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Cells for Glycoengineering and Methods of Use

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority of U.S. Provisional Patent Applications No.
63/639,286, filed on April 26, 2024. The entirety of the aforementioned application is

incorporated herein by reference.
SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which is submitted
electronically in .xml format and is hereby incorporated by reference in its entirety. The .xml

copy, created on June 17, 2024, is named “A1000-01700PCT 20240617 SeqListing.xml” and is
77 kilobytes in size.

FIELD

[0003] The present disclosure is related to compositions and methods for glycoprotein

engineering and production of glycoengineered therapeutic antibodies.
BACKGROUND OF THE INVENTION

[0004] Over the past few years, protein therapeutics have gained increasing prominence in
almost every field of medicine. Most of these protein therapeutics are glycoproteins, and the
glycans on those glycoproteins have been proven to be essential and determinative of therapeutic
efficacy. Therefore, post-translational modifications of these biologics, particularly towards
their glycosylation states, have drawn increased attention in academic and industrial sectors.
With the ongoing trend to produce protein therapeutics in mammalian expression platforms,
there is a continuing need for platforms that offer a desired glycan profile that is favorable for

improved efficacy.
BRIEF SUMMARY OF THE INVENTION

[0005] In one aspect, the present disclosure provides a cell for expressing a sialylated

glycoprotein wherein the cell constitutively and/or controllably expresses an exogenous sialyltransferase
1
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catalytic peptide and an exogenous galactosyltransferase catalytic peptide, wherein the exogenous
sialyltransferase catalytic peptide and the exogenous galactosyltransferase catalytic peptide are translated

n close proximity.

[0006] In one aspect, the present disclosure provides a method for glycoengineering a
recombinant glycoprotein comprising: delivering an expression vector into a cell according to an
embodiment of the present disclosure, wherein the expression vector comprises a payload nucleic acid
configured to encode the recombinant glycoprotein; and expressing the payload nucleic acid in the cell,
thereby obtaining a plurality of recombinant glycoproteins, where at least one recombinant glycoprotein

of the plurality is conjugated with a sialvlated glycan.

[0007] In one aspect, the present disclosure provides a plurality of enriched recombinant
glycoproteins, wherein at least 50% of the plurality of recombinant glycoproteins is configured with a

sialylated glycan.

[0008] In one aspect, the present disclosure provides a cell for expressing a GlcNAc glycoprotein,
being deficient in N-acetylglucosaminyltransferase I (GnTI) activity and constitutively or controllably

expressing an exogenous endoglycosidase.

[0009] In one aspect, the present disclosure provides a method for glycoengineering a recombinant
glycoprotein, comprising: delivering an expression vector into a cell according to an embodiment of the
present disclosure, wherein the expression vector comprises a payload nucleic acid configured to encode a
recombinant glycoprotein; and expressing the payload nucleic acid in the cell, thereby obtaining a
plurality of recombinant glycoproteins, where at least one recombinant glvcoprotein of the plurality is

conjugated with a GIcNAc glycan.

[0010] In one aspect, the present disclosure provides a plurality of enriched recombinant
glycoproteins, wherein at least 50% of the plurality of recombinant glycoproteins is configured with a

GlcNAc glycan.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a graphic representation of a flow cytometry assay showing the exemplary
results of an SNA staining assay conducted to examine the exemplary Adalimumab produced by

using the exemplary CHO cell (SWG-006) of the present disclosure. A comparative cell

2
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transfected with B4GALT1 and STO6GALT1 configured to be expressed in separate transcriptions,
and an untransfected cell (i.e., a parental cell, as a negative control). In this particular exemplary
embodiment. the Adalimumab antibodies produced by the exemplary cell (SWG-006) of the
present disclosure had a 5.44% SNA-positive population. The Adalimumab antibodies produced
by the comparative cell had a 4.58% SNA-positive population. The parental cell expressed
0.022% SNA-positive Adalimumab antibodies.

[0012] FIG. 2 is a graphic representation of a flow cytometry assay showing the results of
an SNA staining assay conducted to examine the Adalimumab produced by using the exemplary
SWG-006 CHO cell of the present disclosure, the exemplary SWG-015 cell of the present
disclosure, and untransfected cells (i.e., a parental cell, as a negative control). The Adalimumab
antibodies produced by the SWG-006 cells of the present disclosure had a 39.8% SNA-positive
population. The Adalimumab antibodies produced by the SWG-015 cells of the present
disclosure had a 28.5% SNA-positive population. The parental cell expressed 0.25% SNA-

positive Adalimumab antibodies.

[0013] FIG. 3A is a graphic representation of an LS/MS-MS spectrum conducted to
demonstrate the glycoforms of the Adalimumab antibodies produced by an exemplary stabilized
clone SAII-A3 of the SWG-006 CHO cell according to the present disclosure. The sialylated
glycans are labeled with solid arrows. The Diamond shape represents sialic acid; the open circle
shape represents galactose; the square shape represents GIcNAc; the solid circle shape represents

mannose; the triangle shape represents fucose.

[0014] FIG. 3B is a graphic representation of an LS/MS-MS spectrum conducted to
demonstrate the glycoforms of the exemplary Adalimumab antibodies produced by an exemplary
stabilized clone SAI-G1 of the SWG-006 CHO cell according to the present disclosure. The
sialylated glycans are labeled with solid arrows. The Diamond shape represents sialic acid; the
open circle shape represents galactose; the square shape represents GIcNAc; the solid circle

shape represents mannose; the triangle shape represents fucose.

[0015] FIG. 3C is a graphic representation of an LS/MS-MS spectrum conducted to

demonstrate the glycoforms of the exemplary Adalimumab antibodies produced by an exemplary

3
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stabilized clone SAI-D4 of the SWG-006 CHO cell according to the present disclosure. The
sialylated glycans are labeled with solid arrows. The Diamond shape represents sialic acid; the
open circle shape represents galactose; the square shape represents GIcNAc; the solid circle

shape represents mannose; the triangle shape represents fucose.

[0016] FIG. 3D is a graphic representation of an LS/MS-MS spectrum conducted to
demonstrate the glycoforms of the exemplary Adalimumab antibodies produced by an exemplary
stabilized clone SAI-F12 of the CHO SWG-006 cell according to the present disclosure. The
sialylated glycans are labeled with solid arrows. The Diamond shape represents sialic acid; the
open circle shape represents galactose; the square shape represents GIcNAc; the solid circle

shape represents mannose; the triangle shape represents fucose.

[0017] FIG. 3E is a graphic representation of an LS/MS-MS spectrum conducted to
demonstrate the glycoforms of the exemplary Adalimumab antibodies produced by a parental
CHO cell. No sialylated glycans were observed. The Diamond shape represents sialic acid; the
open circle shape represents galactose; the square shape represents GIcNAc; the solid circle

shape represents mannose; the triangle shape represents fucose.

[0018] FIG. 4A is a graphic representation of an LS/MS-MS spectrum conducted to
investigate the glycoforms of a commercial product of Adalimumab (Humira®). No sialylated
glycans were observed. The Diamond shape represents sialic acid; the open circle shape
represents galactose; the square shape represents GIcNAc; the solid circle shape represents

mannose; the triangle shape represents fucose.

[0019] FIG. 4B is a graphic representation of an LS/MS-MS spectrum conducted to
demonstrate the glycoforms of the Adalimumab antibodies produced by a parental CHO cell. No
sialylated glycans were observed. The Diamond shape represents sialic acid; the open circle
shape represents galactose; the square shape represents GIcNAc; the solid circle shape represents

mannose; the triangle shape represents fucose.

[0020] FIG. 4C is a graphic representation of an LS/MS-MS spectrum conducted to
demonstrate the glycoforms of the Adalimumab antibodies produced by an exemplary stabilized

clone SAII-A3 of the SWG-006 CHO cell according to the present disclosure. The sialylated
4



WO 2025/053889 PCT/US2024/034588

glycans are labeled with solid arrows. The Diamond shape represents sialic acid; the open circle
shape represents galactose; the square shape represents GIcNAc; the solid circle shape represents

mannose; the triangle shape represents fucose.

[0021] FIG. 5A is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to investigate the glycoforms of the chMC81370 antibodies produced by a
parental HEK293T cell. No sialylated glycans were observed. The Diamond shape represents
sialic acid; the open circle shape represents galactose; the square shape represents GIcNAc; the

solid circle shape represents mannose; the triangle shape represents fucose.

[0022] FIG. 5B is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to demonstrate the glycoforms of the chMC81370 antibodies produced by an
exemplary HEK293 cell according to the present disclosure. The sialylated glycans are labeled
with solid arrows. The Diamond shape represents sialic acid; the open circle shape represents
galactose; the square shape represents GIcNAc; the solid circle shape represents mannose; the

triangle shape represents fucose.

[0023] FIG. 6 is a graphic representation of the data of a glycoform analysis conducted to
investigate the chMC81370 antibodies produced by a wild-type cell (i.e. a parental cell) and an
exemplary HEK293 cell according to the present disclosure (an “engineered” cell). Left:
percentage of fucosylated glycan; Middle: percentage of galactosylated glycan; Right:

percentage of sialylated glycan.

[0024] FIG. 7 is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to demonstrate the glycoforms of the chMC81370 antibodies produced by an
exemplary HEK293 cell according to the present disclosure, untreated(top), treated with
Streptococcus pneumonia 02-3 neuraminidase (middle), or treated with Clostridium perfringens
neuraminidase (bottom). The sialylated glycans are labeled with solid arrows. The Diamond
shape represents sialic acid; the open circle shape represents galactose; the square shape
represents GIcNAc; the solid circle shape represents mannose; the triangle shape represents

fucose.
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[0025] FIG. 8 is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to demonstrate the glycoforms of the chMC81370 antibodies produced by a
comparative cell transfected with a hB4GalT1 gene but not hST6GAL1 gene. The data shows
that the antibodies had increased galactosylation generated from cells with knock-in of
hB4GalT1 only but did not show terminal sialylation. The Diamond shape represents sialic acid;
the open circle shape represents galactose; the square shape represents GIcNAc; the solid circle

shape represents mannose; the triangle shape represents fucose.

[0026] FIG. 9A is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to investigate the changes in glycoforms of the chMC81370 antibodies
produced by an exemplary HEK293 cell according to the present disclosure over five days. Top:
Day 0 to Day 3 (samples collected on Day 3); Bottom: Day 4 to Day 5 (samples collected on
Day 5). The sialylated glycans are labeled with solid arrows. The Diamond shape represents
sialic acid; the open circle shape represents galactose; the square shape represents GIcNAc; the

solid circle shape represents mannose; the triangle shape represents fucose.

[0027] FIG. 9B is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to investigate the changes in glycoforms of the chMC81370 antibodies
produced by a comparative FUT8 knock-out cell over five days. Top: Day 0 to Day 3 (samples
collected on Day 3); Bottom: Day 4 to Day 5 (samples collected on Day 5). The Diamond shape
represents sialic acid; the open circle shape represents galactose; the square shape represents

GlcNAc; the solid circle shape represents mannose; the triangle shape represents fucose.

[0028] FIG. 10 is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to investigate the changes in glycoforms of the chMC81370 antibodies
produced by an exemplary HEK293 cell according to the present disclosure over three days.
Samples were collected on Day 1 (Top), Day 2 (Middle), and Day 3 (Bottom) respectively. The
Diamond shape represents sialic acid; the open circle shape represents galactose; the square
shape represents GIcNAc; the solid circle shape represents mannose; the triangle shape

represents fucose.
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[0029] FIG. 11 is a graphic representation of ELISA data showing the binding affinity of
the antibodies produced by a wild-type cell (i.e. a parental cell) and an exemplary HEK293 cell
according to the present disclosure (an “SCT-enriched” cell) to FcyIIA receptors (Left), FcylIB
receptors (Middle), and FcyIIIA receptors (Right). The binding of antibody was measured by
anti-human IgG Fc antibody conjugated with HRP.

[0030] FIG. 12A presents a result of protein electrophoresis showing that the chMC18370
antibodies expressed by an exemplary HEK293 cell according to the present disclosure (Endo H
KI“+”) and a parental GnTI-KO EXPI293 cell (Endo H LI “-) are different in molecular weight

as band shifting was observed.

[0031] FIG. 12B presents a result of a transglycosylation assay showing that the
chMC 18370 antibodies expressed by an exemplary Endo H knock-in cell, according to the
present disclosure, had a high efficiency of transglycosylation. Transglycosylation was observed

within 15 minutes.

[0032] FIG. 12C is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to investigate the glycoforms of the chMC81370 antibodies produced by a
parental cell (GnTI-KO EXPI293 cell). The square shape represents GlcNAc, and the solid circle

shape represents mannose.

[0033] FIG. 12D is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to investigate the glycoforms of the chM(C81370 antibodies produced by an
exemplary Endo H knock-in cell according to the present disclosure. The square shape represents

GlcNAc, and the solid circle shape represents mannose.

[0034] FIG. 12E is a graphic representation of the data of a glycoform analysis conducted
to investigate the chMC81370 antibodies produced by a GnTI-KO EXPI293 cell, an exemplary
Endo H knock-in according to the present disclosure, and an exemplary Endo S2 knock-in cell

according to the present disclosure. Left: percentage of mannose type glycan; Right: percentage

of mono-GlcNAc glycan.
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[0035] FIG. 13 A presents a result of protein electrophoresis showing that the chMC18370
antibodies expressed by an exemplary HEK293 cell according to the present disclosure (Endo S2
KI “+7) and a parental GnTI-KO EXPI1293 cell (Endo S2 KI “-*) are different in molecular

weight as band shifting was observed.

[0036] FIG. 13B presents a result of a transglycosylation assay showing that the
chMC18370 antibodies expressed by an exemplary Endo S2 knock-in cell, according to the
present disclosure, had a high efficiency of transglycosylation. Transglycosylation was observed

within 15 minutes.

[0037] FIG. 13C is a graphic representation of the data of an intact protein mass (IPM)
analysis conducted to investigate the glycoforms of the chMC81370 antibodies produced by an
exemplary Endo S2 knock-in cell according to the present disclosure. The square shape

represents GIcNAc.

[0038] FIG. 14A is a graphic representation of ELISA data showing the binding affinity of
the antibodies produced by an exemplary HEK293 cell according to the present disclosure
(“SCT-enriched”), and an exemplary Endo H knock-in cell with a transglycosylation according

to the present disclosure (“SCT homogeneous™).

