CLAIMS
1. A method of making a Yarrowia lipolytica cell for producing proteins comprising
GlcNAcMan;GleNAc, N-glycans, said method comprising:

a} providing a Yarrowia lipolytica cell genetically engineered to produce proteins
comprising Man;GleNAc, N-glycans;

b) introducing into said cell a nucleic acid encoding a GlcNAc-transferase I, wherein said
nucleic acid comprises a nucleotide sequence encoding a targeting sequence to target said encoded
GlcNAc-transferase [ to an intracellular compartment, wherein expression of said GleNAc-
transferase 1 in said Yarrowia lipolytica cell produces proteins comprising GleNAcMans;GleNAc,

N-glycans.

2. The method of claim 1, said method further comprising introducing into said cell a nucieic acid
encoding a target protein, wherein said cell produces said target protein modified to comprise said

GleNAcMan;GleNAce, N-glycans.

3. The method of claim 1, wherein said target protein binds to an Fc receptor.

4. The method of claim 1, wherein said target protein is an antibody or fragment thereof.

5. The method of claim 1, wherein said target protein is a therapeutic glycoprotein.

6. The method of claim 1, wherein said target protein is Interferon-f, GM-CSF, Interferon-vy, or

erythropoietin.

7. The method of claim 1, wherein said intracellular compartment is the Golgi apparatus.

8. The method of claim 1, wherein said Yarrowia lipolytica cell genetically engineered to produce
proteins comprising Man;GleNAc; N-glycans is deficient in ALG3 activity, and comprises a
nucleic acid encoding an a-1,2-mannosidase, said nucleic acid comprising a nucleotide sequence
encoding a targeting sequence fo target the encoded a-1,2-mannosidase to the endoplasmic

reticulam.

9. The method of claim 8, wherein said Yarrowia lipolytica cell genetically engineered to produce

proteins comprising Man;GlcNAe, N-glycans further is deficient in OCHI activity.
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10. The method of claim 8 or 9, wherein said Yarrowia lipolytica cell genetically engineered to
produce proteins comprising Man;GleNAc, N-glycans further comprises a nucleic acid encoding an

a-1,3-glucosyltransferase.
11. The method of claim 10, wherein said a-1,3-glucosyltransferase is ALG6.

12. The method of claim 1, said method further comprising introducing into said cell a nucleic acid
encoding a GleNAc-transferase 1I, wherein said nucleic acid encoding said GlcNAc-transferase H
comprises a nucleotide sequence encoding a targeting sequence to target the encoded GleNAc-
transferase Il to an intracellular compartment, wherein expression of said GleNAc-transferase Il in

said Yarrowia lipolytica cell produces proteins comprising GleNAcMan;GleNAc; N-glycans.

13. The method of claim 1 or claim 12, said method further comprising introducing into said cell a
nucleic acid encoding a galactosyltransferase, wherein said nucleic acid encoding said
galactosyltransferase comprises a nucleotide sequence encoding a targeting sequence to target the
encoded galactosyltransferase to the Golgi apparatus, wherein expression of said
galactosyltransferase in said Yarrowia lipolytica cell produces proteins comprising

GalGlecNAcMan;GieNAc; or GalbGleNAc;Man;GleNAc, N-glycans.

14, The method of claim 13, said method further comprising introducing into said cell a nucleic
acid encoding a target protein, wherein said cell produces said target protein modified to comprise

said GalGleNAcMan:GleNAc, or Gal,GleNAc;Man;GleNAc, N-glycans.

15. The method of claim 13, wherein said galactosyltransferase is a fusion of a UDP-Glc-4-

epimerase and catalytic domain of a f-1,4-galactosyltransferase L.

16. The method of claim 13 said method further comprising introducing into said cell a nucleic acid
encoding the o and B subunits of a Glucosidase II, wherein expression of said a and f subunits of
said Glucosidase 1l in said Yarrowia lipolytica cell produces proteins comprising

GalGleNAcMan,GlcNAce, or Gal,GleNAce;Man;GleNAc; N-glycans.
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17. A method of producing a Yarrowia lipolytica cell for producing proteins comprising
GleNAcMansGlcNAc; N-glycans, said method comprising:

a) providing a Yarrowia lipolytica cell genetically engineered to produce proteins
comprising MansGicNAc; N-glycans;

b) introducing into said cell a nucleic acid encoding a GleNAc-transferase I, wherein said
nucleic acid comprises a nucleotide sequence encoding a targeting sequence to target the encoded
GleNAc-transferase 1 to an intracellular compartment, wherein expression of said GlcNAc-
transferase I in said Yarrowia lipolytica cell produces proteins comprising GleNAcMan;sGleNAc,

N-glycans.

18. The method of claim 17, said method further comprising introducing into said cell a nucleic
acid encoding a target protein, wherein said cell produces said target protein modified to comprise
said GleNAcMansGleNAce; N-glycans.

