
applications including antibody production, cytokine production, and for treatment of 

metabolic disorders such as lysosomal storage disorders. 

Featured islr, one aspect, thin document features a method of producing a fungal cell (e.g., 

Yarrowia lipolytica or Arxula adeninivorans) capable of producing proteins comprising 

GlcNAcMan5GlcNAc2 N-glycans. The method includes providing a fungal ceil 

genetically engineered to produce proteins comprising Man5GlcNAc2 N-glycans; and 

introducing into the cell a nucleic acid encoding a GlcNAc-transferase 1, wherein the 

nucleic acid includes a nucleotide targeting sequence to target the encoded GlcNAc-

transferase I to an intracellular compartment (e.g., Golgi apparatus), wherein expression 

of the GlcNAc-transferase I in the fungal cell produces proteins including 

GlcNAcMansGlcNAc2 N-g3ycans. 

In one aspect, there is provided a method of producing a Yarrowia linolvtica cell for 

producing p roteins comprising GI c N AcMaiKGICN Ac-' Ni-glvcans. said meth( )d comprising: 

a) m ovidins a Yarrowia Hpotviica cell geneti.ca. lv engineered to proc uce proteins 

comprising MamGlcNAC" "N-glvcans; 

b) ir itroducing into said cell a nucleic acid enco( ling a GlcNAc-transi erase L wherein said 

nucleic acid comprises a nucleotide sequence encod'ma a targeting seouence to target the encoded 

GicNAc-tra nsl'erase 1 to an intracellular compartment ^ vherein expression o " said GicNAc-

transferase ! in said Yarrowia livolvtica ceil produces p roteins comprising G 1 cN A c M an < G i c N A c 

N-givcans. 

The method further can include introducing into the 

cell a nucleic acid encoding a target protein, wherein the cell produces the target protein 

modified to include the GlcNAcMan5GlcNAc2 N-glycans. The target protein can bind, to 

an Fc receptor. The target protein can be an antibody or fragment thereof. The target 

protein can be a therapeutic glycoprotein. The target protein can. be Interferon-p, GM-

CSFb Interferon y, or erythropoietin. 

The fungal cell genetically engineered to produce proteins containing 

Man5GlcNAc2 N-glycans can be deficient in OCH1 activity and include a nucleic acid 

encoding an a-1,2-mannosidase, wherein the nucleic acid, encoding the a-1,2-

2 



mannosidase includes a nucleotide sequence encoding a targeting sequence to target the 

encoded <x-l,2-mannosidase to the endoplasmic reticulum. The targeting sequence can be 

an HDEL sequence. 

The method further can include introducing into a cell a nucleic acid encoding a 

5 mannosidase II, wherein the nucleic acid encoding the mannosidase II includes a 

nucleotide sequence encoding a targeting sequence to target the encoded mannosidase II 

to the Golgi apparatus, wherein expression of the mannosidase II in the fungal cell 

produces proteins containing GlcNAcMan?GlcNAc2 N-glycans. 

The method further can include introducing into a cell a nucleic acid encoding a 

10 galactosyltransferase, wherein the nucleic acid encoding the galactosyltransferase 

includes a nucleotide sequence encoding a targeting sequence to target the encoded 

galactosyltransferase to the Golgi apparatus, wherein expression of the 

2a 



galactosyltransferase in the fungal cell produces proteins containing 

GalGlcNAcMan5GlcNAc2 or GalGlcRAcMamGlcNAc? N-glycans. The 

galactosyltransferase can be a fusion of a UDP-Glc-4-epimerase and the catalytic domain 

of a j}-l,4-galactosyltransferase I. Such a method further can include introducing into the 

cell a nucleic acid encoding a target protein, wherein the cell produces the target protein 

modified to contain GalGlcNAcMansGlcNAci or GalGlcNAcMaD3Glc.NA.c2 N-glycans. 

The methods can include isolating the target protein modified to contain the 

GalGlcNAcMan5GlcNAc2 or GalGlcNAcMan3GlcNAc2 N-glycans. 