[0039] FIG. 14B is a graphic representation of the data of an ADCC reporter assay
showing the comparison between the antibodies produced by a wild-type cell (i.e. a parental
cell), an exemplary HEK293 cell according to the present disclosure (“SCT-enriched”), and an
exemplary Endo H knock-in cell with a transglycosylation according to the present disclosure

(“SCT homogeneous™).
DETAILED DESCRIPTION OF THE INVENTION

[0040] Glycosylation is a common post- or co-translational modification found on most
cell proteins, especially surface proteins. The importance of a glycan profile (i.e., glycoform) of
a glycoprotein and the impact on therapeutic effects has been recognized. Taking therapeutic
antibodies as an example, binding between an antibody and a target cell or a pathogen triggers a

variety of downstream immune functions, including phagocytosis, cellular cytotoxicity, vaccinal

8
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effect, complement activation, etc. These immune cell-based responses require the binding of the
antibody Fc domain to specific Fc receptors on immune cells, in which the glycoform of the
antibody is believed to be critical. For instance, it is believed that the IgG N-glycosylation at
N297 on the constant region of the heavy chain is critical in the binding between the IgG and the
FeylIIA receptor on NK cells that results in the activation of antibody-dependent cellular
cytotoxicity (ADCC). Therefore, it is important to engineer and obtain an optimized glycoform

to improve the efficacy and safety of therapeutic glycoproteins.

[0041] Conventional mammalian cell lines used for glycoprotein production usually
produce a mixture of glycoforms with core-fucosylated bi-antennary complex-type glycans,
which are not optimal for binding an Fcy receptor because of the inhibitory function of core-
fucosylation or the off-target delivery caused by terminal galactosylation. In comparison, an a2-6
linked sialyl complex type (SCT) glycan provides enhanced binding to FcylIIIA receptors and
FcylIA receptors, which are associated with ADCC, antibody-dependent cellular phagocytosis
(ADCP), and vaccinal effect. In addition, mono-GlcNAc (N-Acetylglucosamine) and GlcNac-
Fuc-bearing glycoforms are good acceptor substrates for endoglycosidase (glycosynthase)-
mediated transglycosylation and are, therefore, beneficial for engineering a desired glycan chain.

Accordingly, efforts must be employed to modify the glycoforms.
[0042] CELL
[0043] Cells for expressing a sialylated glycoprotein

[0044] One aspect of the present disclosure provides a cell for expressing a sialylated
glycoprotein, which expresses constitutively and/or controllably an exogenous sialyltransferase
catalytic peptide and an exogenous galactosyltransferase catalytic peptide, wherein the
exogenous sialyltransferase catalytic peptide and the exogenous galactosyltransferase catalytic
peptide are translated in close proximity. As used herein, “translated in close proximity”
describes the translation event of the exogenous sialyltransferase catalytic peptide and the
translation event of the transcription of the exogenous galactosyltransferase catalytic peptide

happen closely to each other both temporally and spatially.
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[0045] In some embodiments, the exogenous sialyltransferase catalytic peptide and the
exogenous galactosyltransferase catalytic peptide are expressed in a single transcript. As used
herein, “in a single transcript” means the transcription of the exogenous sialyltransferase
catalytic peptide and the transcription of the exogenous galactosyltransferase catalytic peptide
are performed transcriptionally under the same promoter or the DNA encoding the exogenous
sialyltransferase catalytic peptide and the DNA encoding the exogenous galactosyltransferase

catalytic peptide are transcribed into a single mRNA molecule.

[0046] The present disclosure contemplates that translating the exogenous sialyltransferase
catalytic peptide and the exogenous galactosyltransferase catalytic peptide in proximity to each
other or expressing the two peptides in a single transcription provides higher sialylation to the
glycoprotein. Without wishing to be bound by any theories, since the catalytic reaction exerted
by a galactosyltransferase generates a galactosylated glycan, which is the substrate of a
sialyltransferase, translating the two enzymes in proximity or expressing them in a single
transcription ensures the two catalytic reactions happen closely or nearly simultaneously, thereby

higher sialylation efficiency.

[0047] Ribosomal shifting approach. In some embodiments, the cell of the present
disclosure comprises a first nucleic acid configured to express the exogenous sialyltransferase
catalytic peptide; and a second nucleic acid configured to express the exogenous
galactosyltransferase catalytic peptide, wherein the first nucleic and the second nucleic acid are
controlled under the same promoter. In some embodiments, the first nucleic acid and the second
nucleic acid are connected to each other via a connecting nucleic acid, which is configured to
encode a ribosomal shifting peptide. A ribosomal shifting peptide is configured to render
ribosomal skipping, where the ribosomal shifting peptide prevents the ribosome from covalently
linking a newly inserted amino acid while continuing the translation, resulting in co-translational
cleavage of a polyprotein into separate peptides/proteins. In some embodiments, the ribosomal
shifting peptide comprises an amino acid sequence of DXExNPGP, wherein x denotes any amino
acid, D denotes aspartic acid, E donates glutamic acid, N denotes asparagine, P denotes proline,
and G denotes glycine. In certain embodiments, the ribosomal shifting peptide comprises an

amino acid sequence as set forth in SEQ ID NO: 06, SEQ ID NO: 07, SEQ ID NO: 08, or SEQ

10
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ID NO: 09. In certain embodiments, the connecting nucleic acid comprises a sequence as set
forth in SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, or SEQ ID NO: 22.

[0048] Fusion protein approach. Alternatively, the exogenous sialyltransferase catalytic
peptide and the exogenous galactosyltransferase catalytic peptide are, in some embodiments,
configured to be expressed into a fusion protein. In some embodiments, the fusion protein
comprises a first portion having the sialyltransferase catalytic peptide and a second portion
having the galactosyltransferase catalytic peptide, wherein the first portion and the second
portion are connected to each other via a cleavable linker, and the cleavable linker is configured
to be cleavable post-translation of the fusion protein, thereby upon cleavage releasing the
sialyltransferase catalytic peptide and the galactosyltransferase catalytic peptide as separate

proteins.

[0049] In some embodiments, the sialyltransferase catalytic peptide is an alpha-2,6-
sialyltransferase. In some embodiments, the sialyltransferase is a beta-galactoside alpha-2,6-
sialyltransferase 1. In certain embodiments, the sialyltransferase catalytic peptide comprises a
product of an ST6Gall gene or a PspST gene. In certain embodiments, the sialyltransferase
catalytic peptide comprises an amino acid sequence as the sequence set forth in SEQ ID NO: 01
or SEQ ID NO: 02. Yet in certain embodiments, the sialyltransferase catalytic peptide comprises
an amino acid sequence as set forth in SEQ ID NO: 03 or SEQ ID NO: 04.

[0050] In some embodiments, the galactosyltransferase catalytic peptide is a beta-1,4-
galactosyltransferase 1. In certain embodiments, the galactosyltransferase catalytic peptide
comprises a product of a B4AGALTI1 gene. In certain embodiments, the galactosyltransferase

catalytic peptide comprises an amino acid sequence as set forth in SEQ ID NO: 05.

[0051] In some embodiments, the cell comprises a first nucleic acid configured to express
the exogenous sialyltransferase catalytic peptide, wherein the first nucleic acid is derived from an
ST6Gall gene or a PspST gene. As used herein, “derived from” describes that the first nucleic
acid comprises a nucleotide sequence exactly the same as a reference gene; for example, the first
nucleic acid might comprise a nucleotide sequence as set forth in SEQ ID NO: 10 or SEQ ID

NO: 11. In some other situations, the “derived from” describes that the first nucleic acid

11
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comprises a nucleotide sequence modified from the reference gene, provided that the product of
the modified nucleotide sequence exerts the same or similar catalytic functionality as the product
of the reference gene. The modification might be made for accommodating codon usage or
optimizing transcription/translation efficiency or accuracy in a host cell. In other examples, the
modification adds a signal peptide directing the gene product to a certain place within or out of
the cells. For example, the first nucleic acid can be derived from a PspST gene that the first
nucleic acid comprises a nucleotide sequence encoding a product of the PspST gene and a
nucleotide sequence encoding a signal peptide that directs the gene product to the Golgi body
where glycosylation takes place. The signal peptide, in certain embodiments, can be the signal
peptide of an ST6Gall gene or a BAGALTI gene. In such embodiments, the first nucleic acid
comprises a nucleotide sequence as set forth in SEQ ID NO: 12 or SEQ ID NO: 13.

[0052] In some embodiments, the cell comprises a second nucleic acid configured to
express the exogenous galactosyltransferase catalytic peptide, wherein the second nucleic acid is
derived from a B4GALT1 gene. In certain embodiments, the second nucleic acid comprises a

nucleotide sequence as set forth in SEQ ID NO: 14.

[0053] In some embodiments, the first nucleic acid and the second nucleic acid are
transcriptionally controlled under the same promoter, which can be a constitutive promoter or an
activable promoter. The constitutive promoter can be but is not limited to a CMV promoter, a T7
promoter, a Human Elongation Factor 1 Alpha (EFla) promoter, a Chicken -Actin (CAG) promoter, or
an SV40 promoter. The activable promoter provides a controllable expression of the exogenous
sialyltransferase and the exogenous galactosyltransferase. The activable promoter can be but is
not limited to a Tetracycline-Inducible Promoter (activable by doxycycline) or a dihydrofolate

reductase (DHFR) gene promoter (used to select and amplify gene expression).

[0054] Parental cell. In some embodiments, the cell of the present disclosure is derived
from a parental cell (e.g., a wild-type cell), which can be a mammalian cell. In some
embodiments, the parental cell does not have an endogenous sialyltransferase and/or an
endogenous galactosyltransferase. In some other embodiments, the parental cell might have an
endogenous sialyltransferase and/or an endogenous galactosyltransferase. Nevertheless, the

present disclosure surprisedly discovers that overexpression of the endogenous sialyltransferase
12
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and/or the endogenous galactosyltransferase does not increase the sialylation as expressing
exogenous ones can achieve. In some embodiments, the parental cell and/or the cell of the
present disclosure are deficient in fucosyltransferase 8 activity. In certain embodiments, the
parental cell and/or the cell of the present disclosure are deficient in a FUTS8 gene encoding a
product of the fucosyltransferase activity. In some embodiments, the parental cell and/or the cell
of the present disclosure are or are derived from a Chinese hamster ovary (CHO) cell or a
HEK?293 cell. The CHO cell can be but is not limited to ExpiCHO, CHO-K1, CHO-C, CHOZN,

and CHOK1Q. In some embodiments, “cell” used herein is interchangeably with “cell line.”

[0055] Cells for expressing a recombinant glycoprotein. In some embodiments, the cell
further comprises a payload nucleic acid configured to encode a recombinant glycoprotein, and
the expression of the payload nucleic acid is transcriptionally controlled by a constitutive or an
activable promoter. The constitutive promoter and the activable promoter are as described above
and herein. In some embodiments, the recombinant glycoprotein expressed or produced by the
cell is conjugated with a glycan. In certain embodiments, the glycan can be an N-linked glycan

(i.e., N-glycan) or an O-linked glycan (i.e., O-glycan).

[0056] Glycan and glycoprotein. The cell of the present disclosure is capable of
expressing a sialylated glycoprotein. In some embodiments, the sialylated glycoprotein
comprises a sialyl complex type (SCT) glycan, which can be conjugated to the protein via a
lysine residue (i.e., O-glycan) or an asparagine residue (i.e., N-glycan). In some embodiments,
the cell of the present disclosure is configured to express an SCT-enriched protein. As used
herein, “SCT-enriched” describes that the proteins expressed by the cell of the present disclosure
have a higher SCT glycan percentage compared to the same proteins expressed by a parental cell
used to produce the cells of the present disclosure. In some embodiments, the SCT glycan
percentage is 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200%, 300%, 400%,
500% higher than that of the proteins expressed by a parental cell, or any range defined by the
foregoing endpoints, such as 10% to 500%, 10% to 400%, 10% to 300%, 10% to 200%, 10% to
100%, 10% to 90%, 10% to 80%, 10% to 70%, 10% to 60%, 10% to 50%, 10% to 40%, 10% to
30%, 10% to 20%, 30% to 500%, 30% to 400%, 30% to 300%, 30% to 200%, 30% to 100%,
30% to 90%, 30% to 80%, 30% to 70%, 30% to 60%, 30% to 50%, or 30% to 40%. In certain
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embodiments, the SCT glycan percentage is enriched to 1.2, 1.5,2,2.5,3,3.5,4,45,5,55,6,
6.5,7,75,8,85,9,9.5, or 10 times the SCT glycan percentage of the proteins expressed by a
parental cell, or any range defined by the foregoing endpoints, such as 1.2 to 10 times, 1.2to 9
times, 1.2 to 8 times, 1.2 to 7 times, 1.2 to 6 times, 1.2 to 5 times, 1.2 to 4 times, 1.2 to 3 times,
1.2 to 2 times, 2 to 10 times, 2 to 9 times, 2 to 8 times, 2 to 7 times, 2 to 6 times, 2 to 5 times, 2
to 4 times, 2 to 3 times, 5 to 10 times, 5 to 9 times, 5 to 8 times, 5 to 7 times, or 5 to 6 times. In
certain embodiments, the glycan is a mono-antennary or bi-antennary a2-6 sialyl complex type
(SCT) glycan. In some embodiments, the glycan is a galactose-rich SCT glycan with or without
core-fucose. In some other embodiments, the glycan is a fully galactosylated SCT glycan with

or without core-fucose.

[0057] In certain embodiments, the glycoprotein (e.g., a recombinant glycoprotein) is an
antibody or an antigen-binding fragment thereof. A basic antibody unit is a heterotetrameric
glycoprotein composed of two identical light (L) chains and two identical heavy (H) chains.
Each L chain is linked to an H chain by at least one (and typically one) covalent disulfide bond,
while the two H chains are linked to each other by one or more disulfide bonds depending on the
H chain isotype. Each H and L chain also has regularly spaced intrachain disulfide bridges. Each
H chain has at the N-terminus a variable domain (Vn) followed by three constant domains (Cr)
for each of the o and y chains and four Cir domains for p and € isotypes. Each L chain has at the
N-terminus, a variable domain (VL) followed by a constant domain (Cvr) at its other end. The VL
is aligned with the Vu and the Cv is aligned with the first constant domain of the heavy chain
(Cm). Particular amino acid residues are believed to form an interface between the light chain
and heavy chain variable domains. The pairing of a Vi and VL together forms a single antigen-

binding site.

[0058] The L chain from any vertebrate species can be assigned to one of two clearly
distinct types, called kappa (k) and lambda (), based on the amino acid sequences of their
constant domains (Cr). Depending on the amino acid sequence of the constant domain of their
heavy chains (CH), immunoglobulins can be assigned to difterent classes or isotypes. There are
five classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, having heavy chains designated
alpha (a), delta (3), epsilon (g), gamma (y), and mu (p), respectively. The v and o classes are
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further divided into subclasses on the basis of relatively minor differences in CH sequence and
function, e.g., humans express the following subclasses: IgG1, IgG2, 1gG3, [gG4, IgA1, and
IgA2. It will be appreciated that mammals encoding multiple Ig isotypes will be able to undergo

isotype class switching.