19. The method of claim 18, wherein said target protein binds to an Fe receptor.

20. The method of claim 19, wherein said target protein is an antibody or fragment thereof.

21. The method of claim 18, wherein said target protein is a therapeutic glycoprotein.

22. The method of claim 18, wherein said target protein is Interferon-f, GM-CSF, Interferon-y, or

ervthropoietin.

23. The method of claim 17, wherein said intracetlular compartment is the Golgi apparatus.

24. The method of claim 17, wherein said Yarrowia lipolytica cell genetically engineered to
produce proteins comprising MansGleNAc; N-glycans is deficient in OCH1 activity and comprises
a nucleic acid encoding an ¢-1,2-mannosidase, wherein said nucleic acid encoding said a-1,2-
mannosidase comprises a nucleotide sequence encoding a targeting sequence to target the encoded

a-1,2-mannosidase to the endoplasmic reticulum.

25. The method of claim 24, wherein said targeting sequence is an HDEL sequence.
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26. The method of claim 17, said method further comprising introducing into said cell a nucleic
acid encoding a mannosidase 11, wherein said nucleic acid encoding said mannosidase 1I comprises
a nucleotide sequence encoding a targeting sequence to target the encoded mannosidase I to the
Golgi apparatus, wherein expression of said mannosidase Il in said Yarrowia lipolytica cell

produces proteins comprising GleNAcMans;GIcNAc,; N-glycans.

27. The method of claim 17 or claim 26, said method further comprising introducing into said cell a
nucleic acid encoding a galactosyltransferase, wherein said nucleic acid encoding said
galactosyltransferase comprises a nucleotide sequence encoding a targeting sequence to target the
encoded galactosyltransferase to the Golgi apparatus, wherein expression of said
galactosyltransferase in said Yarrowia lipolyiica cell produces proteins comprising

GalGleNAcMan;GleNAc; or GalGleNAcMan;GleNAc; N-glycans.

28. The method of claim 27, said method further comprising introducing into said cell a nucleic

acid encoding a target protein, wherein said cell produces said target protein modified to comprise

said GalGleNAcMansGleNAc, or GalGleNAcManyGleNAe, N-glvcans.

29. The method of claim 27, wherein said galactosyltransferase is a fusion of a UDP-Glc-4-

epimerase and the catalytic domain of a f-1,4-galactosyltransferase L.

30. The method of claim 28, further comprising isolating said target protein modified to comprise

said GalGleNAcMansGIcNAc, or GalGleNAcMansGleNAc, N-glycans.

31. A method of producing a target protein comprising GleNAcMan;GleNAc, N-glycans, said
method comprising:

a) providing a Yarrowia lipolytica cell genetically engineered to comprise a nucleic acid
encoding a GlcNAc-transferase I, an ¢-1,2-mannosidase, and a mannosidase 1I, wherein said
nucleic acid comprises nucleotide sequences encoding targeting sequences to target each encoded
protein to an intracellular compartment, wherein said Yarrowia lipolytica cell 1s deficient in OCH1
activity; and

b) introducing into said cell a nucleic acid encoding a target protein, wherein said cell

produces said target protein comprising said GleNAcMan;GleNAc; N-glycans.
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32. The method of claim 31, wherein said nucleic acid encoding said ¢-1,2-mannosidase comprises
an endoplasmic reticulum targeting sequence to target the encoded a-1,2-mannosidase to the

endoplasmic reticulum.

33. The method of claim 32, wherein said targeting sequence is an HDEL sequence.

34. The method of claim 31, wherein said nucleic acid encoding said GleNAc-transferase I and said
mannosidase II comprises nucleotide sequences encoding Golgi targeting sequences to target the

encoded GleNAc-transferase I and mannosidase 11 to the Golgi apparatus.

35. The method of claim 31, wherein said target protein binds to an Fc¢ receptor.

36. The method of claim 31, wherein said target protein is an antibody or fragment thereof.

37. The method of claim 31, wherein said target protein is a therapeutic glycoprotein.

38. The method of claim 31, wherein said target protein is Interferon-f, GM-CSF, Interferon-y, or

erythropoietin.

39. The method of claim 31, further comprising introducing into said cell a nucleic acid encoding a
galactosyltransferase, wherein said nucleic acid encoding said galactosyltransferase comprises a
nucleotide sequence encoding a targeting sequence to target the encoded galactosyltransferase to the
Golgi apparatus, wherein expression of said galactosyltransferase in said Yarrowia lipolytica cell

produces said target protein modified to comprise GalGleNAcMan;GleNAc; N-glycans.

40. The method of claim 39, further comprising isolating said target protein modified to comprise

said GalGleNAcMan;GicNAc, N-glycans.

41. A method of producing a target protein comprising Gal,GleNAc;Man;GleNAc, N-glycans, said
method comprising:

a) providing a Yarrowia lipolytica cell genetically engineered to be deficient in ALG3
activity and comprising a nucleic acid encoding a GleNAc-transferase 1, a GlcNAc-transferase II,

and a galactosyltransferase, wherein said nucleic acid encoding said GleNAc-transferase 1, said
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GlcNAc-transferase 1, and said galactosyltransferase comprises nucleotide sequences encoding
targeting sequences to target cach encoded protein to an intracellular compartment;
b) introducing into said cell a nucleic acid encoding a target protein, wherein said cell

produces said target protein comprising said Gal;GleNAc,Man;GleNAc,; N-glycans.