Also featured isfe-aBethep-asgeci, this document feature a method of producing a target protein 

containing GlcNAcMan^GlcNAc?. N-glycans. The method includes providing a fungal 

cell (e.g., Yarrowia lipolytica or Arxula adeninivorans) genetically engineered to include 

a nucleic acid encoding a GlcNAc-transferase I, an a-1,2-mannosidase, and a 

mannosidase II, wherein the nucleic acid includes a nucleotide sequence encoding a 

targeting sequence, or nucleotide sequences encoding targeting sequences, to target each 

encoded protein to an intracellular compartment, wherein the fungal cell is deficient in 

OCH1 activity; and. introducing into the ceil a nucleic acid encoding a target protein, 

wherein the cell produces the target protein containing GlcNAcMan3GlcNAc2 N-glycans. 

In one aspect, there is provided a method of producing a target protein comprising 

GlcNAcMan^GlcNAc-2 N-12; I yeans, said method comprising: 

a) providing a Yarrowia lipolytica cell genetically engineered to comprise a nuelcic acid 

encoding 3 GlcNAc-transferase I. an a-1 .2-mannosidase. and a mannosidase II. wherein said 

nucleic acid comprises nucleotide sequences encoding targeting sequences to target each encoded 

proiein to an intracellular compartment, wherein said Yarrowia lipolytica cell is deficient in OCR) 

activity: and 

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

produces said target protein comprising said GlcNAcMamGicNAe-' N-glvcans. 

The nucleic acid encoding the a-1,2-mannosidase can include an endoplasmic reticulum 

targeting sequence to target the encoded a-1,2-mannosidase to the endoplasmic 

reticulum. For example, the targeting sequence can be an HDEL sequence. The nucleic 

acid encoding the GlcNAc-transferase J and the mannosidase II can include a Golgi 



targeting sequence, or Golgi targeting sequences, to target the encoded GlcNAc-

transferase I and mannosidase II to the Golgi apparatus. The target protein can bind to an 

Fc receptor. The target protein can be an antibody or fragment thereof. The target 

protein can be a therapeutic glycoprotein. The target protein can be Interferon-fj. GM-

CSF, Interferon y, or erythropoietin. 

In some embodiments, the method further can include introducing into the cell a 

nucleic acid encoding a galactosyltransferase, wherein the nucleic acid encoding the 

galactosyltransferase includes a nucleotide sequence encoding a targeting sequence to 

target the encoded galactosyltransferase to the Golgi apparatus, wherein expression of the 

galactosyltransferase in the fungal cell produces the target protein modified to contain 
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GalGlcNAcMamGlcNAci N-glycans. The target protein modified to contain 

GalGicNAcMan3GlcNAc2 N-glycans can be isolated from the fungal cell. 

This document also features a method of making a fungal cell (e.g., Yarrowia 

lipolytica or Arxula adeninivorans) capable of producing proteins containing 

GlcNAcMan3GlcNAc2 N-glycans. The method includes providing a fungal cell 

genetically engineered to produce proteins containing Man3GlcNAc2 N-glycans; 

introducing into the cell a nucleic acid encoding a GlcNAc-transferase I, wherein the 

nucleic acid includes a nucleotide sequence encoding a targeting sequence to target the 

encoded GlcNAc-transferase I to an intracellular compartment (e.g., Golgi apparatus), 

wherein expression of the GlcNAc-transferase I in the fungal cell produces proteins 

containing GlcNAcMan3GlcNAc2 N-glycans. 

In one aspect- there is provided a method of making a Yarrowia itnolvtica cell, for 

producing proteins comprising GIcNAcMamGIcNAc? N-glvcans. said method comprising: 

a) providing a Yarrowia lipolytica cell genetically engineered to produce proteins 

comprising Man-.Glc'N Ac- N-g)ycans: 

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 encode* 

GicNAc-transferase 1 to an intracellular compartment, wherein expression of said GlcNAc-

transferase I. in said Yarrowia lipolytica cell produces proteins comprising G1 cNAcM.an*G1 cKAc-

N-glvcans. 