[0059] An “antibody fragment” or “antigen-binding fragment of an antibody” is a
polypeptide comprising or consisting of a portion of an intact antibody, preferably the antigen
binding or variable region of the intact antibody. Examples of antibody fragments include an
F(ab’): fragment, an Fv fragment, a single-chain Fv (ScFv) antibody, a diabody, minibody,
nanobody (VuH), and a linear antibody (see U.S. Pat. No. 5,641,870; Zapata et al., Protein Eng.
8(10): 1057-1062 [1995]); single-chain antibody molecules; and multispecific antibodies formed

from antibody fragments.

[0060] Papain digestion of antibodies produces two identical antigen-binding fragments,
called “Fab” fragments, and a residual “Fe” fragment, a designation reflecting the ability to
crystallize readily. The Fab fragment consists of an entire L chain along with the variable region
domain of the H chain (Vu) and the first constant domain of one heavy chain (Cu1). Each Fab
fragment is monovalent with respect to antigen binding, i.e., it has a single antigen-binding site.
Pepsin treatment of an antibody yields a single large F(ab’)z fragment that roughly corresponds
to two disulfide linked Fab fragments having divalent antigen-binding activity and is still capable
of cross-linking antigen. Both the Fab and F(ab’) are examples of “antigen-binding fragments.”
Fab’ fragments differ from Fab fragments by having an additional few residue at the carboxy
terminus of the CH1 domain, including one or more cysteines from the antibody hinge region.
Fab’-SH is the designation herein for Fab’ in which the cysteine residue(s) of the constant
domains bear a free thiol group. F(ab’ ). antibody fragments originally were produced as pairs of
Fab’ fragments that have hinge cysteines between them. Other chemical couplings of antibody

fragments are also known.

[0061] The “Fc¢” fragment comprises the carboxy-terminal portions (i.e., the Cnz and Cn3
domains of IgG) of both H chains held together by disulfides. The effector functions of
antibodies are determined by sequences in the Fc region. The Fc domain is the portion of the

antibody recognized by cell receptors, such as the FcR, and to which the complement-activating
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protein, C1q, binds. As discussed herein, modifications (e.g., amino acid substitutions) may be
made to an Fc domain in order to modify (e.g., improve, reduce, or ablate) one or more

functionality of an Fc-containing polypeptide (e.g., an antibody of the present disclosure).

[0062] “Fv” is the minimum antibody fragment that contains a complete antigen-
recognition and antigen-binding site. This fragment consists of a dimer of one heavy- and one
light-chain variable region domain in tight, non-covalent association. From the folding of these
two domains emanate six hypervariable loops (three loops each from the H and L chain) that
contribute the amino acid residues for antigen binding and confer antigen binding specificity to
the antibody. However, even a single variable domain (or half of an Fv comprising only three
CDRs specific for an antigen) has the ability to recognize and bind antigen, although typically at

a lower affinity than the entire binding site.

[0063] “Single-chain Fv” also abbreviated as “sFv” or “scFv”, are antibody fragments that
comprise the VH and VL antibody domains connected into a single polypeptide chain.
Preferably, the sFv polypeptide further comprises a polypeptide linker between the VH and VL
domains that enables the sFv to form the desired structure for antigen binding. For a review of
sFv, see Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and

Moore eds., Springer-Verlag, New York, pp. 269-315 (1994); Borrebaeck 1995, infra.

[0064] The term “diabodies” refers to small antibody fragments prepared by constructing
sFv fragments (see preceding paragraph) with short linkers (about 5-10 residues) between the Vu
and VL domains such that inter-chain but not intra-chain pairing of the V domains is achieved,
resulting in a bivalent fragment, i.e., fragment having two antigen-binding sites. Bispecific
diabodies are heterodimers of two “crossover” sFv fragments in which the Vu and Vi domains of
the two antibodies are present on different polypeptide chains. Diabodies are described more
fully in, for example, EP 404,097; WO 93/11161; and Hollinger et al., Proc. Natl. Acad. Sci.
USA, 90:6444-6448 (1993). Other antibody fragments and molecules comprising the same
include, for example, linear antibodies, tandem scFv, scFv-Fc, tandem scFv-Fc, scFv dimer,
scFv-zipper, diabody-Fc, diabody-Cus, scDiabodies, scDiabody-Fc, scDiabody-CH3,
nanobodies, TandAbs, minibodies, miniantibodies, triabodies, tetrabodies, scFab, Fab-scFv, Fab-

scFv-Fc, scFv-CH-CL-scFv, and F(ab’)2-scFv2, all of which are also contemplated herein.
16
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[0065] In the embodiments that the glycoprotein is an antibody or an antigen-binding
fragment thereof, the glycan can be located on a heavy chain or an Fc region. It is important to
note that the glycosylation site of an antibody that regulates the antibody functions can differ
from subtype to subtype. For example, the preBCR assembly is important for B cell development
and is critically regulated by the N-glycan at N46 on pHC. The N-glycan at N402 on pHC has
been linked to antibody oligomerization and complement activation. Besides, IgG N-
glycosylation at N297 on YHC plays a critical role in complement activation and Fcy receptor
activation leading to various effector functions. Therefore, in some embodiments, the glycan can

be located on N46, N402, and/or N297 of a heavy chain.

[0066] In certain embodiments, the glycoprotein is Adalimumab (Humira®), Adalimumab-atto
(Amjevita®), Rituximab (Rituxan®), Rituximab -atto (Truxima®), Cetuximab (Erbitux®), Bevacizumab
(Avastin®), Infliximab (Remicade®), Trastuzumab (Herceptin®), Pembrolizumab (Keytruda®), Etanercept
(Enbrel®), Ipilimumab (Yervoy®), Ofatumumab (Arzerra), Golimumab (Simponi®), Atezolizumab
(Tecentrig®), Ocrelizumab (OCREVUS®), Durvalumab (Durvalumab®), Avelumab (Bavencio®),
Nivolumab (Opdivo®), Pertuzumab (Perjeta®), Obinutuzumab (Gazyva®), Gazyvaro Infliximab

(Remicade®™), or Trastuzumab emtansine (Kadcyla®).

[0067] In certain embodiments, the glycoprotein is an immunogenic protein, such as a viral
envelop protein, or a spike protein of a virus. For example, the immunogenic protein can be but

is not limited to an influenza hemagglutinin or a SARS-CoV-2 spike protein.
[0068] Cells for expressing a GlcNAc glycoprotein

[0069] One aspect of the present disclosure provides a cell for expressing a GIcNAc
glycoprotein, wherein the cell is deficient in N-acetylglucosaminyltransferase I (GnTI) activity
and constitutively or controllably expresses an exogenous endoglycosidase. As described herein,
“GlecNAc glycoprotein™ describes that the glycan conjugated on the glycoprotein is composed of
mainly GlcNAc. In some embodiments, the GIcNAc glycan can be a mono-GlcNAc glycan or a

GlcNAc-Fuc glycan. In some embodiments, the glycoprotein is as described above and herein.

[0070] The exogenous endoglycosidase can be but is not limited to an endoglycosidase H

(Endo H) or an endoglycosidase S2 (Endo S2). In certain embodiments, the exogenous
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endoglycosidase comprises an amino acid sequence as set forth in SEQ ID NO: 15 or SEQ ID
NO: 16. In some certain embodiments, the cell comprises a nucleic acid configured to encode the
exogenous endoglycosidase, wherein the nucleic acid might comprise a nucleotide sequence as
set forth in SEQ ID NO: 17 or SEQ ID NO: 18. The nucleic acid can be controlled under a
constitutive or an activable promoter. The constitutive promoter can be but is not limited to a
CMYV promoter, a T7 promoter, an EF1A promoter, a CAG promoter, or an SV40 promoter. The
activable promoter provides a controllable expression of the exogenous sialyltransferase and the
exogenous galactosyltransferase. The activable promoter can be but is not limited to a
Tetracycline-Inducible Promoter (activable by doxycycline) or a dihydrofolate reductase

(DHFR) gene promoter(used to select and amplify gene expression).

[0071] As described herein, “deficient in N-acetylglucosaminyltransferase I (GnTI)
activity” means that the cell does not have a functioning N-acetylglucosaminyltransferase I,
which can result from knocking out an endogenous gene encoding the N-
acetylglucosaminyltransferase I or a mutation at the gene causing missense, nonsense, or
frameshift silent of the gene. Without wishing to be bound by any theories, a cell deficient in
GnTI activity produces a mannose-rich glycan, which is preferentially cleaved by an

endoglycosidase, thereby generating a GIcNAc glycoprotein.

[0072] Parent cell. In some embodiments, the cell of the present disclosure is derived from
a parent cell, which can be a mammalian cell. In some embodiments, the parent cell is deficient
in N-acetylglucosaminyltransferase I (GnTI) activity. In some other embodiments, the parent cell
is not deficient in acetylglucosaminyltransferase I (GnTI) activity, while the cell of the present
disclosure is genetically engineered to be deficient in GnTI activity. In some embodiments, the
parent cell and/or the cell of the present disclosure are deficient in fucosyltransferase 8 activity.
In certain embodiments, the parent cell and/or the cell of the present disclosure are deficient in a
FUT8 gene encoding a product of the fucosyltransferase activity. In some embodiments, the
parent cell and/or the cell of the present disclosure are or are derived from a Chinese hamster
ovary (CHO) cell or a HEK293 cell. The CHO cell can be but is not limited to ExpiCHO, CHO-
K1, CHO-C, CHOZN, and CHOK 1Q, and the HEK293 cell can be Expi293F™ GnTI KO.
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[0073] Cells for expressing a recombinant glycoprotein. In some embodiments, the cell
further comprises a payload nucleic acid configured to encode a recombinant glycoprotein, and
the expression of the payload nucleic acid is controlled by a constitutive or an activable
promoter. The constitutive promoter and the activable promoter are as described above and
herein. In some embodiments, the recombinant glycoprotein expressed or produced by the cell is

conjugated with a glycan. In certain embodiments, the glycan can be an N-linked glycan.
[0074] PRODUCTION OF THE CELLS OF THE PRESENT DISCLOSURE

[0075] The production of the cells according to an embodiment of the present disclosure
entails engineering a parent cell so that the engineered cell expresses the exogenous enzymes. In
some embodiments, the production of the cells entails engineering a parent cell to knock in
and/or knock out a gene of interest. In some embodiments, the engineering can be performed

using transfection approaches or gene editing approaches, which can be either stable or transient.
[0076] Transfection

[0077] The transfection can be conducted using any conventional methodologies with the
consideration of high transfection efficiency, minimal cell toxicity, low or no significant effects

on normal physiology, and ease of operation.

[0078] In some embodiments, the transfection can be performed using virus-mediated
methods. The virus-mediated methods use a viral vector to bring a nucleic acid configured to
encode a desired gene product into a host cell. Some commonly used viral vectors include but
are not limited to Adenovirus, Adeno-associated virus, retrovirus murine leukemia virus, Herpes
simplex virus, Vaccinia virus, and Sindbis virus. Virus-mediated methods are highly effective,
given the infectious nature of the viral particles. The downsides of these methods, however, lie in
the concerns of immunogenicity and cytotoxicity. Nevertheless, many virus-mediated methods
have been well-studied and developed to ease the concerns. Besides, in some embodiments, the
cell of the present disclosure is used to produce a desired glycoprotein in which uses, the
transfection is not performed on a patient or a human subject directly. Therefore, the

immunogenicity and cytotoxicity concerns are less critical for the present disclosure.
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[0079] In some embodiments, the transfection can be performed using chemical methods,
such as using a cationic polymer, calcium phosphate, a cationic lipid, or a cationic amino acid.
Specific examples of chemical methods include but are not limited to using DEAE-dextran,
polyethyleneimine, dendrimer, polybrene, calcium phosphate, lipofectin, DOTAP, lipofectamine,
CTAB/DOPE, or DOTMA. The underlying principle of those methods is using those positively
charged chemicals to make nucleic acid/chemical complexes with negatively charged nucleic
acids. The nucleic acid/chemical complexes are believed to be attracted to the negatively charged
cell membrane and pass through it eventually via endocytosis, phagocytosis, or both. The
efficiency of those chemical methods can be affected by several factors including the nucleic

acid/chemical ratio, pH value of the environment, and cell membrane conditions.

[0080] In some embodiments, the transfection can be performed using physical methods,
such as direct microinjection, biolistic particle delivery, electroporation, laser-based transfection,
ultrasound transfection, and magnetofection. Those methods can be useful but usually require a

higher skill level and are labor-intensive.
[0081] Genome editing

[0082] In some embodiments, the engineering can be performed using genome editing. The
genome editing methods can be non-targeted gene editing, such as Sleeping Beauty transposon
or I-Scel meganuclease-mediated transposon, or targeted gene editing, such as using
transcription activator-like effector nuclease (TALEN) or clustered regularly interspaced short
palindromic repeats (CRISPR)/CRISPR-associated protein. Gene editing provides integration of

the exogenous nucleic acid into the genome of the host cell (parent cell).

[0083] The targeted gene editing methods induce DNA double-strand breaks (DSBs) at a
targeted locus, which enable the opportunities to alter the function (inserting an exogenous gene
or silencing an endogenous gene) of a gene of interest. The TALEN approach entails using a
chimeric molecule consisting of a transcription activator-like effector (TALE) domain and a Fok/
nuclease catalytic domain. The TALE domain comprises a DNA-binding motif, which can be
designed to target a specific locus of the host cell’s genome. Normally, a pair of two chimeric

molecules, each targeting the forward and reverse directions respectively, are required. Once the
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TALE domains bind the targeted locus in the forward and reverse directions, the Fok/ nuclease
catalytic domains of the pair of two chimeric molecules form a dimer, thereby activating the
catalytic activity of the nuclease to cleave the DNA and generate a DSB. The CRISPR method
comprises using a complex of Cas protein and a guide RNA. The guide RNA comprises a
scaffold sequence for Cas-binding and a spacer (around 20 nucleotides) having a complementary
sequence to a specific locus of the host cell’s genome. Normally, the spacer must have a
sequence that is unique and specific to the target locus to prevent off-target binding, and the
target locus is followed by a protospacer adjacent motif (PAM) site, which is necessary for Cas
protein recognition. Once the guide RNA/Cas protein complex binds to the target site, the Cas

nuclease activity will be activated and cleave the DNA to generate a DCB.