42. The method of claim 41, wherein said Yarrowia lipolytica cell further is deficient in OCHI

activity.

43. The method of claim 41 or 42, wherein said Yarrowia lipolytica cell further comprises a nucleic

acid encoding an a¢-1,3-glucosyltransferase.

44, The method of claim 43, wherein said nucleic acid encoding said a-1.3-glucosyltransferase is

ALGO.

45. The method of claim 41, claim 42, or claim 43, wherein said Yarrowia lipolytica cell further
comprises a nucleic acid encoding the o and f subunits of a Glucosidase II, wherein expression of
said « and f# subunits of said Glucosidase I in said Yarrowia lipolytica cell produces said target

protein comprising said GaloGleNAc,Man;GieNAce; N-glycans.

46. An isolated Yarrowia lipolviica cell genetically engineered to produce proteins comprising
GlcNAcMansGleNAc, N-glycans, wherein said Yarrowia lipolytica cell is deficient in OCHI
activity and comprises a nucleic acid encoding an a-1,2-mannosidase, a GlcNAc-transferase I, and a
mannosidase II, wherein said nucleic acid encoding said o-1,2-mannosidase, said GlcNAc-
transferase I, and said mannosidase II comprises nucleotide sequences encoding targeting sequences
to target each encoded protein to an intracellular compartment, wherein expression of said o-1,2-
mannosidase, said GlcNAc-transferase I, and said mannosidase I in said Yarrowia lipolytica cell

produces proteins comprising GleNAcMan;GleNAc, N-glycans.
47. The Yarrowia lipolytica cell of claim 46, wherein said genetically engineered Yarrowia

lipolytica cell further comprises a nucleic acid encoding a target protein, wherein said cell produces

said target protein modified to comprise said GleNAcMan3;GleNAc; N-glycans.
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48. The Yarrowia lipolytica cell of claim 46 or claim 47, wherein said genetically engineered
Yarrowia lipolytica cell further comprises a nucleic acid encoding a GlcNAc-transferase 11, wherein
said nucleic acid encoding said GlcNAc-transferase II comprises a nucleotide sequence encoding a
targeting sequence to target the encoded GlcNAc-transferase 1l to an intracellular compartment,
wherein expression of said GleNAc-transferase Il in said Yarrowia lipolytica cell produces proteins

comprising GleNAc,Mans;GleNAc, N-glycans.

49, The Yarrowia lipolvtica cell of claim 48, wherein at least 50%, at least 70%, or at least 85% of
the N-glycans on said glycoprotein are GleNAc;Man;GleNAce; N-glycans.

50. The Yarrowia lipolytica cell of claim 48 or 49, said Yarrowia lipolytica cell further comprising
a nucleic acid encoding a galactosyltransferase, wherein said nucleic acid encoding said
galactosyltransferase comprises a nucleotide sequence encoding a targeting sequence to target the
encoded galactosyltransferase to the Golgi apparatus, wherein expression of said
galactosyltransferase in said Yarrowia lipolytica cell produces proteins comprising

GaloGleNAc;ManyGleNAc, N-glycans.

51. Anisolated Yarrowia lipolytica cell genetically engineered to produce proteins comprising
GlcNAc;Man;GleNAc, N-glycans, wherein said Yarrowia lipolyvtica cell is genetically engineered
to be deficient in ALG3 activity and comprises a nucleic acid encoding a GleNAc-transferase I and
a GlcNAc-transferase II, wherein said nucleic acid encoding said GleNAc-transferase | and said
GlcNAc-transferase Il comprises nucleotide sequences encoding targeting sequences to target each
encoded protein to an intracellular compartment, wherein expression of said GleNAc-transferase I,
and said GleNAc-transferase 1l in said Yarrowia lipolytica cell produces proteins comprising

GleNAcMan;GleNAc, N-glycans.

532. The Yarrowia lipolytica cell of claim 51, wherein said genetically engineered Yarrowia

lipolytica cell further ts deficient in OCHI activity.

53. The Yarrowia lipolytica cell of claim 51 or claim 52, wherein said genetically engineered

Yarrowia lipolytica cell further comprises a nucleic acid encoding an a-1,3-glucosyltransferase.
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54. The Yarrowia lipolytica cell of claim 51, claim 52, or ¢claim 53, wherein said genetically
engineered Yarrowia lipolytica cell further comprises a nucleic acid encoding a target protein,
wherein said cell produces said target protein modified to comprise said GleNAc;MansGleNAc, N-

glycans.