The method further can include 

introducing into the cell a nucleic acid encoding a target protein, wherein the cel.] 

produces the target protein modified to contain GlcNAcMan3GlcNAc2 N-glycans. The 

target protein can bind to am Fc receptor. The target protein can be an antibody or 

fragment thereof. The target protein can be a therapeutic glycoprotein. The target 

protein can be Interferon-[5, GM-CSF, interferon y, or erythropoietin. 

The fungal cell genetically engineered to produce proteins containing 

Man3GlcNAc2 N-giycans can be deficient in ALG3 activity, and include a nucleic acid 

encoding an a-1,2-mannosidase, wherein the nucleic acid includes a nucleotide sequence 

encoding a targeting sequence to target the encoded a-1.2-mannosidase to the 



endoplasmic reticulum. Such a fungal cell further can be deficient in OCH1 activity 

and/or further include a nucleic acid encoding a-L3-glucosyltransferase (e.g., ALG6). 

The method further can in.clu.de introducing into the cell a nucleic acid, encoding a 

GlcNAc-transferase II, wherein the nucleic acid encoding the GlcNAc-transferase II 

5 includes a nucleotide sequence encoding a targeting sequence to target the encoded 

GlcNAc-transferase II to an intracellular compartment, wherein expression of the 

GlcNAc-transferase II in the fungal cell produces proteins containing 

GlcNAc2Man3GIcNAc2 N-glycans. 

The method further can include introducing into the cell a nucleic acid encoding a 

10 galactosyltransferase, wherein the nucleic acid encoding the galactosyltransferase 

includes a nucleotide sequence encoding a targeting sequence to target the encoded 
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galactosyltransferase to the Golgi apparatus, wherein expression of the 

galactosyltransferase in the fungal cell produces proteins containing 

GalGlcNAcMatj3GlcNAc2 or Gal2GlcNAc2Man3GicNAc2 N-glycans. The 

galactosyltransferase can be a fusion of a UDP-Glc-4-epimerase and catalytic domain of 

5 a f>-l,4-galactosyitransferase I. The method further can. include introducing into the ceil 

a nucleic acid encoding a target protein, wherein the ceil produces the target protein 

modified to contain GalGlcNAcMan-jGlcN Ac? or Gal2GlcNAc2Man3GlcNAc2 N-glycans. 

The method further can include introducing into the cell a nucleic acid encoding 

the a. and (3 subunits of a Glucosidase 11, wherein expression of the a and (3 subunits of 

10 the Glucosidase II in the fungal cell produces proteins including 

GalGlcNAcMan3GlcNAc2 or Gai2GlcNAc2Man3GlcNAc2 N-glycans. 

This document also features a method of producing a target protein containing 

Gai2GicNAc2Man3GicNAc2 N-glycans. The method includes providing a fungal cell 

genetically engineered to be deficient in ALG3 activity and including a nucleic acid 

15 encoding a GlcNAc-transferase I, a GlcNAc-transferase II, and a galactosyltransferase, 

wherein the nucleic acid encoding the GlcNAc-transferase I, the GlcNAc-transferase II, 

and the galactosyltransferase include a nucleotide sequence encoding a targeting 

sequence, or nucleotide sequences encoding targeting sequences, to target each encoded 

protein to an intracellular compartment (e.g., the Golgi apparatus); and introducing into 

20 the cell a nucleic acid encoding a target protein, wherein the cell produces the target 

protein containing Gai2GlcNAc2Man3GlcNAc2 N-glycans. 

In one aspect, there is provided a met! 