[0084] The DSBs induced can be repaired by three different repair mechanisms, including
homology-directed repair (HDR), non-homologous end joining (NHEJ), and micro-homology-
mediated end joining (MMEJ). In the process of the repair mechanism, deletion or frameshift can
result in gene silence, or, by using a donor vector comprising microhomology sequences
homologous to a targeted locus, the repair mechanism can efficiently induce a targeted

integration of exogenous genes into the genome.

[0085] METHODS FOR GLYCOENGINEERING A RECOMBINANT
GLYCOPROTEIN AND RECOMBINANT GLYCOPROTEINS OBTAINED THEREBY

[0086] One aspect of the present disclosure provides a method for glycoengineering a
recombinant glycoprotein. The method comprises delivering an expression vector into a cell
according to an embodiment of the present disclosure, wherein the expression vector comprises a
payload nucleic acid configured to encode a recombinant glycoprotein; and expressing the
payload nucleic acid in the cell, thereby obtaining a plurality of recombinant glycoproteins,

where at least one recombinant glycoprotein of the plurality is conjugated with a desired glycan

[0087] The glycoprotein can be as those described herein. In certain embodiments, the
glycoprotein is a therapeutic antibody or an antigen-binding fragment thereof. In the
embodiments that the glycoprotein is an antibody or an antigen-binding fragment thereof, the

glycan can be located on a heavy chain or an Fc region. In some embodiments, the glycan is
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located at a glycosylation site of the antibody. In certain embodiments, the glycan can be located

on N46, N402, and/or N297 of a heavy chain.

[0088] As used herein, “glycoengineering” refers to producing the recombinant
glycoprotein using the cell whereby the recombinant glycoprotein carries or is conjugated with a
desired glycoform or desired glycan. In some embodiments, at least 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 99%, or 100% of them carry the desired glycoform (e.g., a
sialylated glycan or a GIcNAc glycan), or an integer ranging between any of the above two
numbers, or any range defined by the foregoing endpoints, such as 50 to 100%, 50 to 99%, 50 to
95%. 50 to 90%, 50 to 85%, 50 to 80%, 50 to 75%. 50 to 70%, 50 to 65%. 50 to 60%., 50 to 55%,
60 to 100%, 60 to 99%, 60 to 95%, 60 to 90%, 60 to 85%, 60 to 80%, 60 to 75%, 60 to 70%, 60
10 65%, 70 to 100%, 70 to 99%, 70 to 95%, 70 to 90%, 70 to 85%, 70 to 80%, 70 to 75%, 80 to
100%, 80 to 99%, 80 to 95%, 80 to 90%, 80 to 85%, 90 to 100%, 90 to 99%, or 90 to 95%.

[0089] In some embodiments, the plurality of recombinant glycoproteins is conjugated
with the desired glycoform (e.g., a sialylated glycan or a GIcNAc glycan) at homogeneity of at
least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%,
18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%,
34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 42%, 43%, 44%, 45%, 46%, 47%, 48%,
49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%,
65%, 66%, 67%, 68%, 69%. 70%. T1%, 72%, 73%., T4%. 75%, 76%, T7%, 78%. 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%., 98%, 99%, or 100%, or any range defined by the foregoing endpoints, such as 1% to
100%, 1% to 90%, 1% to 80%, 1% to 70%, 1% to 60%, 1% to 50%, 1 % to 40%, 1% to 30%,
1% to 20%, 1% to 10%, 5% to 100%, 5% to 95%, 5% to 85%, 5% to 75%, 5% to 65%, 5% to
55%, 5% to 45%, 5% to 35%, 5% to 25%, 5% to 10%, 10% to 100%, 10% to 99%, 10% to 95%,
10% to 90%, 10% to 85%, 10% to 80%, 10% to 75%, 10% to 70%, 10% to 65%, 10% to 60%,
10% to 55%, 10% to 50%, 10% to 45%, 10% to 40%, 10% to 35%, 10% to 30%, 10% to 25%,
10% to 20%, 10% to 15%, 20% to 100%, 20% to 99%, 20% to 95%, 20% to 90%, 20% to 85%,
20% to 80%, 20% to 75%, 20% to 70%, 20% to 65%, 20% to 60%, 20% to 55%, 20% to 50%,
20% to 45%, 20% to 40%, 20% to 35%, 20% to 30%, 20% to 25%, 40% to 100%, 40% to 99%,
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40% to 95%, 40% to 90%, 40% to 85%, 40% to 80%, 40% to 75%, 40% to 70%, 40% to 65%,
40% to 60%, 40% to 55%, 40% to 50%, 60% to 100%, 60% to 99%, 60% to 95%, 60% to 90%,
60% to 85%, 60% to 80%, 60% to 75%, 50% to 100%, 50% to 99%, 50% to 95%, 50% to 90%,
50% to 85%, 50% to 80%, 50% to 75%, 50% to 70%, 50% to 65%, 50% to 60%, 55% to 100%,
55% to 99%, 55% to 98%, 55% to 97%, 55% to 96%, 55% to 95%, 55% to 94%, 55% to 93%,
55% to 92%, 55% to 91%, 55% to 90%, 55% to 85%, 55% to 80%, 55% to 75%, 55% to 70%,
55% to 65%, 55% to 60%, 70% to 100%, 70% to 99%, 70% to 95%, 70% to 90%, 70% to 85%,
70% to 80%, 70% to 75%, 80% to 100%, 80% to 99%, 80% to 95%, 80% to 90%, 80% to 85%,
90% to 100%, 90% to 99%, or 90% to 95%, including or excluding any foregoing numbers. All

numbers can be modified by “about,” which is defined herein.

[0090] In some embodiments, the cell is according to the cell of the present disclosure
described above for expressing a sialylated glycoprotein. In some embodiments, the sialylated
glycoprotein comprises a sialyl complex type (SCT) glycan. In some embodiments, the method
of the present disclosure is configured to express an SCT-enriched protein, which is defined as
described herein. In some other embodiments, the cell is according to the cell of the present

disclosure above for expressing a GIcNAc glycoprotein, which is defined as described herein.

[0091] In some embodiments, the method further comprises harvesting the recombinant
glycoprotein within 200, 180, 150, 120, 100, 80, 50, 30, 20, 10, 5, or 1 hour from the expression
of the payload nucleic acid, or an integer ranging between any of the above two numbers, or any
range defined by the foregoing endpoints, such as 1 to 200 hours, 1 to 180 hours, 1 to 150 hours,
1 to 120 hours, 1 to 100 hours, 1 to 80 hours, 1 to 50 hours, 1 to 30 hours, 1 to 20 hours, 1 to 10
hours, 1 to 5 hours, 5 to 200 hours, 5 to 180 hours, 5 to 150 hours, 5 to 120 hours, 5 to 100 hours,
5 to 80 hours, 5 to 50 hours, 5 to 30 hours, 5 to 20 hours, or 5 to 10 hours. In some embodiments,
the recombinant glycoprotein is harvested within 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1 day from the
expression of the payload nucleic acid, or an integer ranging between any of the above two
numbers, or any range defined by the foregoing endpoints, such as 1 to 10 days, 1 to 9 days, 1 to
8 days, 1 to 7 days, 1 to 6 days, 1 to 5 days, 1 to 4 days, 1 to 3 days, or 1 to 2 days. As described
herein, “from the expression of the payload nucleic acid” means starting from the time point that

the expression vector is delivered into the cell, or starting from the time point that the expression
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vector is delivered into the cell and the promoter controlling the expression of the payload

nucleic acid is activated.

[0092] In some embodiments, the expression of the payload nucleic acid is constitutive or
controllable. In certain embodiments, the expression of the payload nucleic acid is controlled by
a constitutive promoter or an activable promoter. The constitutive promoter can be but is not
limited to a CMYV promoter, a T7 promoter, an EF1A promoter, a CAG promoter, or an SV40
promoter. The activable promoter provides a controllable expression of the exogenous
sialyltransferase and the exogenous galactosyltransferase. The activable promoter can be but is
not limited to a Tetracycline-Inducible Promoter (activable by doxycycline) or a dihydrofolate

reductase (DHFR) gene promoter (used to select and amplify gene expression).

[0093] In some embodiments, the expression vector can be delivered via gene engineering,
which can be performed using transfection approaches or gene editing approaches, which can be
either stable or transient. The transfection approaches and the gene editing approaches can be as

those described herein for producing the cells of the present disclosure.

[0094] Another aspect of the present disclosure provides a plurality of recombinant
glycoproteins, wherein at least 50% of the plurality of the recombinant glycoproteins is
configured with a desired glycan, which can be a sialylated glycan or a GIcNAc glycan. The
recombinant glycoprotein can be described herein. In certain embodiments, the plurality of
recombinant glycoproteins is obtained by using the methods for glycoengineering a recombinant

glycoprotein of the present disclosure.

[0095] In some embodiments, the plurality of recombinant glycoproteins is a plurality of
enriched recombinant glycoprotein. The term “enriched” describes that the plurality of
recombinant glycoproteins of the present disclosure have a higher or enriched desired glycan
percentage compared to the same proteins expressed by a parental cell or a wild-type cell used to
produce the cells of the present disclosure, or the plurality of recombinant glycoproteins of the
present disclosure have a higher or enriched desired glycan percentage compared to the desired
glycan percentage of a plurality of naturally-occurred proteins having the same or similar amino

acid sequences. In some embodiments, the desired glycan percentage is enriched by at least 30%,
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35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 150%, 200%,
250%, 300%, 350%, 400%, 450%, or 500%, or an integer ranging between any of the above two
numbers, or any range defined by the foregoing endpoints, such as 10% to 500%, 10% to 400%,
10% to 300%, 10% to 200%, 10% to 100%, 10% to 90%, 10% to 80%, 10% to 70%, 10% to
60%, 10% to 50%, 10% to 40%, 10% to 30%, 10% to 20%, 30% to 500%, 30% to 400%, 30% to
300%, 30% to 200%, 30% to 100%, 30% to 90%, 30% to 80%, 30% to 70%, 30% to 60%, 30%
to 50%, or 30% to 40%, including or excluding any foregoing numbers. All numbers can be
modified by “about,” which is defined herein. In certain embodiments, the desired glycan
percentage is enrichedto 1.2, 1.5,2,25,3,3.5,4,45,5,55,6,65,7,7.5,8,85,9,95, or 10
times the SCT glycan percentage of the proteins expressed by a parental cell, or an integer
ranging between any of the above two numbers, or any range defined by the foregoing endpoints,
such as 1.2 to 10 times, 1.2 to 9 times, 1.2 to 8 times, 1.2 to 7 times, 1.2 to 6 times, 1.2t0 5
times, 1.2 to 4 times, 1.2 to 3 times, 1.2 to 2 times, 2 to 10 times, 2 to 9 times, 2 to 8 times, 2to 7
times, 2 to 6 times, 2 to 5 times, 2 to 4 times, 2 to 3 times, 5 to 10 times, 5 to 9 times, 5 to 8
times, 5 to 7 times, or 5 to 6 times, including or excluding any foregoing numbers. All numbers

can be modified by “about,” which is defined herein.

[0096] In some embodiments, the desired glycan percentage is enriched by at least 51%,
52%, 53%, 54%, 55%, 56%, 57%, 58%., 59%., 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, or 95%, or an integer ranging
between any of the above two numbers, or any range defined by the foregoing endpoints, such as
51% to 95%, 51% to 94%, 51% to 93%, 51% to 92%, 51% to 91%, 51% to 90%, 51% to 85%,
51% to 80%, 51% to 75%, 51% to 70%, 51% to 65%, 51% to 60%, 55% to 95%, 55% to 90%,
55% to 85%, 55% to 80%, 55% to 75%, 55% to 70%, 55% to 65%, 55% to 60%, 60% to 95%,
60% to 90%, 60% to 85%, 60% to 80%, 60% to 75%, 60% to 70%, 60% to 65%, 70% to 95%,
70% to 90%, 70% to 85%, 70% to 80%, or 70% to 75%, including or excluding any foregoing

numbers. All numbers can be modified by “about,” which is defined herein.

[0097] In some embodiments, at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 99%, or 100% of the plurality of the recombinant glycoprotein carry the desired glycoform
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(e.g., a sialylated glycan or a GIcNAc glycan), or an integer ranging between any of the above
two numbers, or any range defined by the foregoing endpoints, such as 50 to 100%, 50 to 99%,
50 to 95%, 50 to 90%, 50 to 85%, 50 to 80%, 50 to 75%, 50 to 70%, 50 to 65%, 50 to 60%, 50 to
55%, 60 to 100%, 60 to 99%, 60 to 95%, 60 to 90%, 60 to 85%, 60 to 80%, 60 to 75%, 60 to
70%, 60 to 65%, 70 to 100%, 70 to 99%, 70 to 95%, 70 to 90%, 70 to 85%, 70 to 80%, 70 to
75%, 80 to 100%, 80 to 99%, 80 to 95%, 80 to 90%, 80 to 85%, 90 to 100%, 90 to 99%, or 90 to

95%. All numbers can be modified by “about,” which is defined herein.

[0098] In some embodiments, the plurality of recombinant glycoproteins is conjugated
with the sialylated glycan at homogeneity of at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%., 21%, 22%., 23%, 24%, 25%,
26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%,
42%. 42%, 43%, 44%, 45% 46%, 47%, 48%. 49%. 50%. 51%. 52%. 53%. 54%. 55%., 56%,
57%, 58%, 59%, 60%, 61%, 62%., 63%, 64%, 65%., 66%, 67%, 68%., 69%, 70%, 71%, 72%,
73%, 74%, 75%, 76%, T7%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%, or any range defined
by the foregoing endpoints, such as 1% to 100%, 1% to 90%, 1% to 80%, 1% to 70%, 1% to
60%, 1% to 50%, 1 % to 40%, 1% to 30%, 1% to 20%, 1% to 10%, 5% to 100%, 5% to 95%,
5% to 85%, 5% to 75%, 5% to 65%, 5% to 55%, 5% to 45%, 5% to 35%, 5% to 25%, 5% to
10%, 10% to 100%, 10% to 99%, 10% to 95%, 10% to 90%, 10% to 85%, 10% to 80%, 10% to
75%, 10% to 70%, 10% to 65%., 10% to 60%, 10% to 55%, 10% to 50%, 10% to 45%., 10% to
40%, 10% to 35%, 10% to 30%, 10% to 25%, 10% to 20%, 10% to 15%, 20% to 100%, 20% to
99%, 20% to 95%, 20% to 90%, 20% to 85%, 20% to 80%, 20% to 75%, 20% to 70%, 20% to
65%, 20% to 60%, 20% to 55%, 20% to 50%, 20% to 45%, 20% to 40%, 20% to 35%, 20% to
30%, 20% to 25%, 40% to 100%, 40% to 99%, 40% to 95%, 40% to 90%, 40% to 85%, 40% to
80%, 40% to 75%, 40% to 70%, 40% to 65%, 40% to 60%, 40% to 55%, 40% to 50%, 60% to
100%, 60% to 99%, 60% to 95%, 60% to 90%, 60% to 85%, 60% to 80%, 60% to 75%, 50% to
100%, 50% to 99%, 50% to 95%, 50% to 90%, 50% to 85%, 50% to 80%, 50% to 75%, 50% to
70%, 50% to 65%, 50% to 60%, 55% to 100%, 55% to 99%, 55% to 98%, 55% to 97%, 55% to
96%, 55% 10 95%, 55% to 94%, 55% to 93%, 55% to 92%., 55% to 91%, 55% to 90%, 55% to
85%, 55% to 80%, 55% to 75%, 55% to 70%, 55% to 65%, 55% to 60%, 70% to 100%, 70% to
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99%, 70% to 95%, 70% to 90%, 70% to 85%, 70% to 80%, 70% to 75%, 80% to 100%, 80% to
99%, 80% to 95%, 80% to 90%, 80% to 85%, 90% to 100%, 90% to 99%, or 90% to 95%,
including or excluding any foregoing numbers. All numbers can be modified by “about,” which

is defined herein.