55. The Yarrowia lipolytica cell of any one of claims 51-54, said Yarrowia lipolytica cell further
comprising a nucleic acid encoding the a and £ subunits of a Glucosidase II, wherein expression of
said a and f§ subunits of said Glucosidase Il in said Yarrowia lipolvtica cell produces said protein

comprising said GleNAc,Mans;GleNAc,; N-glycans.

56. The Yarrowia lipolytica cell of any one of claims 51-55, wherein at least 50%, at least 70%, or

at least 85% of the N-glycans on said glycoprotein are GleNAc,Man;GleNAc, N-glycans.

57. The Yarrowia lipolytica cell of claim 55 or 56, said Yarrowia lipolytica cell further comprising
a nucleic acid encoding a galactosyltransferase, wherein said nucleic acid encoding said
galactosyltransferase comprises a nucleotide sequence encoding a targeting sequence to target the
encoded galactosyltransferase to the Golgi apparatus, wherein expression of said
galactosyltransferase in said Yarrowia lipolytica cell produces proteins comprising

Gal,GleNAcyManyGleNAc; N-glycans.

58. A substantially pure culture of Yarrowia lipolytica cells, a substantial number of which are
genetically engineered to produce glycoproteins comprising GaloGleNac,ManyGleNAc, N-glycans,
wherein said cells are genetically engineered to be deficient in ALG3 activity and comprise a
nucleic acid encoding a GlcNAc-transferase 1, a GleNAc-transferase 11, and a galactosyltransferase,
wherein said nucleic acid encoding said GleNAc-transferase 1, said GlcNAc-transferase I, and said
galactosyltransferase comprises nucleotide sequences encoding targeting sequences to target each
encoded protein to an intracetlular compartment, wherein expression of said GleNAc-transferase 1,
said GlcNAc-transferase 11, and said galactosyltransferase in said cell produces proteins comprising

Gal,GleNAc;Man3GleNAc, N-glycans,

59. The substantially pure culture of claim 58, wherein said cells further are deficient in OCH1

activity.
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60. The substantially pure culture of claim 58 or claim 59, wherein said cells further comprise a

nucleic acid encoding an a-1,3-glucosyltransferase.

61. The substantially pure culture of claim 38, claim 59, or claim 60, wherein said cells further
comprise a nucleic acid encoding the o and § subunits of a Glucosidase II, wherein expression of
said a and f subunits of said Glucosidase II in said Yarrowia lipolytica cell produces said target

protein comprising said Gal,GleNAc,Man;GleNAc; N-glycans.

62. A substantially pure culture of Yarrowia lipolytica cells, a substantial number of which are
genetically engineéred to produce glycoproteins comprising Gal,GleNAc,ManzGleNAc, N-glycans,
wherein said cells are genetically engineered to be deficient in OCHI activity and comprise a
nucleic acid encoding an a-1,2-mannosidase, a GleNAc-transferase I, a mannosidase I, a GlcNAc-
transferase I, and a galactosyltransferase, wherein said nucleic acid encoding said a-1,2-
mannosidase, said GleNAc-transferase [, said mannosidase I, said GleNAc-transferase 11, and said
galactosyltransferase comprises nucleotide sequences encoding targeting sequences to target each
encoded protein to an intracellular compartment, wherein expression of said a-1,2-mannosidase,
said GlcNAc-transferase I, said mannosidase I, said GicNAc-transferase 11, and a
galactosyltransferase in said cells produces proteins comprising Gal:GleNAc,Man;GleNAc; N-

glycans,

63. A composition comprising a glycoprotein, wherein at least 50% of the N-glycans on said
glycoprotein are GleNAc,MansGleNAc; N-glycans; and wherein the glycoprotein has been

produced using a genetically engineered Yarrowia lipolytica cell.

64. The composition of claim 63, wherein at least 70% of the N-glycans on said glycoprotein are
GleNAc;Mans;GlcNAe; N-glycans; and wherein the glycoprotein has been produced using a

genetically engineered Yarrowia lipolytica cell.
65. The composition of claim 63, wherein at least 85% of the N-glycans on said glycoprotein are

GleNAcManyGleNAc, N-glycans; and wherein the glycoprotein has been produced using a

genetically engineered Yarrowia lipolytica cell.
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WHAT IS CLAIMED IS:

1. A method of producing a fungal cell capable of producing proteins comprising
GicNAcMansGlcNAc, N-glycans, said method comprising:

a) providing a fungal cell genetically engineered to produce proteins compris%ﬂé
MansGlecNAc, N-glycans;

b) introducing into said cell a nucleic acid encoding a GlcNAc-transfergéé 1,
wherein said nucleic acid comprises a nucleotide sequence encoding a targqtii;g sequence
to target the encoded GleNAc-transferase 1 to an mtracellular compartmqn’t; wherein
expression of said GleNAc-transferase 1 in said fungal cell produces grééteins comprising

GlcNAcMansGicNAc, N-glycans.