25 

30 

GaloGlcNAcoMan-iGicNAco N-givc; ans, said method comprising: 

a) providing a Yarrowia lino iviicG ce 11 genetically engineered to r >e deficient in ALG3 

activity and comprising a nucleic ac id encod ing a GlcNAc-transferase 1. . a GlcNAc-transferase II. 

and a ealactosvltransferase. wherein said nuc neic acid encoding said Glc3" ̂ Ac-transferase 1. said 

G i c N A c - trans i erase IL and said gab ictosvltn nisferase comprises nucleoli de seauences encoding 

targeting sequences ro target each ei .icoded p rotein to an intracellular con ipaitment: 

b) introducing into said ceil a nucleic acid encoding a target, proie in. wherein said cell 

produces said target protein compru %ing said Ga^GlcNAcoMaihGIcNAc, N-givcans. 
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The fungal cell can be further 

deficient in 0CH1 activity and/or further include a nucleic acid encoding an 

glucosyltransferase such as ALG6. The fungal cell further can include a nucleic acid 

encoding the a and p subunits of a Glucosidase II, wherein expression of the a and p 

5 subunits of the Glucosidase II in the fungal cell produces the target protein containing 

Gal2Gl.cN Ac2Maii3GlcNAc2 N-glycans. 

| Further featured an isolated fungal cell genetically 

engineered to produce proteins containing GtcNAcMan3GlcNAc2 N-glycans. The fungal 

cell can be deficient 111OCFI1 activity and include a nucleic acid encoding an a-1,2-

10 mannosidase, a GlcNAc-transferase I, and a mannosidase II, wherein the nucleic acid 

encoding the a-1,2-mannosidase, the GicNAc-transferase I, and the mannosidase II 
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includes a nucleotide sequence encoding a targeting sequence, or nucleotide sequences 

encoding targeting sequences, to target each encoded protein to an intracellular 

compartment, wherein expression of the a-1,2-mannosidase, the GlcNAc-transferase I, 

and the mannosidase II in the fungal cell produces proteins containing 

GlcNAcMari3GfcNAc2 N-giycans. 

engineered to produce 'proteins commisirm Glc •NAcMan?GIcNAc-:. N-nlvcans. \ vherem 

said Yarrowia livolvtica cell is deficient in OC HI activitv and comprises a nuc. !eic acid 

encoding an a. ~L2-niannosidase. a GlcNAc-tra nsl'erase L and a mannosidase II. wherein 

said nucleic as zid encoding said a-L2-mannosi< :iase. said GicNAc-transferase L and said 

mannosidase ! U comprises nucleotide sequence •s eneodirm targeting secitiences t o target 

each encoded protein to an intracellular corapa itment, wherein expression of sa :id f/-l Y2-

mannosidase.. said GicNAc-transferase 1. and s aid mannosidase If in said Yarro •I-via 

livolvtica eel] produces proteins cornnrisinii Gi icNAcMan-fGicNAco N-glvcans. 

15 The fungal eel] further can include a nucleic acid 

encoding a target protein, wherein the cell produces the target protein modified to contain 

GlcNAcMan3GlcNAc2 N-glycans. 

In some embodiments, such a fungal cell further includes a nucleic acid encoding 

a GlcNAc-transferase II, wherein the nucleic acid encoding the GlcNAc-transferase II 

20 includes a nucleotide sequence encoding a targeting sequence to target the encoded 

GlcNAc-transferase II to an intracellular compartment, wherein expression of the 

GlcNAc-transferase II in the fungal cell produces proteins containing 

GIcNAc2Man-5GlcNAc2 N-glycans. 

In some embodiments, such a fungal cell further includes a nucleic acid encoding 

25 a galactosyltransferase, wherein the nucleic acid encoding the galactosyltransferase 

includes a nucleotide sequence encoding a targeting sequence to target the encoded 

galactosyltransferase to the Golgi apparatus, wherein expression of the 

galactosyltransferase in the fungal cell produces proteins containing 

Ga^GlcNAcoMa^GlcNAc: N-glycans. 