[0099] In the embodiments that the cell is according to the cell of the present disclosure
above for expressing a GIcNAc glycoprotein, the method of the present disclosure can further
comprise a transglycosylation step. The transglycosylation step can comprise collecting the
plurality of recombinant glycoproteins expressed in the preceding steps of the method and
incubating the plurality of recombinant glycoproteins with an endoglycosidase and a donor glycan,
thereby conjugating the donor glycan onto at least one glycoprotein of the plurality of recombinant

glycoproteins (i.e., a transglycosylation reaction).

[0100] In some embodiments, the donor glycan comprises an oxazoline moiety configured
to react with the endoglycosidase thereby conjugating the donor glycan onto at least one glycoprotein of
the plurality of recombinant glycoproteins. In certain embodiments, the donor glycan is a sialyl
complex type (SCT) glycan. In some embodiments, the endoglycosidase is an endoglycosidase H (Endo
H), an endoglycosidase S2 (Endo S2), or a derivative thereof. In some embodiments, the derivative of the

Endo S2 comprises an Endo S2 D184 mutant, including but not limited to, a D184M mutant or a D184Q

mutant.

[0101] In some embodiments, the transglycosylation step generates a plurality of
recombinant glycoprotein conjugated with the donor glycan at a homogeneity of at least 1%, 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%., 19%, 20%,
21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 3 1%, 32%, 33%, 34%, 35%, 36%,
37%, 38%, 39%, 40%, 41%. 42%, 42%. 43%. 44%. 45%. 46%., 47%, 48%., 49%. 50%. 51%,
52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%., 89%., 90%, 91%, 92%. 93%, 94%, 95%., 96%, 97%, 98%., 99%. or
100%, or any range defined by the foregoing endpoints, such as 1% to 100%, 1% to 90%, 1% to
80%, 1% to 70%, 1% to 60%, 1% to 50%, 1 % to 40%, 1% to 30%, 1% to 20%, 1% to 10%, 5%
to 100%, 5% to 95%, 5% to 85%, 5% to 75%, 5% to 65%, 5% to 55%, 5% to 45%, 5% to 35%,
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5% to 25%, 5% to 10%, 10% to 100%, 10% to 99%, 10% to 95%, 10% to 90%, 10% to 85%,
10% to 80%, 10% to 75%, 10% to 70%, 10% to 65%, 10% to 60%, 10% to 55%, 10% to 50%,
10% to 45%, 10% to 40%, 10% to 35%, 10% to 30%, 10% to 25%, 10% to 20%, 10% to 15%,
20% to 100%, 20% to 99%, 20% to 95%, 20% to 90%, 20% to 85%, 20% to 80%, 20% to 75%,
20% to 70%, 20% to 65%, 20% to 60%, 20% to 55%, 20% to 50%, 20% to 45%, 20% to 40%,
20% to 35%, 20% to 30%, 20% to 25%, 40% to 100%, 40% to 99%, 40% to 95%, 40% to 90%,
40% to 85%, 40% to 80%, 40% to 75%, 40% to 70%, 40% to 65%, 40% to 60%, 40% to 55%,
40% to 50%, 60% to 100%, 60% to 99%, 60% to 95%, 60% to 90%, 60% to 85%, 60% to 80%,
60% to 75%, 50% to 100%, 50% to 99%, 50% to 95%, 50% to 90%, 50% to 85%, 50% to 80%,
50% to 75%, 50% to 70%, 50% to 65%, 50% to 60%, 55% to 100%, 55% to 99%, 55% to 98%,
55% to 97%, 55% to 96%, 55% to 95%, 55% to 94%, 55% to 93%, 55% to 92%, 55% to 91%,
55% to 90%, 55% to 85%, 55% to 80%, 55% to 75%, 55% to 70%, 55% to 65%, 55% to 60%,
70% to 100%, 70% to 99%, 70% to 95%, 70% to 90%, 70% to 85%, 70% to 80%, 70% to 75%,
80% to 100%, 80% to 99%, 80% to 95%, 80% to 90%, 80% to 85%, 90% to 100%, 90% to 99%,
or 90% to 95%, including or excluding any foregoing numbers. All numbers can be modified by

“about,” which is defined herein.
[0102] DEFINITION

[0103] Unless specifically defined otherwise, 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
disclosure belongs. Unless mentioned otherwise, the techniques employed or contemplated
herein are standard methodologies well known to one of ordinary skill in the art. The practice of
the present disclosure will employ, unless otherwise indicated, conventional techniques of
microbiology, tissue culture, molecular biology, chemistry, biochemistry, and recombinant DNA
technology, which are within the skill of the art. The materials, methods, and examples are
illustrative only and not limiting. The following is presented by way of illustration and is not

intended to limit the scope of the disclosure.

[0104] Numbers expressing quantities of ingredients, properties such as homogeneity,
enrich level, molecular weight, reaction conditions and results, and so forth, used to describe and

claim certain embodiments of the present disclosure are to be understood as being modified in
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some instances by the term "about." A skilled artisan in the field would understand the meaning
of the term "about" in the context of the value that it qualifies. The numerical values presented in
some embodiments of the present disclosure may contain certain errors resulting from the
standard deviation in their respective testing measurements. For example, the term “about,” as
used herein, refers to a measurable value such as an amount, a temporal duration, and the like
and is meant to encompass variations of £5%, £1%, or +0.1% from the specified value, as such

variations are appropriate.

[0105] As used herein, “substantially” means sufficient to work for the intended purpose.
The term “substantially” thus allows for minor, insignificant variations from an absolute or
perfect state, dimension, measurement, result, or the like, such as expected by a person of
ordinary skill in the field, but that does not appreciably affect overall performance. When used
with respect to numerical values or parameters or characteristics expressed as numerical values,

“substantially” means within ten percent.

[0106] As used herein, "treat," "treatment," and "treating " refer to an approach for
obtaining beneficial or desired results, for example, clinical results. For this disclosure, beneficial
or desired results may include inhibiting or suppressing the initiation or progression of an
infection or a disease; ameliorating, or reducing the development of, symptoms of an infection or

disease; or a combination thereof.

[0107] As used herein, "preventing" and "prevention" are used interchangeably with
"prophylaxis" and can mean complete prevention of infection or prevention of the development
of symptoms of that infection, a delay in the onset of a disease or its symptoms; or a decrease in

the severity of a subsequently developed infection or its symptoms.

[0108] As used herein, “glycan” refers to a polysaccharide, oligosaccharide, or
monosaccharide. Glycans can be monomers or polymers of sugar residues and can be linear or
branched. A glycan may include natural sugar residues (e.g., glucose, N-acetylglucosamine, N-
acetyl neuraminic acid, galactose, mannose, fucose, hexose, arabinose, ribose, xylose, etc.)
and/or modified sugars (e.g., 2’-fluororibose, 2’-deoxyribose, phosphomannose, 6° sulfo N-

acetylglucosamine, etc.).
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[0109] As used herein, a “recombinant glycoprotein” or a “recombinant protein” is a
protein produced by introducing an engineered nucleic acid into a host organism, like bacteria,
yeast, or mammalian cells using laboratory or industrial processes, and in some situations,

isolated or purified for clinical or industrial uses.
[0110] EXAMPLE

[0111] EXAMPLE 1: Manufacturing Exemplary CHO Cells of The Present

Disclosure for Expressing a Sialylated Glycoprotein

[0112] This experiment manufactured an exemplary cell according to an embodiment of
the present disclosure from a parental CHO cell. ExpiCHO cells (Thermo Fisher Scientific) were
purchased and maintained ExpiCHO™ Expression Medium according to the product manual.
Then, the cells were transferred with a SWG-006 plasmid (i.e. an expression vector) using an
ExpiFectamine™ CHO Transfection Kit according to the manufacturer’s instructions. The SWG-
006 plasmid (SEQ ID NO: 23) was made of pcDNAT™3 1 plasmid and was constructed with a
CMYV enhancer, a CMV promoter, a STOGALI gene (SEQ ID NO: 10), a P2A sequence (SEQ
ID NO: 19), and a BAGALTI1 gene (SEQ ID NO: 14). Alternatively, cells were co-transfected
with a STO6GALI plasmid (SEQ ID NO: 25) and a B4GALT]1 plasmid (SEQ ID NO: 26), each
was constructed to express the ST6GAL1 gene and the BAGALT1 gene separately under a CMV

promoter.

[0113] Then, the cells were transfected with an Adalimumab plasmid (pcDNA2 TADA,
SEQ ID NO: 27) using the ExpiFectamine™ CHO Transfection Kit to express Adalimumab
(Humira). Three days after the transfection, the transfected cells (a transient clone) were washed
with staining buffer (EDTA 1 mM, NaN3 0.02%, BSA 1%, in PBS) and stained with biotinylated
SNA (VectorLabs), which is designed to bind a sialic acid linked to a N-acetylgalactosamine or
galactose. After being washed, the cells were stained with Streptoavidin-Alexa647 (BioLegend)
and analyzed using flow cytometry (BD LSRFortessa).

[0114] The results (FIG. 1) showed transfection with the SWG-006 plasmid or co-
transfected with the STOGAL1 plasmid and the BAGALT]1 plasmid were able to promote o2,6-

sialylation. In comparison, the parent CHO cell (ExpiCHO cells) does not have an endogenous
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a2,6-sialyltransferase, so no signal was detected from untransfected cells. Most importantly, the
results also showed that transfection with the SWG-006 plasmid provided higher a.2,6-sialylation
than co-transfection with the STOGAL1 plasmid and the B4GALT1 plasmid.

[0115] Similarly, another exemplary cell according to an embodiment of the present
disclosure was made by transfecting an ExpiCHO cell (Thermo Fisher Scientific) using the
ExpiFectamine™ CHO Transfection Kit with a SWG-015 plasmid (SEQ ID NO: 24). The SWG-
015 vector wad made of pcDNAT™3 1 plasmid and was constructed with a CMV enhancer, a
CMYV promoter, a modified PspST gene (SEQ ID NO: 12), a P2A sequence (SEQ ID NO: 19),
and a BAGALTI gene (SEQ ID NO: 14). The cell was also transfected with the Adalimumab
plasmid (pcDNA2 TADA, SEQ ID NO: 27) to express Adalimumab (Humira). Then, the
sialylation of Adalimumab produced by the cell, which is also a transient clone, was observed
using SNA staining as described above. The cell transfected with the SWG-006 vector was also
examined to compare with the cell transfected with the SWG-015 vector. The results showed that
the cell transfected with the SWG-015 provided a similar level of sialylation as that of the cell
transfected with the SWG-006 vector (FIG. 2).

[0116] EXAMPLE 2: Stabilization of the exemplary cells of the present disclosure

[0117] Plasmid SWG-006 was linearized by digestion with Pvul and then purification. The
linearized SWG-006 was transfected into EXPICHO cells by using ExpiFectamine™ CHO
Transfection Kit (Thermo Fisher Scientific) according to the manufacturer’s instructions. On day
2 post-transfection, G418 was added at 400 ug/ml for drug selection. After recovering to 90%
survival, the cells were stained with biotinylated SNA and then streptavidin- BV421 wherein the
SNA bound endogenous membrane proteins produced by the cells. The cells were then sorted for
high SNA binding by using WOLF G2 Cell Sorter (Nanocellect Biomedical, Inc.) into single
cells cultured in 96 well plates. After a period of time of culture, the single clone cells were
stained with biotinylated SNA and then streptavidin-APC and analyzed by using flow cytometry
to select clones with highly surface alpha2,6-sialylation. The selected cells (>99% SNA positive)
were then transfected with Adalimumab expression plasmid (SEQ ID NO: 27) to overexpress

Adalimumab. The expressed Adalimumab was purified by using protein A beads and analyzed
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by using an SNA hybridization blot to select clones that were able to express highly alpha2,6-
sialylation Adalimumab. The glycoform of Adalimumab was further analyzed by LC/MS-MS.

[0118] The LC/MS-MS data shows that the four stabilized clones tested in this example,
SAII-A3, SAI-GI, SAI-D4, and SAI-F12, all expressed a high percentage of sialylation of
Adalimumab. The stabilized Clone SAII-A3 showed 70.9 % (about 70% to 72%) sialylation of
the Adalimumab it expressed (FIG. 3A); the stabilized Clone SAI-G1 showed 55.39 % (about
55% to 57%) sialylation of the Adalimumab it expressed (FIG. 3B); the stabilized Clone SAI-D4
showed 16.8 % (about 16% to 18%) sialylation of the Adalimumab it expressed (FIG. 3C); and
the stabilized Clone SAI-F12 showed 36.14 % (about 36% to 38%) sialylation of the
Adalimumab it expressed (FIG. 3D). In comparison, the Adalimumab expressed by the parental
cell did not show significant sialylation (FIG. 3E).

[0119] EXAMPLE 3: Glycoengineering Adalimumab using an exemplary stabilized

cell according to the present disclosure

[0120] In this experiment, a stabilized clone (SAII-A3) of the SWG-006 cells obtained as

described in Example 2 above was transfected with an Adalimumab expression vector (SEQ ID

NO: 27) using an ExpiFectamine™ CHO Transfection Kit (Thermo Fisher Scientific) according
to the manufacturer’s instructions to express Adalimumab, and the glycoform thereof was

observed and compared with the same antibody expressed by a parent cell (ExpiCHO cell).