2. The method of claim 1, said method further comprisimg ir}tfbduci.ng into said cell a
nucleic acid encoding a target protein, wherein said cell p;rdziuces said target protein
modified to comprise said GlcNAcMansGleNAc, N-gliyf;ans‘

3. The method of ¢claim 2, wherein said target p;o'téin binds to an Fc receptor.

4. The method of claim 3, wherein said tagg‘ét protein is an antibody or fragment thereof.

5. The method of claim 2, wherein sai'd target protein is a therapeutic glycoprotein.

6. The method of claim 2, wherein said target protein is Interferon-B, GM-CSF,

Interferon v, or erythropoietiti.'
7. The method of clai;:f’i 1, wherein said intracellular compartment is the Golgi apparatus.

8. The method of claim 1, wherein said fungal cell genetically enginecred to produce

proteins compfising MansGlcNAc; N-glycans is deficient in OCH1 activity and

- comprises 4 nucleic acid encoding an ¢-1,2-mannosidase, wherein said nucleic acid

encoding said ¢-1,2-mannosidase comprises a nucleotide sequence encoding & targeting

sequéhce to target the encoded ¢-1,2-mannosidase to the endoplasmic reticulum.,
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9. The method of claim &, wherein said targeting sequence is an HDEL sequence.
10. The method of claim 1, wherein said fungal celi is Yarrowia fipolytica or Arxula

adeninivorans.

11. The method of claim 1, said method further comprising introducing inﬂ}-éé.id cella
nucleic acid encoding a mannosidase II, wherein said nucleic acid encodeifné said
mannosidase If comprises a nucieotide sequence encoding a targeting‘fs’éi:luence to target
the encoded mannosidase 11 to the Golgi apparatus, wherein expres_sibn of said
mannosidase II in said fungal cell produces proteins comprising&,.dlcNAcMangGlcNAcz

N-glycans.
o

12, The method of claim | or claim 11, said method ﬁgﬁher comprising introducing into

said cell a nucleic acid encoding a ga}actosyltransfggeiée, wherein said nucleic acid
encoding said galactosyltransferase comprises a pﬂi:leotide sequence encoding a targeting
sequence to target the encoded galactosyltran@féfase to the Golgi apparatus, wherein
expression of said galactosyltransferase in_§é§d fungal cell produces proteins comprising

GalGleNAcMansGlecNAc, or GakGlcNAcfi\/Ian;;GlcNAcz N-glycans.

13. The method of claim 12, saidj;r'fiethod further comprising introducing into said cell a
nucleic acid encoding a target Qrbtein, wherein said cell produces said target protein
modified to comprise said C}ziiGlcNAcMansGlcNAcz or GalGlcNAcManiGleNAc¢, N-
glycans.
14. The method of Claim 12, wherein said galactosyltransferase is a fusion of a UDP-
Glc-4-epimerasg.r‘§nd the catalytic domain of a B-1,4-galactosyltransferase 1.

‘ rj.ﬁ"‘ .
15. The method of claim 13, further comprising isolating said target protein modified to
compr;§éJsaid GalGlcNAcMansGleNAc, or GalGleNAcMan;GleNAc, N-glycans.
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16. A method of producing a target protein comprising GleNAcManaGicNAc; N- /r

a) providing a fungal cell genetically engineered to comprise a nucleic ac;d

glycans, said method comprising:

encoding a GleNAc-transferase 1, an ¢-1,2-mannosidase, and a mannosidase II; ?{Mherein
said nucieic acid comprises nucleotide sequences encoding targeting sequegcf’gs to target
each encoded protein to an intracellular compartment, wherein said ﬁmggfceil is
deficient in OCHI activity; and

b) introducing into said cell a nucleic acid encoding a target;_p;otein, wherein said

cell produces said target protein comprising said GleNAcMan 3G_1.CNA02 N-glycans.

17. The method of claim 16, wherein said fungal cell is Yagﬂi;)wia lipolytica or Arxula

adeninivorans.

18. The method of claim 16, wherein said nucleic acid encoding said o-1,2-mannosidase
comprises an endoplasmic reticulum targeting se_iq"hence to target the encoded o-1,2-
mannosidase to the endoplasmic reticulum, .~

;

19. The method of claim 18, wherein sa/id&targeting sequence is an HDEL sequence.

20. The method of claim 16, wher@iﬁ said nucleic acid encoding said GicNAc-
transferase I and said mannosidq_s’é IT comprises nucleotide sequences encoding Golgi
targeting sequences to target the encoded GloNAc-transferase I and mannosidase 1 to the

Golgi apparatus.
21. The method of cl_;;ifn 16, wherein said target protein binds to an Fc receptor.

22. The method,o‘f claim 16, wherein said target protein is an antibody or fragment

thereof.

23. The_‘:_x'r;ethod of claim 16, wherein said target protein is a therapeutic glycoprotein.
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24. The method of claim 16, wherein said target protein is Interferon-p, GM-CSF,
Interferon 7, or erythropoietin, 4

25. The method of claim 16, further comprising introducing into said cell q‘fﬁiicieic acid
encoding a galactosyliransferase, wherein said nucleic acid encoding saigifﬁ
galactosyltransferase comprises a nucleotide sequence encoding a targﬁfing sequence to
target the encoded galactosyltransferase to the Golgi apparatus, wh{;féin expression of
said galactosyliransferase in said fungal cell produces said mrgetﬁfi;otein modified to

comprise GalGleNAcMan;GleNAc; N-glycans.