30 Also featured is*fT-ve*-anoiher-ftagect thi:. doeaffieffHfeatttfes an isolated fungal cell genetically 
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engineered to produce proteins containing GlcNAc2Man3GlcNAc2 N-glycans. The fungal 

cell is genetically engineered to be deficient in ALG3 activity and includes a nucleic acid 

encoding a GlcNAc-transferase I and a GlcNAc-transferase II, wherein the nucleic acid 

encoding the GlcNAc-transferase I and the GlcNAc-transferase II includes a nucleotide 

sequence encoding a targeting sequence, or nucleotide sequences encoding targeting 

sequences, to target each encoded protein to an intracellular compartment, wherein 

expression of the GlcNAc-transferase I, and the GlcNAc-transferase II in the fungal cell 

produces proteins containing GlcN AcjMa^GlcN Ac2 N-glycans. 

In one aspect, there is provided an isolated Yarrowia lipoivtica cell genetically 

engineered to produce proteins comprising GlcNAc->MarnGIcNAco N-glvcans, wherein 

said Yarrowia iip< Avtica cell is gc meticallv en gineere j to be deficient in ALG3 activity 

and comprises a n ucleic acid enc jdi.ng a Gid% H Ac-tra asferase I and a GlcNAc-transferase 

II. wherein said n jcleic acid encc )dmg said G cNAc-t ransferase I and said GicNAc-

transferase II com prises nucleoli* ie seauences encodi na targeting sequences to target each 

encoded protein u > an intraceJluk r compartm mi, whi 3rein expression of said Glc-NAc-

transferase 1. and said GlcN Ac-ti ansferase 11 in said Yarrowia lipoivtica cell produces 

proteins comprising G]cNAc-?MamGlcNAco N-glvcans. 

The genetically 

engineered fungal cell further can be deficient in OCH1 activity and/or further include a 

nucleic acid encoding an a-l,3-glucosyltransferase. A genetically engineered fungal cell 

also can include a nucleic acid encoding a target protein, wherein the cell produces the 
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target protein modified to contain GlcNAcjMamGlcNAc?. N-glycans. A fungal cell 

further can include a nucleic acid encoding the a and p subunits of a Glucosidase II, 

wherein expression of the a and p subunits of the Glucosidase II in the fungal cell 

produces the protein containing GlcNAc2Man3GlcNAc2 N-glycans. The fungal cell 

further can include a nucleic acid encoding a galactosyltransferase. wherein the nucleic 

acid encoding the galactosyltransferase includes a nucleotide sequence encoding a 

targeting sequence to target the encoded galactosyltransferase to the Golgi apparatus, 

wherein expression of the galactosyltransferase m the fungal cell produces proteins 

containing Gal2GlcNAc2Man3GlcNAc2 N-glycans. 
This document also features a substantially pure culture of Yarrowia lipolytica 

cells, a substantial number of which are genetically engineered to produce glycoproteins 

containing Gal2GicNac2Man3GicNAc2 N-glycans. The cells are genetically engineered to 

be deficient in ALG3 activity and include a nucleic acid encoding a GlcNAc-transferase 

I, a GlcNAc-transferase II, and a galactosyltransferase, wherein the nucleic acid encoding 

the GlcNAc-transferase 1, the GlcNAc-transferase II, and the galactosyl/transferase 

include a nucleotide sequence encoding a targeting sequence, or nucleotides sequences 

encoding targeting sequences, to target each encoded protein to an intracellular 

compartment, wherein expression of the GlcNAc-transferase I, the GlcNAc-transferase 

II, and the galactosyltransferase in the cell produces proteins containing 

Gal2GlcNAc2Man3GlcNAc2 N-glycans. 

In one aspect, there is provided a substaniial.lv pure culture of Yarrowia lipo/viica 

cells, a substantia 1 number of which are senetica llv engineered i ,o produce idveoproteins 

comprising GakC licNacoMamGJcNAc^ N-rfveai is. wherein saic 1 cells are genetiealiv 

engineered to be < deficient in ALG3 activity and comprise a nuc. Isic acid encoding a 

GlcN Ac-iransfen-tse L a GicNAc-transferase IL ; and a iialactosvl transferase, wherein saic 

nucleic acid enco dine said GlcNAc-transferase 1 . said GicNAc- transferase f.L and said 

iialaciosvltranslei •ase comprises nucleotide seem* ences encoding iar&elirisi seauences to 

target each encod ed protein to an mtmcdiul&r c<: mipaitment wh erein expression of said 