[0121] Briefly, cells were diluted to a final density of 5x1076 viable cells/mL with fresh 15
mL ExpiCHO™ Expression Medium in a flask, pre-warmed to 37°C. The flask was then swirled
gently. The cells were then maintained in a 37° C incubator with a humidified atmosphere of 8%
COz in the air on a 125 rpm orbital shaker before transfection. Plasmid DNA (i.e., the expression
vector of SEQ ID NO: 27, 12 pg) was diluted with 0.6 mL of cold OptiPRO™ medium, and
ExpiFectamine™ CHO Reagent (48 uL) was diluted with 552 pL of cold OptiPRO™ medium.
The dilated DNA was then mixed with the diluted ExpiFectamine™ CHO Reagent to obtain
ExpiFectamine™ CHO/plasmid DNA complexes. The ExpiFectamine™ CHO/plasmid DNA
complexes were added to the cell culture in a 37° C incubator with a humidified atmosphere of

8% COz2 in the air on a 125 rpm orbital shaker. After transfection, 90 ul ExpiFectamine™ CHO
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Enhancer and 3.6 ml ExpiCHO™ Feed volumes were added to the cells. The cells in the flask
were then maintained in the 37° C incubator with a humidified atmosphere of 8% CO2 with
shaking. After 8—10 days post-transfection, the supernatant of the cell culture was harvested for

protein purification.

[0122] Then, the antibodies produced by the SAII-A3 cells and the parental EXPICHO
cells were isolated respectively using protein A beads (GE HealthCare). Briefly, 15 mL
supernatant was passed through the 200 uL protein A column. The column was washed with 10-
column volume (CV) PBS. The bound antibody was eluted with 15 CV 0.1 M glycine pH=3. The
yielding antibodies were dialysis against 10 mM ammonium acetate. The antibodies were then
reduced using 25 mM DTT and analyzed by LC/MS-MS. A commercial product of Adalimumab

(Humira®) was purchased and analyzed using LC/MS-MS as a control.

[0123] The LC/MS-MS data shows that the Adalimumab produced by the exemplary cells
of the present disclosure had a variety of sialylated glycans (See FIG. 4C), the sialylated glycans
are labeled with solid arrows), including G2S2F, G2S1F, GIS1F, N3H6F1S1, N3H4S1,
N3HSF1S1, N4H6F1S1, N4H6F1S2. The sialylation percentage of the total glycans was 70.9%,
and the sialylation percentage of the bi-antennary complex type glycan was 79.8%. In
comparison, although the commercial products (FIG. 4A) and the Adalimumab produced by
parental ExpiCHO cells (FIG. 4B) also carried glycans, no sialylation was observed.

[0124] EXAMPLE 4: Manufacturing Exemplary HEK293 Cells of The Present

Disclosure for Expressing a Sialylated Glycoprotein

[0125] This experiment manufactured an exemplary cell according to an embodiment of
the present disclosure from a parental HEK293T cell using CRISPR technologies. The results
were very similar to the results of using the ExpiFectamine™ CHO Transfection Kit on CHO

cells, as described in Example 1.

[0126] Cells, Plasmids, and Transfection. The parental HEK293T cells (ATCC) were
cultured in the DMEM (Thermo Fisher Scientific) supplied with 10% FBS (Thermo Fisher
Scientific) at 37°C with 5% COxz in the cell incubator. The plasmids for CRISPR/Cas9

expression were constructed as suggested by the kit manual (Thermo Fisher Scientific). Briefly,
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the validated sgRINA sequence targeting glycosyltransferase was synthesized (Integrated DNA
Technologies) and cloned into the vector for Cas9 and sgRNA expression. The synthetic codon-
optimized gene insert (Integrated DNA Technologies), flanked by the homologous arm of the
target gene at the sgRNA target site, was cloned into an empty vector as the donor plasmid.
Transfection of 293T cells was mediated by TransIT-293 (Mirus Bio) following the reagent
manual. A plasmid for expressing antibody chMC81370 (a humanized antibody targeting
specific stage embryonic antigen 4 (SSEA4)) was transfected into cells followed by incubation.
At the time of harvest, the culture medium was collected and then subjected to protein A

sepharose beads (GE HealthCare) column to purify the antibodies.

[0127] Analysis. The purified antibodies were analyzed using intact protein mass (IPM)
analysis. Briefly, the samples were diluted with LCMS grade water at a concentration between 5-
10 uM and analyzed by 6230 TOF LC/MS with a Dual AJS ESI ion source (Agilent
Technologies) with PLRP-S 1000A 5 pm column (Agilent Technologies). Solvent A was 0.1%
Formic Acid in H20 and Solvent B was 0.1% Formic Acid in CAN. The results show a
significant increase in galactosylated and sialylated antibody glycoforms (FIG. 5B) compared to
the antibodies generated by the parental HEK293T cells (FIG. 5A). The results of the IPM
Glycoform analysis were presented in bar charts, which revealed a significant increase in

antibody galactosylation and sialylation, with a lack of core-fucosylation (FIG. 6).

[0128] Characterizing the sialylation. To confirm the sialylation on the antibody was
mediated by hST6Gall, the antibody was treated with two different sialidases, Strepfococcus
pneumonia 02-3 neuraminidase and Clostridium perfringens neuraminidase at 37°C overnight
respectively followed by purification or gel electrophoresis. The intact protein analysis did not
show any obvious difference in the distribution of asialylated and sialylated antibodies between
the untreated and a2-3 neuraminidase-treated group (FIG. 7 upper and middle; sialylated
glycoforms are labeled with the solid arrows), indicating that the sialylation on antibody was not
due to the endogenous 02-3 sialyltransferases. On the other hand, treatment with Clostridium
perfringens neuraminidase, which could remove all linkages of sialylation, largely eliminated the
terminal sialic acids (FIG. 7 bottom). In addition, the antibodies with increased galactosylation

generated from cells with knock-in of hB4GalT1 only did not show terminal sialylation (FIG. 8).
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These results confirmed that sialylation on the antibody was introduced by hST6Gall and the
increase of hB4Gal1l expression indeed elevated the galactosylation of antibody (FIG. 5).

[0129] The sialyltransferase hST6Gall is known as the only human glycosyltransferase
that mediates 02-6 sialylation and preferentially uses the a1-3 branch arm of the biantennary
glycan as substrates. Some in vitro studies show glycoengineering on antibody glycans by
hST6Gall takes a long time and is difficult to yield fully sialylated antibody glycans.
Furthermore, this also could explain why only the antibody with at least one fully galactosylated
glycan was sialylated. If the galactose on G1 glycan was not on the a1-3 branch arm, the
hST6Gall may not sialylate it. Therefore, the expression level of glycosyltransferases may not
be the bottleneck in this situation. Rather, substrate preference and enzyme activity are the major
factors. Using 02-6 sialylatranferases from other organisms may have similar or better activity

than hST6Gal 1, which is evident by the other examples described herein that used a PspST gene.

[0130] EXAMPLE 5: Time Factor in Glycoengineering Using an Exemplary Cell of

The Present Disclosure

[0131] This experiment tested whether the amount and the time of antibody expression
using an exemplary cell of the present disclosure affect glycosylation. The culture time was
extended to 5 days, and the medium of the culture was collected on Day 3 and Day 35,
respectively. The produced antibodies were examined using intact protein mass (IPM) analysis.
The results show a relatively strong sialylation in the first collection (first three days) (FIG. 9A,
DO0-3), and then sialylation was decreased in the second collection (last two days), accompanied
by an increase of terminal galatosylation (FIG. 9A, D4-5), suggesting that the proteins involved

in glycosylation may not be sufficient to effectively produce Fc-SCT antibody at a later stage.

[0132] Because the hST6Gall and hB4GalT1 involved in the FC-SCT antibody production
were almost artificially and constitutively expressed in the cells, we also examined if endogenous
glycosyltransferases faced the same problem of reduced glycosylation. By expressing antibodies
in FUT8 KO cells, the antibody was almost terminally glycosylated with at least one or more
galactoses in the first collection (FIG. 9B, D0-3), but the proportion of galactosylated antibody

decreased, and even the antibody glycans without any galactoses became the dominant
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glycoforms in the last two days ((Fig. 9B, D4-5). The result showed that the dynamic
glycosylation level after the antibody expression can be observed on endogenous glycosylation

products as well.

[0133] The aforementioned finding suggests that antibody production at different time
points may impact glycosylation differently. Therefore, in the next experiment, antibodies were
purified every day after plasmid transfection and analyzed the dynamic change of antibody
glycans from multiple engineered cells. The antibody with full sialylation could be detected by
intact protein mass analysis on the first day and then gradually decreased over time (FIG. 10).
Regarding galactosylation, the antibody glycans were capped by at least two galactoses (2~4
galactoses in total) on the first day, but started to decline on the second day, as evidenced by the
appearance of one galactose on antibody glycans (FIG. 10). These observations suggest that
antibody glycosylation was almost complete at the beginning of the protein expression and

gradually decreased over time.
[0134] EXAMPLE 6: Binding between Sialylated Antibodies and Fcy Receptors

[0135] FcyRIIA (Fc gamma RIIA) and FcyRIIB (Fc gamma RIIB) are usually expressed
simultaneously by the antigen-presenting cells, such as dendritic cells and macrophages, and
these two receptors work together to modulate immune responses. FcyRIIIA is critical for NK
cells to mediate ADCC3. This experiment tested whether the Fc-SCT-enriched antibodies
produced using the exemplary cells of the present disclosure show better binding affinity than
wide-type antibodies (i.e., antibodies produced by parental cells). The Fc-SCT-enriched
antibodies were produced and purified as described in Example 4. The binding affinity was

examined using an ELISA assay.

[0136] ELISA. The recombinant soluble FcylIA, FeylIB, and FeyRIITA (Fc gamma RIIIA,
R&D) was coated with 50 ng/well in bicarbonate/carbonate coating buffer (50 mM, pH 10) at
4°C overnight before blocking the well with 5% BSA in TPBS (0.05% Tween 20 in PBS) at 4°C
overnight. The antibody was added into wells with final concentration started at 100 pg/ml with
5x series dilution and incubated at room temperature for 1 hour followed by incubation with

HRP-conjugated goat anti-human IgG antibody (Jackson ImmunoResearch) for another 1 hour at
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room temperature. Finally, the TMB substrate (Bethyl Laboratories) was added to react with
HRP at RT prior to stopping the reaction by H2SOa4. The absorbance at 450 nm was detected by
SpectraMax M5 spectrum reader (Molecular Device). The wells were washed by TPBS 3-5 times

between each step.

[0137] The results show that the binding of Fc-SCT-enriched antibodies to FcRs was
increased in three tested Fc receptors (FIG. 11). Among these receptors, the increased binding of
FcyRIIA and FcyRIITA was consistent with previous studies. Interestingly, the WT antibody
showed very weak binding to the inhibitory receptor FcyRIIB. Despite the improvement being
less significant than that of FcyRIIA and FcyRIIIA, the glycoengineering by the cells of the
present disclosure was able to improve the antibody’s binding to receptor FcyRIIB. Although the
increased binding to the two opposing functional receptors, FcyRIIA and FcyRIIB, which are
typically expressed on the antigen-presenting cells (APCs) simultaneously, appears to be
conflicting, the eventual immune response was determined by the expression level and signaling
strength of FcyRITIA and FcyRIIB on effector cells. The Fc-SCT-enriched antibody also exhibited
stronger FcyRIITA binding ability than the antibody produced from wild-type cells (FIG. 11).
Without wishing to be bound by theories, this enhancement was also contributed by the removal

of core-fucosel 1 and the addition of galactose.

[0138] EXAMPLE 7: Manufacturing Exemplary HEK293 Cells of The Present
Disclosure for Expressing GlcNAc glycoproteins

[0139] This experiment manufactured an exemplary cell according to an embodiment of
the present disclosure from a parental GnT1 KO ExpiHEK293F cell using CRISPR technologies.
The parental cells were prepared as described in Example 4. The N-glycan expressed by this cell
line was a high mannose type which was preferentially cleaved by Endo H to generate Fc-
GlcNAc antibody. Therefore, this experiment aims to knock in Endo H (UniProtKB/Swiss-Prot:
P04067.1, See SEQ ID NO: 15 and SEQ ID NO: 17) in this cell line by CRISPR-Cas9. The
plasmid for the CRISPR technology was prepared as described below.

[0140] Plasmids and Transfection. The plasmids for CRISPR/Cas9 expression were

constructed as suggested by the kit manual (Thermo Fisher Scientific). Briefly, the validated
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sgRINA sequence targeting glycosyltransferase was synthesized (Integrated DNA Technologies)
and cloned into the vector for Cas9 and sgRNA expression. The synthetic codon-optimized gene
insert (Integrated DNA Technologies), flanked by the homologous arm of the target gene at the
sgRNA target site, was cloned into an empty vector as the donor plasmid. Transfection of 293 T
cells was mediated by using an Expi293Fectamine™ Transfection Kit (Thermo Fisher Scientific)
following the reagent manual. A plasmid for expressing antibody chMC81370 was transfected
into cells followed by incubation. At the time of harvest, the culture medium was collected and

then subjected to protein A sepharose beads (GE HealthCare) column to purify the antibody.

[0141] Analysis. The antibodies expressed by the cells were analyzed by electrophoresis.
The protein was heated at 95°C for 5 mins in the LDS sample buffer supplied with 2-
Mercaptoethanol and then subjected to gel electrophoresis with 12% SDS-PAGE. The protein on
the gel was stained by Coomassie blue buffer (ApexBio). The result showed that the antibody
heavy chain (AbHC) expressed by these cells had faster mobility than AbHC from its parental
cells (GnT1 KO), and most AbHCs were downshifted (FIG. 12A).

[0142] This antibody was also subjected to a transglycosylation assay. The antibody was
incubated with SCT glycan-oxazoline and Endo S2 mutant in Tris buffer at 37°C for the time
indicated before harvest for purification or gel electrophoresis. The transglycosylation generated
antibodies with homogenous glycan (in this experiment, homogenous SCT glycan). The
efficiency of the transglycosylation was pretty good (FIG. 12B). The glycans on these antibodies
were then by intact protein mass (IPM) analysis. The results showed that most antibodies (over

95%) contain only GlcNAc on each HC (FIG. 12C, FIG. 12D, and FIG. 12E).