26. The method of claim 23, further comprising isolating*ﬁaid target protein modified to

comprise said GalGleNAcManaGleNAc; N-glycans.

27. A method of making a fungal cell capable qf'i;roducing proteins comprising
GleNAcMan;GIcNAc, N-glycans, said method fcomprising:

a) providing a fungal cell geﬂeticailyféngineered to produce proteins comprising
Man:GIcNAc, N-glycans, ,

b) introducing into said cell a_‘nﬂcleic acid encoding a GlcNAc-transferase I,
wherein said nucleic acid comprisgs';a nucleotide sequence encoding a targeting sequence
to target said encoded GlcNAc—j:f;nsferase Ito an intracellular compartment, wherein
expression of said GICNAc~t§a1’£5ferase Iin said fungal cell produces proteins comprising

GlcNAcMan:GleNAc; Nfgigrcans.

28. The method of Qia‘iim 27, said method further comprising introducing into said cell a
nucleic acid en.co@iﬁg a target protein, wherein said cell produces said target protein

modified to corpj;rise said GicNAcManzGleNAc, N-glycans.

29. The Igrif%hod of claim 27, wherein said target protein binds to an Fc receptor.

,/ﬁ
30. The method of ¢laim 27, wherein said target protein is an antibody or fragment

th@’ifeof .
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125 31. The method of claim 27, wherein said target protein is a therapeutic glycoprgféin.
126 ;
127 32. The method of claim 27, wherein said target protein is Interferon-B, GI’;&I{CSF,
128 Interferon v, or erythropoietin. .‘_;f
129
130 33. The method of claim 27, wherein said intracellular comparﬁneptfis the Golgi
131 apparatus,
132 ‘_
133 34. The method of claim 27, wherein said fungal cell genqa;if;‘ally engineered to produce
134 proteins comprising ManyGleNAc, N-glycans is cieﬁ.cie;;t’% ALG3 activity, and
135 comprises a nucieic acid encoding an u—l,Z-mannosi(}i‘agé, said nucleic acid comprising a
136 nucleotide sequence encoding a targeting sequencc}gt’g target the encoded ¢-1,2-
137 mama_dsidase to the endoplasmic reticulum.
138
139 35. The method of claim 34, wherein sai.d}ﬁihgai cell genetically engineered to produce
140 proteins comprising ManaGleNAc, N—g!y‘éans further is deficient in OCHI activity.
141
142 36. The method of claim 34 or 35 _,f,ii;herein said funga! cell genetically engineered to
143 produce proteins comprising Mgﬁ;GlcNAcg N-glycans further comprises a nucleic acid
144 encoding an o-1,3 —glucosyltrgﬁ;ferase.
145
146 37. The method of claif_r_n'ﬁfaé, wherein said o-1,3~glucosyltransferase 1s ALG6.
147 I
148 38. The method of’élaim 27, wherein said fungal cell is Yarrowia lipolvtica or Arxula
149 adeninivorans.
150 7/
151 39. The meihod of claim 27, said method further comprising introducing into said cell a
152 nucleic ‘___a"c':ici encoding a GleNAc-transferase If, wherein said nucleic acid encoding said
153 GlcN,fi@transferase I comprises a nucleotide sequence encoding a targeting sequence to
154 tagg’ét the encoded GlcNAc-transferase Il to an intracellular compartment, wherein




/
155 expression of said GicNAc-transferase 11 in said fungal cell produces protems comp‘g;i‘gfing
156 GleNAc,Man,GleNAc¢; N-glycans. j,f"j
157 |
158 40, The method of claim 27 or claim 39, said method further comprising in:cr‘i;ducing nto
150 said cell a nucleic acid encoding a galactosyltransferase, wherein said nu{;li:ic acid
160 encoding said galactosyltransferase comprises a nucleotide sequence gﬁéoding a targeting
161 sequence to target the encoded galactosyltransferase to the Golgi agpgtratus, wherein
162 expression of said galactosyltransferase in said fungal cell produpé:g proteins comprising
163 GalGicNAcMan;GlecNAc; or Gal,GleNAc;MansGleNAc; N—_gi‘j;*cans.
164
165 41. The method of claim 40, said method further compr:isflig mtroducing into said cell a

166 nucleic acid encoding a target protemn, wherein said cg:ﬁ produces said target protein

167 modified to comprise said GalGlcNAcMangGlch\?d; or Gal,GicNAcManGlcNAg, N-

168 glycans.

