molecule, an antibody fragment, or a fusion protein that
includes a region equivalent to the Fec region of an immunoglobulin.

28. The host cell of claim 1 or claim 2, wherein said at least one nucleic acid
encoding a fusion glycosyltransferase is operably linked to a constitutive promoter element.

20, The host cell of claim 27, wherein said at least one transfected nucleic acid
encodes an anti-CD20 antibody, the chimeric anti-human neuroblastoma monoclonal antibody
chCE7, the chimeric anti-human renal cell carcinoma monoclonal antibody ¢hG250, the chimeric
anti-human colon, lung, and breast carcinoma monoclonal antibody ING-1, the humanized anti-
human 17-1A antigen monoclonal antibody 3622W94, the humanized anti-human colorectal
tumor antibody A33, the anti-human melanoma antibody directed against GD3 ganglioside R24,
the chimeric anti-human squamous-cell carcinoma monoclonal antibody SF-25, an anti-human
EGFR antibody, an anti-human EGFRvVIII antibody, an anti-human PSMA antibody, an anti-
human PSCA antibody, an anti-human CD22 antibody, an anti-human CD30 antibody, an anti-
human CD33 antibody, an anti-human CD38 antibody, an antl-human CD40 antibody, an anti-
human CD45 antibody, an anti-human CD52 antibody, an anti-human CD138 antibody, an anti-
human HLA-DR variant antibody, an anti-human EpCAM antibody, an anti-human CEA
antibody, an anti-hauman MUC! antibody, an anti-human MUCI core protein antibody, an anti-
human aberrantly glycosylated MUC1 antibody, an antibody against human fibronectin variants
containing the ED-B domain, or an anti-human HER2/neu antibody.

30. A method for producing a polypeptide in a mammalian host cell, comprising;

a. culturing a mammalian host cell engineered to express at least one nucleic acid
encoding a fusion glycosyltransferase having (5(1,4)-N-acetylglucosaminyltransferase III activity
under conditions which permit the production of a polypeptide selected from the group
consisting of a whole antibody molecule, an antibody fragment, and a fusion protein that
includes a region equivalent to the Fc region of an immunoglobulin, wherein said fusion
glycosyltransferase comprises the catalytic domain of 8(1,4)-N-acetylglucosaminyltransferase 111
and the Golgi localization domain of mannosidase II, wherein said fusion glycosyltransferase is
expressed in an amount sufficient to modify the oligosaccharides in the Fc region of said
polypeptide produced by said host cell, wherein said polypeptide produced by said host cell
exhibits increased Fc receptor binding affinity or increased effector function as a result of said
modification; and

b. isolating said polypeptide.
31. A method for producing a polypeptide in a mammalian host cell, comprising:
a. culturing a mammalian host cell engineered to express at least one nucleic acid

encoding a fusion glycosyltransferase having (5(1,4)-N-acetylglucosaminyltransferase III activity
under conditions which permit the production of a polypeptide selected from the group
consisting of a whole antibody molecule, an antibody fragment, and a fusion protein that
includes a region equivalent to the Fc¢ region of an immunoglobulin, wherein said fusion
glycosyltransferase comprises the catalytic domain of 8(1,4)-N-acetylglucosaminyltransferase III
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and the Golgi localization domain of a Golgi resident glycosyltransferase selected from the
group consisting ofi mannosidase 1, B(1,2)-N-acetylglucosaminyltransferase I, £(1,2)-N-
acetylglucosaminyltransferase I, and ol-6 core fucosyltransferase, wherein said fusion
glycosyltransferase is expressed in an amount sufficient to modify the oligosaccharides in the Fc
region of said polypeptide produced by said host cell, wherein said polypeptide produced by said
host cell exhibits increased Fc receptor binding affinity or increased effector function as a result
of said modification; and

b. isolating said polypeptide.

32. A method according to claim 31, wherein said Golgi localization domain is from a
heterologous Golgi resident polypeptide.

33. A method according to claim 31, wherein said Golgi localization domain is the
localization domain of 8(1,2)-N-acetylglucosaminyltransferase L.

34. A method according to claim 31, wherein said Golgi localization domain is the
localization domain of mannosidase 1.

35. A method according to claim 31, wherein said Golgi localization domain is the
localization domain of 3(1,2)-N-acetylglucosaminyltransferase II.

36. A method according to claim 31, wherein said Golgi localization domain is the
localization domain of al-6 core fucosyltransferase.

37. A method according to claim 30 or claim 31, wherein said polypeptide produced
by said host cell has increased effector function as a result of said modification.

38. A method according to claim 37, wherein said increased effector function is
increased Fc-mediated cellular cytotoxicity.

39, A method according to claim 37, wherein said increased effector function is
increased binding to NK cells.

40. A method according to claim 37, wherein said increased effector function is
increased binding to macrophages.

41. A method according to claim 37, wherein said increased effector function is
mmcreased binding to monocytes.

42. A method according to claim 37, wherein said increased effector function is
increased binding to polymorphonuclear cells.

43, A method according to claim 37, wherein said increased effector function is direct
signaling inducing apoptosis.

44, A method according to claim 37, wherein said increased effector function is
increased dendritic cell maturation.
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45, A method according to claim 37, wherein said increased effector function is
mcreased T cell priming.

46. A method according to claim 30 or claim 31, wherein said polypeptide produced
by said host cell exhibits increased Fc receptor binding affinity as a result of said modification.

47. A method according to claim 46, wherein said Fc receptor is Fc activating
receptor.
48. A method according to claim 46 , wherein said Fc receptor is FcyRIIIA receptor.

49, A method according to claim 30 or claim 31, wherein said polypeptide produced
by said host cell has an increased proportion of bisected oligosaccharides in the Fe region of said
polypeptide.

50. A method according to claim 30 or claim 31, wherein said polypeptide produced
by said host cell has an increased proportion of nonfucosylated oligosaccharides in the Fc region
of said polypeptide.

51. A method according to claim 50, wherein said nonfucosylated oligosaccharides
are hybrid.
52. A method according to claim 50, wherein said nonfucosylated oligosaccharides

are complex.

53. A method according to claim 30 or claim 31, wherein said polypeptide produced
by said host cell has an increased proportion of bisected, nonfucosylated oligosaccharides in the
Fe region of said polypeptide.

54, A method according to claim 53, wherein said bisected, nonfucosylated
oligosaccharides are hybrid.

55. A method according to claim 53, wherein said bisected, nonfucosylated
oligosaccharides are complex.

56. A method according to claim 53, wherein at least 20% of the oligosaccharides in
the Fc region of said polypeptide are bisected, nonfucosylated.

57. A method according to claim 53 , wherein at least 25% of the oligosaccharides in
the Fe region of said polypeptide are bisected, nonfucosylated.

58. A method according to claim 53 , wherein at least 30% of the oligosaccharides in
the Fc region of said polypeptide are bisected, nonfucosylated.

59. A method according to claim 53, wherein at least 35% of the oligosaccharides in
the Fc region of said polypeptide are bisected, nonfucosylated.