[0143] Alternatively, instead of knocking in Endo H, endoglycosidase S2 (Endo S2;
UniProtKB/Swiss-Prot: TIWGNI.1, See SEQ ID NO: 16 and SEQ ID NO: 18) from
Streptococcus pyogenes was knocked in because this enzyme can hydrolyze both high mannose
and complex type N-glycans to Fc-GlcNAc. The donor vector and CRISPR-Cas9 plasmids were
delivered to GnT1 KO cells. Then the antibody glycans generated by these cells were examined
as previously described. The protein gel showed an obvious downshifted band of AbHC
compared with its parental cells (GNT1 KO) (FIG. 13A). Besides, the glycans also can be added

onto AbHC through enzymatic transglycosylation (FIG. 13B) and intact protein mass analysis
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showed a clear signal of Fc-GIcNAc antibody (FIG. 13C), most antibodies (over 90%) contain
only GlcNAc on each HC (FIG. 12E).

[0144] Based on these results, it is concluded that both Endo H and Endo S2 can be
introduced to cells by CRISPR-Cas9 to process the N-glycans to Fc-GlcNAc anti-body for in
vitro transglycosylation. In addition, this cell-based method can be used for other glycoproteins,
such as influenza hemagglutinin and SARS-CoV-2 spike protein to generate the mono-GlcNAc

decorated glycoforms as vaccines to elicit broadly protective immune responses

[0145] Next, since the binding of Fc-SCT enriched antibodies (i.e., the antibody obtained
in Example 4) to FcyIIIA receptor was elevated, the homogeneous Fc-SCT antibodies obtained
above through transglycosylation were compared with the Fc-SCT enriched antibodies for their
binding affinity to FcyIIIA receptors. The result showed that Fc-SCT enriched antibodies
exhibited similar binding avidity to homogenous SCT antibodies (FIG. 14A).

[0146] Furthermore, an ADCC reporter assay was conducted. Briefly, the assay was
performed according to the kit manual. The SSEA4 expressing target cells SK-OV3 were seeded
into a 96-well plate, followed by the addition of an antibody with the final concentration started
at 1g/ml with 5x series dilution. Then, the FcyRIITA expressing effector cells (effector: target cell
ratio, 6:1) were added and incubated with target cells in the incubator at 37 °C for 6 hrs. The
plate was placed at room temperature for 15 min prior to adding the luciferase substrate. After 5
min incubation, the luminescence was measured by SpectraMax M5 spectrum reader. The
induction fold was calculated by RLU (induced—background) /RLU (no antibody control—
background). It was observed that at the lowest antibody concentration used for induction, WT
antibody did not induce any obvious cell activation, but the homogenous Fc-SCT and Fc-SCT
enriched antibodies can trigger cell activation and rapidly reached a maximum at next
concentration (FIG. 14B). Even at the higher concentration, the WT antibody can reach a
maximum induction, but the activity was still much lower than that of homogenous Fc-SCT or

Fc-SCT enriched antibody (FIG. 14B).

[0147] EXEMPLARY EMBODIMENTS
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[0148] Embodiment 1: A cell for expressing a sialylated glycoprotein wherein the cell
constitutively and/or controllably expresses an exogenous sialyltransferase catalytic peptide and
an exogenous galactosyltransferase catalytic peptide, wherein the exogenous sialyltransferase
catalytic peptide and the exogenous galactosyltransferase catalytic peptide are translated in close

proximity.

[0149] Embodiment 2: The cell of Embodiment 1, wherein the exogenous sialyltransferase
catalytic peptide and the exogenous galactosyltransferase catalytic peptide are expressed in a

single transcript.

[0150] Embodiment 3: The cell of Embodiment 1 or Embodiment 2, comprising a first
nucleic acid configured to express the exogenous sialyltransferase catalytic peptide and a second
nucleic acid configured to express the exogenous galactosyltransferase catalytic peptide, wherein
the first nucleic and the second nucleic acid are transcriptionally controlled by the same

promoter.

[0151] Embodiment 4: The cell of Embodiment 3, wherein the first nucleic acid and the
second nucleic acid are connected to each other via a connecting nucleic acid, which is

configured to encode a ribosomal shifting peptide.

[0152] Embodiment 5: The cell of Embodiment 4, wherein the ribosomal shifting peptide
comprises an amino acid sequence of DxExNPGP, wherein x denotes any amino acid, D denotes
aspartic acid, E denotes glutamic acid, N denotes asparagine, P denotes proline, and G denotes

glycine.

[0153] Embodiment 6: The cell of Embodiment 4 or Embodiment 5, wherein the ribosomal
shifting peptide comprises an amino acid sequence as set forth in SEQ ID NO: 06, SEQ ID NO:
07, SEQ ID NO: 08, or SEQ ID NO: 09.

[0154] Embodiment 7: The cell of Embodiment 3, wherein the exogenous sialyltransferase
catalytic peptide and the exogenous galactosyltransferase catalytic peptide are co-configured to

be expressed as a fusion protein.
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[0155] Embodiment 8: The cell of Embodiment 7, wherein the fusion protein comprises a
first portion having the sialyltransferase catalytic peptide domain and a second portion having
the galactosyltransferase catalytic peptide domain, wherein the first portion and the second
portion are connected to each other via a cleavable linker, further wherein the cleavable linker is
configured to be cleavable post-translation of the fusion protein, thereby upon cleavage releasing
the sialyltransferase catalytic peptide and the galactosyltransferase catalytic peptide as separate

proteins.

[0156] Embodiment 9: The cell of any one of Embodiments 3 to 8, wherein the first

nucleic acid is derived from an ST6Gall gene or a PspST gene.

[0157] Embodiment 10: The cell of any one of Embodiments 3 to 9, wherein the first
nucleic acid comprises a nucleotide sequence as set forth in SEQ ID NO: 10 or SEQ ID NO: 11.

[0158] Embodiment 11: The cell of Embodiment 10, wherein the first nucleic acid
comprises a nucleotide sequence as set forth in SEQ ID NO: 12 or SEQ ID NO: 13.

[0159] Embodiment 12: The cell of any one of Embodiments 3 to 11, wherein the second
nucleic acid is derived from an B4GALT]1 gene.

[0160] Embodiment 13: The cell of any one of Embodiments 3 to 12, wherein the second

nucleic acid comprises a nucleotide sequence as set forth in SEQ ID NO: 14.

[0161] Embodiment 14: The cell of any one of Embodiments 3 to 13, wherein the promoter

is a constitutive promoter or an activable promoter.

[0162] Embodiment 15: The cell of Embodiment 14, wherein the constitutive promoter is a
CMYV promoter, T7 promoter, a Human Elongation Factor 1 Alpha (EF 1) promoter, a Chicken
B-Actin (CAG) promoter, or an SV40 promoter.

[0163] Embodiment 16: The cell of Embodiment 14, wherein the activable promoter is a
Tetracycline-Inducible Promoter (activable by doxycycline) or a dihydrofolate reductase

(DHFR) gene promoter.
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[0164] Embodiment 17: The cell of any one of Embodiments 1 to 16, wherein the

sialyltransferase catalytic peptide is an alpha-2, 6-sialyltransferase.

[0165] Embodiment 18: The cell of Embodiment 17, wherein the sialyltransferase is a beta-

galactoside alpha-2,6-sialyltransferase 1.

[0166] Embodiment 19: The cell of any one of Embodiments 1 to 18, wherein the
sialyltransferase catalytic peptide comprises an amino acid sequence as set forth in SEQ ID NO:

01 or SEQ ID NO: 02.

[0167] Embodiment 20: The cell of Embodiment 19, wherein the sialyltransferase catalytic
peptide comprises an amino acid sequence as set forth in SEQ ID NO: 03 or SEQ ID NO: 04.

[0168] Embodiment 21: The cell of any one of Embodiments 1 to 20, wherein the

galactosyltransferase catalytic peptide is a beta-1,4-galactosyltransferase 1.

[0169] Embodiment 22: The cell of Embodiment 21, wherein the galactosyltransferase

catalytic peptide comprises an amino acid sequence as set forth in SEQ ID NO: 05.

[0170] Embodiment 23: The cell of any one of Embodiments 1 to 22, wherein the cell is

deficient in fucosyltransferase activity.

[0171] Embodiment 24: The cell of Embodiment 23, wherein the cell is deficient in

fucosyltransferase 8 activity.

[0172] Embodiment 25: The cell of Embodiment 23 or Embodiment 24, wherein the cell is

deficient in a FUT8 gene encoding a product of the fucosyltransferase activity.

[0173] Embodiment 26: The cell of any one of Embodiments 1 to 25, wherein the cell is a

mammalian cell.

[0174] Embodiment 27: The cell of Embodiment 26, wherein the cell is derived from a
Chinese hamster ovary cell or a HEK293 cell.
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[0175] Embodiment 28: The cell of any one of Embodiments 1 to 27, wherein the cell
further comprises a payload nucleic acid configured to encode a recombinant glycoprotein, and
the expression of the payload nucleic acid is transcriptionally controlled by a constitutive or an

activable promoter.

[0176] Embodiment 29: The cell of Embodiment 28, wherein the recombinant glycoprotein

is an antibody or an antigen-binding fragment thereof.

[0177] Embodiment 30: The cell of Embodiment 29, wherein the antibody is a therapeutic
antibody.
[0178] Embodiment 31: A method for glycoengineering a recombinant glycoprotein

comprising: delivering an expression vector into a cell according to any one of Embodiments 1
to 27, wherein the expression vector comprises a payload nucleic acid configured to encode the
recombinant glycoprotein; and expressing the payload nucleic acid in the cell, thereby obtaining
a plurality of recombinant glycoproteins, where at least one recombinant glycoprotein of the

plurality is conjugated with a sialylated glycan.

[0179] Embodiment 32: The method of Embodiment 31, wherein the sialylated glycan is
an 02-6 sialyl complex type (SCT) glycan.

[0180] Embodiment 33: The method of Embodiment 32, wherein the a2-6 sialyl complex

type (SCT) glycan is mono-antennary or bi-antennary.

[0181] Embodiment 34: The method of Embodiment 31 or Embodiment 32, wherein the

sialylated glycan lacks a core-fucose.

[0182] Embodiment 35: The method of any one of Embodiments 31 to 34, wherein the

expression of the payload nucleic acid is constitutive or controllable.

[0183] Embodiment 36: The method of any one of Embodiments 31 to 35, wherein at least

50% of the plurality of the recombinant glycoproteins is conjugated with the sialylated glycan.
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[0184] Embodiment 37: The method of any one of Embodiments 31 to 36, wherein the
plurality of the recombinant glycoproteins is conjugated with the sialylated glycan at an enriched
homogeneity of at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 94%, 95%, 99%, 100% or an integer ranging between any of the

above two numbers.

[0185] Embodiment 38: The method of any one of Embodiments 31 to 37, further
comprising harvesting the plurality of recombinant glycoproteins within 200 hours from the

expression of the payload nucleic acid in the cell.

[0186] Embodiment 39: The method of Embodiment 38, wherein the plurality of
recombinant glycoproteins was harvested within 100 hours from the expression of the payload

nucleic acid in the cell.

[0187] Embodiment 40: The method of any one of Embodiments 31 to 39, wherein the

recombinant glycoprotein is an antibody or an antigen-binding fragment thereof.

[0188] Embodiment 41: The method of Embodiment 40, wherein the glycan is on a

constant region of the antibody.

[0189] Embodiment 42: The method of Embodiment 41, wherein the glycan is on a heavy
chain of the antibody.

[0190] Embodiment 43: The method of any one of Embodiments 40 to 42, wherein the

glycan is on a glycosylation site of the antibody.

[0191] Embodiment 44: The method of Embodiment 43, wherein the glycan is on an N46,
N402, and/or N297 site of the antibody.

[0192] Embodiment 45: The method of any one of Embodiments 40 to 44, wherein the

antibody is a therapeutic antibody.

[0193] Embodiment 46: The method of Embodiment 45, wherein the therapeutic antibody
i1s Adalimumab (Humira®), Adalimumab-atto (Amjevita®), Rituximab (Rituxan®), Rituximab -
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atto (Truxima®), Cetuximab (Erbitux®), Bevacizumab (Avastin®), Infliximab (Remicade®),
Trastuzumab (Herceptin®), Pembrolizumab (Keytruda®), Etanercept (Enbrel®), Ipilimumab
(Yervoy®), Ofatumumab (Arzerra), Golimumab (Simponi®), Atezolizumab (Tecentriq®),
Ocrelizumab (OCREVUS®), Durvalumab (Durvalumab®), Avelumab (Bavencio®), Nivolumab
(Opdivo®), Pertuzumab (Perjeta®), Obinutuzumab (Gazyva®), Gazyvaro Infliximab

(Remicade®), or Trastuzumab emtansine (Kadcyla®).

[0194] Embodiment 47: A plurality of enriched recombinant glycoproteins, wherein at

least 50% of the plurality of recombinant glycoproteins is configured with a sialylated glycan.

[0195] Embodiment 48: The plurality of enriched recombinant glycoproteins of
Embodiment 47, wherein at least 70% of the plurality of enriched recombinant glycoproteins is

configured with the sialylated glycan.

[0196] Embodiment 49: The plurality of enriched recombinant glycoproteins of
Embodiment 47 or Embodiment 48, wherein the plurality of enriched recombinant glycoproteins
is conjugated with the sialylated glycan at homogeneity of at least about 1%, about 2%, about
3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about 11%,
about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%,
about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%,
about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%,
about 36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%,
about 44%, about 45%, about 46%, about 47%, about 48%, about 49%, about 50%, about 51%,
about 52%, about 53%, about 54%, about 55%, about 56%, about 57%, about 58%, about 59%,
about 60%, about 61%, about 62%, about 63%, about 64%, about 65%, about 66%, about 67%,
about 68%, about 69%, about 70%, about 71%, about 72%, about 73%, about 74%, about 75%,
about 76%, about 77%, about 78%, about 79%, about 80%, about 81%, about 82%, about 83%,
about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%, about 91%,
about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%,
or about 100%.
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[0197] Embodiment 50: The plurality of enriched recombinant glycoproteins of
Embodiment 47 or Embodiment 48, wherein the plurality of the enriched recombinant
glycoproteins is conjugated with the sialylated glycan at homogeneity of 1% to 100%, 1% to
90%, 1% to 80%, 1% to 70%, 1% to 60%, 1% to 50%, 1 % to 40%, 1% to 30%, 1% to 20%, 1%
to 10%, 5% to 100%, 5% to 95%, 5% to 85%, 5% to 75%, 5% to 65%, 5% to 55%, 5% to 45%,
5% to 35%, 5% to 25%, 5% to 10%, 10% to 100%, 10% to 99%, 10% to 95%, 10% to 90%, 10%
to 85%, 10% to 80%, 10% to 75%, 10% to 70%, 10% to 65%, 10% to 60%, 10% to 55%, 10% to
50%, 10% to 45%, 10% to 40%, 10% to 35%, 10% to 30%, 10% to 25%, 10% to 20%, 10% to
15%, 20% to 100%, 20% to 99%, 20% to 95%, 20% to 90%, 20% to 85%, 20% to 80%, 20% to
75%, 20% to 70%, 20% to 65%, 20% to 60%, 20% to 55%. 20% to 50%., 20% to 45%, 20% to
40%, 20% to 35%, 20% to 30%, 20% to 25%, 40% to 100%, 40% to 99%, 40% to 95%, 40% to
90%, 40% to 85%, 40% to 80%, 40% to 75%, 40% to 70%, 40% to 65%, 40% to 60%, 40% to
55%, 40% to 50%, 60% to 100%, 60% to 99%, 60% to 95%, 60% to 90%, 60% to 85%. 60% to
80%, 60% to 75%, 50% to 100%, 50% to 99%, 50% to 95%, 50% to 90%, 50% to 85%, 50% to
80%, 50% to 75%, 50% to 70%, 50% to 65%, 50% to 60%, 70% to 100%, 70% to 99%, 70% to
95%, 70% to 90%, 70% to 85%, 70% to 80%, 70% to 75%, 80% to 100%, 80% to 99%, 80% to
95%, 80% to 90%, 80% to 85%, 90% to 100%, 90% to 99%, or 90% to 95%.