169 _,

170 42, The method of claim 40, wherein said_,,g"éiactosyltransferase is a fusion of a UDP-
171 Glec-4-epimerase and catalytic domain Qfé f-1,4-galactosyltransferase 1,

s

173 43. The method of claim 40 said méthod. further comprising introducing into said cell a
174 nucleic acid encoding the @ a.ndB subunits of a Glucosidase II, wherein expression of
175 said o and  subunits of said _Giucosidase IT in said fungal cell produces proteins

176 comprising GalGlcNAcM:aﬁgGicNACQ or GalyGlcNAc,Man;GleNAc,; N-glycans.
177

178 44, A method of prqc’fucing a target protein comprising Gal,GlcNAc;ManaGleNAc; N-

179 giycans, said rnet_héfd comprising:

180 a) provi_di.hg a fungal cell genetically engineered to be deficient in ALG3 activity
181 and compris_irig a nucleic acid encoding a GleNAc-transferase I, a GleNAc-transferase I,
182 and a galaéiosyltransferase, wherein said nucleic acid encoding said GleNAc-transferase
183 L said__G'icNAc—transferase II, and said galactosyliransferase comprises nucleotide

184 squéilces encoding targeting sequences to target each encoded protein to an intracellular
185 qpﬂﬁp ariment;
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186 b) introducing into said cell a nucletc acid encoding a target protein, wherein s%fﬁ
187 cell produces said target protein comprising said Gal;GleNAc,ManaGlcNAc, N—glygéihs.
- x

189 45. The method of claim 44, wherein said fungal cell further is deficient in OCHl

180 activity.

191

162 46. The method of claim 44 or 45, wherein said fungal cell further cqﬁﬁaﬁses a nucleic
193 acid encoding an o-1,3-glucosyltransferase.

194

195 47. The method of claim 46, wherein said nucleic acid encodmg said a-1,3-

196 glucosyltransferase is ALGS.

197

198 48. The method of claim 44, claim 45, or claim 46, Wherem said fungal cell further

199 comprises a nucleic acid encoding the o and B su‘ounlts of a Glucosidase 11, wherein
200 expression of said o and [ subunits of said GEgoos:tdase II in said fungal cell produces
201 said target protein comprising said Gal.zGlclﬂxf'&iCZMangGlcNAcz N-glycans.

202 )

203 49. An isolated fungal cell gen.eticallx;éi}gincerad to produce protemns comprising

204 GleNAcManiGleNAc, N-glycans, Wﬂerein satd fungal cell is deficient in OCH]I activity

205 and comprises a nucleic acid engg)’&ing an ¢-1,2-mannosidase, a GleNAc-transferase I,
206 and a mannosidase I1, whereig:ﬁ;tid nucleic acid encoding said a-1.2-mannosidase, said
207 GlcNAc-transferase I, and bdld mannosidase I comprises nucleotide sequences encoding
208 targeting sequences to target cach encoded protein to an intracellular compartment,

209 wherein expression ofsald ¢-1,2-mannosidase, said GleNAc-transferase 1, and said

210 mannosidase H in ‘gafid fungal cell produces proteins comprising GleNAcMan:GleNAc,
241 N-glycans.

212

213 50. The fuﬁ'éal cell of claim 49, wherein said genetically engineered fungal cell further
214 compnses a nucleic acid encoding a target protein, wherein said cell produces said target

215 protem modified to comprise said GleNAcMan:GleNAc; N-glycans.
216
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51. The fungal cell of claim 49 or claim 50, wherein said genetically engineered fungfa”iﬁ
cell further comprises a nucleic acid encoding a GleNAc-transferase I, wherein Sdl@f
nucleic acid encoding said GlcNAc-transferase II comprises a nucleotide scque{}ﬁ’g
encoding a targeting sequence to target the encoded GlcNAc-transferase [I to_f_a'ﬁ
intracellular compartment, whetein expression of said GlcNAc—transferasng{in said

fungal cell produces proteins comprising GleNAc,MansGleNAc, N-glypéhs.

52. The fungal cell of claim 51, said fungal cell further comprisin{g"{;t nucleic acid
encoding a galactosyltransferase, wherein said nucleic acid encp‘ging said
galactosyltransferase comprises a nucleotide sequence enco@iﬁé a targeting sequence to
target the encoded galactosyltransferase to the Golgl appeg_:.ré{:c.usb wherein expression of
said galactosyltransferase in said fungal cell produces I;fgteim comprising

£

Gal,GleNAc:Mans;GicNAc, N-glycans, 7

/
53. Anisolated fungal cell geneﬁcally enginegr‘é(d to produce proteins comprising
GleNAcManaGleNAc; N-glycans, Whercit%/séid fungat cell is genctically engineered to
be deficient in ALG3 activity and comprgs’éfs a nucleic acid encoding a GleNAc-
transferase I and a GlcNAoutransferasgfﬁ, wherein said nucleic acid encoding said
GleNAc-transferase I and said GlcN;i:c—transferase I comprises nucleotide sequences
encoding targeting sequences to ;a""i'.get each encoded protein to an intracellular
compartment, wherein expressif;n of said GlcNAc-trapsferase 1, and said GlcNAc-
transferase I in said ﬁmga{,&ll produces proteins comprising GicNAc,MansGieNAc, N-

glycans.