GlcNAc-transfen ise L said GicNAc-transferase 11. and said gala .ctosvltransferase in said 

cell produces pro teins comprising: GahGlcN Acr Man^GlcNAco 1 Si-dveans. 
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The genetically engineered'fungal cell further 

can be deficient in 0CH1 acti vity and/or further include a nucleic acid encoding an cx-

1,3-glucosy[transferase (e.g., ALG6). The cells further can include a nucleic acid 

encoding the a and. p subunits of a Glucosidase II, wherein expression of the a and j3 

subunits of the Glucosidase IJ in the fungal cell produces the target protein containing 

Gal2GlcNAc2Man3Gl.cNAc2 N-glycans. 

In another aspect, there is provid.ed4:kkr^<^eH^^^4e-arai-e€ a substantially pure culture of Yarrowia 

lipolytica cells, a substantial number of which are genetically engineered to produce 

glycoproteins comprismgoontaining Gal2GlcNAc2Man3GlcNAc2 N-glycans, wherein the cells are 

genetically engineered to be deficient in OCH1 activity and comprisein elude a nucleic acid 

onrnrlintj nn Q_1 O-marmneirlftHP- a G^f.NAc-transfpTRRP. 1 y II a GlcNAc-
^ ----- - -- . - - -- -- j 

transferase II, and a galactosyltransferase, wherein the nucleic acid encoding the a-1,2-
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mannosidase, the GlcNAc-transferase I, the mannosidase II, the GlcNAc-transferase II, 

and the galactosyltransferase comprisesineludcs a nucleotide sequence encoding c. targeting 

frequence, or nucleotide sequences encoding targeting sequences- to target each encoded 

protein to an intracellular compartment, wherein expression of the a-1,2-mannosidase, 

GicNAc-transferase I, mannosidase II. GlcNAc-transferase II, and galactosyltransferase 

in the cells produces proteins comprising Gal^GicNAcsMamGlcNAc-i N-glycans. 

This document also features a composition that includes a glycoprotein, wherein 

at least 50% (e.g.. at least 70% or at least 85%of the N-glycans on the glycoprotein are 

GlcNAc2Man3GlcN!Ac2 N-glycans. 

In one aspect, there is provided a composition comprising a glycoprotein. wherein 

at least 50% of the N-dvcans on said glycoprotein are GlcNAc^MariiGicNAc- N-

gh/cans:, and wherein the glycoprotein has been produced using a genetically engineered 

Yarrowia lipolytica cell. 

Unless otherwise defined, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 

invention belongs. Although methods and materials similar or equivalent to those 

described herein can be used in the practice or testing of the present invention, the 

exemplary methods and materials are described below. All publications, patent 

applications, patents, Genbank© Accession Nos, and other references mentioned herein 

are incorporated by reference in their entirety. In case of conflict, the present application, 

including definitions, will control. The materials, methods, and examples are illustrative 

only and not intended to be limiting. 

Other features and advantages of the invention will be apparent from the 

following detailed description, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1A is a representation of MansGLcN AC2 and Man3GlcNAc2 structures. 

FIG. IB is a schematic diagram of plasmid pYlOCHl PUT TOPO. 
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FIG. 2 is a series of electroferograms depicting N-glycan analysis of secreted 

proteins obtained from pold lnuga Yarrowia lipolytica wild-type cells or Aochl pold 

lnuga Yarrowia lipolytica cells. The main N-glycan upon OCH1 inactivation becomes 

MansGlcNAc2. Analysis was performed using DNA sequencer-assisted, fluorophore-

5 assisted carbohydrate electrophoresis (DSA-FACE). "M5," "M6," "M8," and 

refer to the number of mannose residues conjugated to the base N-acetylglucosamine 

structure. The Y-axis represents the relative fluorescence units as an indication of the 
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