54. The fungal cellof claim 53, wherein said genetically engineered fungal cell further is
deficient in OCE_?H‘ activity.

55. The ﬁmgal cell of claim 53 or claim 54, wherein said genetically engineered fungal

cell fuﬂ%lél‘ comprises a nucleic acid encoding an ¢-1,3-glucosyltransferase.
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56. The fungal cell of claim 53, claim 54, or claim 55, wherein said genetically ;“;
engineered fungal cell further compnises a nucleic acid encoding a target protein, x@ék{é:rein
said cell produces said target protein modified to comprise said GI_CNACQMangG}é\TACQ
N-glycans. .;:f"f

57. The fungal cell of any one of claims 53-56, said fungal cell further g_o&prising a
nucleic acid encoding the ¢ and f subunits of a Glucosidase 11, wherqifﬁ expression of
said ¢ and P subunits of said Glucosidase 11 in said fungal cell produces said protein

7

comprising said GlcNAc,ManiGleNAc; N-glycans.

58, The fungal cell of claim 57, said fungal cell further cq__r«ﬂi;rising a nucleic acid
encoding a galactosyltransferase, wherein said nucleic acxd encoding said
galactosyltransferase comprises a nucleotide sequengéfencoding a targeting sequence to
target the encoded galactosyliransferase to the Golg1 apparatus, wherein expression of
said galactosyltransferase in said fungal cell prqc’ﬁxces proteins comprising

Gal,GleNAcsManaGleNAce,; N-glycans.

59, A substantially pure culture of Yarﬁp&m‘a lipolytica cells, a substantial number of
which are genetically engineered to /pfoduce glycoproteins comprising
Gal,GicNac,MansGleNAc, N-glj_@cﬁéns, wherein said cells are genetically engineered to be
deficient in ALG3 activity andﬁ,.é’rs)mprise a nucleic acid encoding a GicNAc-transferase 1,
a GlcNAc-transferase II, and-”a galactosyltransferase, wherein said nucleic acid encoding
said GleNAc-transferase Isald GlcNAc-transferase 11, and said galactogyltransferase
comprises nucleotide gc’éuences encoding targeting sequences to target each encoded
protein to an intracqﬂillar compartment, wherein expression of said GlcNAc-transferase 1,
said GICNAc-ﬁagé%erase 11, and said galactosyltransferase in said cell produces proteins

comprising GglgGlcNAczMansGIcNAcz N-glycans.

60. The;_gﬂbstantiaﬂy pure culture of claim 49, wherein said celis further are deficient in

OCHLctivity.

ki
&
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278 61. The substantially pure culture of claim 59 or claim 60, wherein said cells furthe;ff
279 comprise a nucleic acid encoding an o-1,3-glucosyltransferase. /;

280 ) !

281 62. The substantially pure culture of claim 59, claim 60, or claim 61, wher‘f:i% said cells
282 further comprise a nucieic acid encoding the o and B subunits of a Glucgs’ifdase I,

283 wherein expression of said ¢ and 5 subunits of said Glucosidase 11 in',sé‘.id fungai cell

284 produces said target protein comprising said GalgGlcNACZMangGlgﬁACQ N-giycans.

285
286 63. A substantially pure culture of Yarrowia lipolytica cells, gf‘ﬁﬁbstantial number of
287 which are genetically engineered to produce glycoproteins ,éérnprising

288 Gal;GleNAc;MansGleNAc, N-glycans, wherein said cgﬂﬁ; are genetically engineered to

289 be deficient in OCH? activity and comprise a n.ucleig:’éibid encoding an ¢-1,2-

290 mannosidase, a GlcNAc-transferase 1, a mannosidgé;t 1. a GlcNAc-transferase 11, and a
291 galactosyltransferase, wherem said nucleic acic};éﬁcoding said ¢-1,2-mannosidase, said
292 GleNAc-transferase 1, said mannosidase 11, sald GlcNA c-transferase 11, and said

293 galactosyltransferase comprises nucleotic%@"éﬂq_uences encoding targeting sequences to
294 target cach encoded protein to an intragéi&luiar compartment, wherein expression of said
295 t-1,2-mannosidase, said GICNAc—trgfig.ferase 1, said mannosidase I1, said GleNAc-

296 transferase I, and a galactosyltra;;éiferase in said cells produces proteins comprising
297 Gal,GleNAcMansGleNAC, N—glycans

208 ’_

209 64. A composition comgriéing a glycoprotein, wherein at least 50% of the N-glycans on

300 said glycoprotein are g}‘fZ;NAczMangGlcNAcz N-glycans.
301

302 65. The compos;;if;n of claim 64, wherein at least 70% of the N-glycans on said
303 glycoprotein gré GleNAc;Man;GleNAc¢; N-glycans.

504

305 66. Th%,é:c{)mposition of claim 64, wherein at least 85% of the N-glycans on said
306 g}.ycqp‘iibiein are GleNAc,Man;GicNAc, N-glycans.

307