[0198] Embodiment 51: The plurality of enriched recombinant glycoproteins of any one of
Embodiments 47 to 50, wherein the sialylated glycan is an a2-6 sialyl complex type (SCT)

glycan.

[0199] Embodiment 52: The plurality of enriched recombinant glycoproteins of
Embodiment 51, wherein the a2-6 sialyl complex type (SCT) glycan is mono-antennary or bi-

antennary.

[0200] Embodiment 53: The plurality of enriched recombinant glycoproteins of

Embodiment 51 or Embodiment 52, wherein the sialylated glycan lacks a core-fucose.

[0201] Embodiment 54: The plurality of enriched recombinant glycoproteins of any one of
Embodiments 47 to 53, wherein the recombinant glycoprotein is an antibody or an antigen-

binding fragment thereof.
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[0202] Embodiment 55: The plurality of enriched recombinant glycoproteins of

Embodiment 54, wherein the glycan is on a constant region of the antibody.

[0203] Embodiment 56: The plurality of enriched recombinant glycoproteins of

Embodiment 55, wherein the glycan is on a heavy chain of the antibody.

[0204] Embodiment 57: The plurality of enriched recombinant glycoproteins of any one of

Embodiments 54 to 56, wherein the glycan is on a glycosylation site of the antibody.

[0205] Embodiment 58: The plurality of enriched recombinant glycoproteins of
Embodiment 57, wherein the glycan is on an N46, N402, and/or N297 site of the antibody.

[0206] Embodiment 59: The plurality of enriched recombinant glycoproteins of any one of

Embodiments 54 to 58, wherein the antibody is a therapeutic antibody.

[0207] Embodiment 60: The plurality of enriched recombinant glycoproteins of any one of
Embodiments 47 to 59, being obtained by using the method for glycoengineering a recombinant

glycoprotein of any one of Embodiments 31 to 46.

[0208] Embodiment 61: A cell for expressing a GIcNAc glycoprotein, being deficient in N-
acetylglucosaminyltransferase I (GnTI) activity and constitutively or controllably expressing an

exogenous endoglycosidase.

[0209] Embodiment 62: The cell of Embodiment 61, wherein the exogenous
endoglycosidase is an endoglycosidase H (Endo H) or an endoglycosidase S2 (Endo S2).

[0210] Embodiment 63: The cell of Embodiment 62, wherein the exogenous

endoglycosidase comprises an amino acid sequence as set forth in SEQ ID NO: 15 or SEQ ID
NO: 16.

[0211] Embodiment 64: The cell of any one of Embodiments 61 to 63, wherein the cell

comprises a nucleic acid configured to encode the exogenous endoglycosidase.

[0212] Embodiment 65: The cell of Embodiment 64, wherein the nucleic acid comprises a

nucleotide sequence as set forth in SEQ ID NO: 17 or SEQ ID NO: 18.
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[0213] Embodiment 66: The cell of any one of Embodiments 61 to 65, wherein the cell is a

mammalian cell.

[0214] Embodiment 67: The cell of Embodiment 66, wherein the cell is derived from a

Chinese hamster ovary cell or a HEK293 cell.

[0215] Embodiment 68: The cell of any one of Embodiments 61 to 67, wherein the cell is
derived from an Expi293F™ GnTI KO Cell.

[0216] Embodiment 69: The cell of any one of Embodiments 61 to 68, wherein the cell
further comprises a payload nucleic acid configured to encode a recombinant glycoprotein, and
the expression of the payload nucleic acid is controlled by a constitutive or an activable

promoter.

[0217] Embodiment 70: The cell of Embodiment 69, wherein the recombinant glycoprotein

is an antibody or an antigen-binding fragment thereof.

[0218] Embodiment 71: The cell of Embodiment 70, wherein the antibody is a therapeutic
antibody.
[0219] Embodiment 72: A method for glycoengineering a recombinant glycoprotein,

comprising: delivering an expression vector into a cell according to any one of Embodiments 61
to 68, wherein the expression vector comprises a payload nucleic acid configured to encode a
recombinant glycoprotein; and expressing the payload nucleic acid in the cell, thereby obtaining
a plurality of recombinant glycoproteins, where at least one recombinant glycoprotein of the

plurality is conjugated with a GIcNAc glycan.

[0220] Embodiment 73: The method of Embodiment 72, wherein the GIcNAc glycan is a
mono-GlcNAc glycan or a GIcNAc-Fuc glycan.

[0221] Embodiment 74: The method of Embodiment 72 or Embodiment 73, wherein the

expression of the payload nucleic acid is constitutive or controllable.
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[0222] Embodiment 75: The method of any one of Embodiments 72 to 74, wherein at least
50% of the plurality of recombinant glycoproteins is conjugated with the GIcNAc glycan.

[0223] Embodiment 76: The method of any one of Embodiments 72 to 75, wherein the
plurality of recombinant glycoproteins is conjugated with the GIcNAc glycan at homogeneity of
at least about 1%, about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%,
about 9%, about 10%, about 11%, about 12%, about 13%, about 14%, about 15%, about 16%,
about 17%, about 18%, about 19%, about 20%, about 21%, about 22%, about 23%, about 24%,
about 25%, about 26%, about 27%, about 28%, about 29%, about 30%, about 31%, about 32%,
about 33%, about 34%, about 35%, about 36%, about 37%, about 38%, about 39%, about 40%,
about 41%, about 42%, about 43%, about 44%, about 45%, about 46%, about 47%, about 48%,
about 49%, about 50%, about 51%, about 52%, about 53%, about 54%, about 55%, about 56%,
about 57%, about 58%, about 59%, about 60%, about 61%, about 62%, about 63%, about 64%,
about 65%, about 66%, about 67%, about 68%, about 69%, about 70%, about 71%, about 72%,
about 73%, about 74%, about 75%, about 76%, about 77%, about 78%. about 79%, about 80%,
about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%,
about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%,
about 97%, about 98%, about 99%,. or about 100%.

[0224] Embodiment 77: The method of any one of Embodiments 72 to 76, further
comprising harvesting the plurality of recombinant glycoproteins within 200 hours from the

expression of the payload nucleic acid in the cell.

[0225] Embodiment 78: The method of Embodiment 77, wherein the plurality of
recombinant glycoproteins was harvested within 100 hours from the expression of the payload

nucleic acid in the cell.

[0226] Embodiment 79: The method of any one of Embodiments 72 to 78, further
comprising: collecting the plurality of recombinant glycoproteins; and incubating the

recombinant glycoproteins with an endoglycosidase and a donor glycan.

[0227] Embodiment 80: The method of Embodiment 79, wherein the donor glycan

comprises an oxazoline moiety.
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[0228] Embodiment 81: The method of Embodiment 79 or Embodiment 80, wherein the
donor glycan is a sialyl complex type (SCT) glycan.

[0229] Embodiment 82: The method of any one of Embodiments 79 to 81, wherein the

endoglycosidase is an endoglycosidase H (Endo H) or an endoglycosidase S2 (Endo S2).

[0230] Embodiment 83: The method of any one of Embodiments 72 to 82, wherein the

recombinant glycoprotein is an antibody or an antigen-binding fragment thereof.

[0231] Embodiment 84: The method of Embodiment 83, wherein the glycan is on a

constant region of the antibody.

[0232] Embodiment 85: The method of Embodiment 84, wherein the glycan is on a heavy
chain of the antibody.

[0233] Embodiment 86: The method of any one of Embodiments 83 to 85, wherein the

glycan is on a glycosylation site of the antibody.

[0234] Embodiment 87: The method of Embodiment 86, wherein the glycan is located at
an N46, N402, and/or N297 site of the antibody.

[0235] Embodiment 88: The method of any one of Embodiments 83 to 87, wherein the

antibody is a therapeutic antibody.

[0236] Embodiment 89: The method of Embodiment 88, wherein the therapeutic antibody
is Adalimumab (Humira®), Adalimumab-atto (Amjevita®), Rituximab (Rituxan®), Rituximab -
atto (Truxima®), Cetuximab (Erbitux®), Bevacizumab (Avastin®), Infliximab (Remicade®),
Trastuzumab (Herceptin®), Pembrolizumab (Keytruda®), Etanercept (Enbrel®), Ipilimumab
(Yervoy®), Ofatumumab (Arzerra), Golimumab (Simponi®), Atezolizumab (Tecentriq®),
Ocrelizumab (OCREVUS®), Durvalumab (Durvalumab®), Avelumab (Bavencio®), Nivolumab
(Opdivo®), Pertuzumab (Perjeta®), Obinutuzumab (Gazyva®), Gazyvaro Infliximab

(Remicade®), or Trastuzumab emtansine (Kadcyla®).

50



WO 2025/053889 PCT/US2024/034588

[0237] Embodiment 90: A plurality of enriched recombinant glycoproteins, wherein at

least 50% of the plurality of recombinant glycoproteins is configured with a GIcNAc glycan.

[0238] Embodiment 91: The plurality of enriched recombinant glycoproteins of
Embodiment 90, wherein at least 70% of the plurality of recombinant glycoproteins is configured

with the GlcNAc glycan.

[0239] Embodiment 92: The plurality of enriched recombinant glycoproteins of
Embodiment 90 or Embodiment 91, wherein plurality of the recombinant glycoproteins is
conjugated with the GIcNAc glycan at homogeneity of at least about 1%, about 2%, about 3%,
about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about 11%, about
12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%, about
20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, about
28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about
36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about
44%, about 45%, about 46%, about 47%, about 48%, about 49%, about 50%, about 51%, about
52%, about 53%, about 54%, about 55%, about 56%, about 57%, about 58%, about 59%, about
60%, about 61%, about 62%, about 63%, about 64%, about 65%, about 66%, about 67%, about
68%, about 69%, about 70%, about 71%, about 72%, about 73%, about 74%, about 75%, about
76%, about 77%, about 78%, about 79%, about 80%, about 81%, about 82%, about 83%, about
84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or
about 100%

[0240] Embodiment 93: The plurality of enriched recombinant glycoproteins of
Embodiment 90 or Embodiment 91, wherein plurality of the recombinant glycoproteins is
conjugated with the GIcNAc glycan at homogeneity of 1% to 100%, 1% to 90%, 1% to 80%, 1%
to 70%, 1% to 60%, 1% to 50%, 1 % to 40%, 1% to 30%, 1% to 20%, 1% to 10%, 5% to 100%,
5% to 95%, 5% to 85%, 5% to 75%, 5% to 65%, 5% to 55%, 5% to 45%, 5% to 35%, 5% to
25%., 5% to 10%, 10% to 100%, 10% to 99%, 10% to 95%, 10% to 90%, 10% to 85%, 10% to
80%, 10% to 75%, 10% to 70%, 10% to 65%, 10% to 60%, 10% to 55%, 10% to 50%, 10% to

45%. 10% to 40%, 10% to 35%, 10% to 30%, 10% to 25%, 10% to 20%, 10% to 15%, 20% to
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100%, 20% t0 99%, 20% to 95%, 20% to 90%, 20% to 85%, 20% to 80%, 20% to 75%, 20% to
70%, 20% to 65%, 20% to 60%, 20% to 55%, 20% to 50%, 20% to 45%, 20% to 40%, 20% to
35%, 20% to 30%, 20% to 25%, 40% to 100%, 40% to 99%, 40% to 95%, 40% to 90%, 40% to
85%, 40% t0 80%, 40% to 75%, 40% to 70%, 40% to 65%, 40% to 60%, 40% t0 55%, 40% to
50%, 60% to 100%, 60% to 99%, 60% to 95%, 60% to 90%, 60% to 85%, 60% to 80%, 60% to
75%, 50% to 100%, 50% to 99%, 50% to 95%, 50% to 90%, 50% to 85%, 50% to 80%, 50% to
75%, 50% to 70%, 50% to 65%, 50% to 60%, 70% to 100%, 70% to 99%, 70% to 95%, 70% to
90%, 70% to 85%, 70% to 80%, 70% to 75%, 80% to 100%, 80% to 99%, 80% to 95%, 80% to
90%, 80% to 85%, 90% to 100%, 90% to 99%, or 90% to 95%.

[0241] Embodiment 94: The plurality of enriched recombinant glycoproteins of any one of
Embodiments 90 to 93, wherein the GIcNAc glycan is a mono-GlcNAc glycan or a GIcNAc-Fuc

glycan.

[0242] Embodiment 95: The plurality of enriched recombinant glycoproteins of any one of
Embodiments 90 to 94, wherein the recombinant glycoprotein is an antibody or an antigen-

binding fragment thereof.

[0243] Embodiment 96: The plurality of enriched recombinant glycoproteins of

Embodiment 95, wherein the glycan is on a constant region of the antibody.

[0244] Embodiment 97: The plurality of enriched recombinant glycoproteins of

Embodiment 96, wherein the glycan is on a heavy chain of the antibody.

[0245] Embodiment 98: The plurality of enriched recombinant glycoproteins of any one of

Embodiments 95 to 97, wherein the glycan is on a glycosylation site of the antibody.

[0246] Embodiment 99: The plurality of enriched recombinant glycoproteins of
Embodiment 98, wherein the glycan is on an N46, N402, and/or N297 site of the antibody.

[0247] Embodiment 100: The plurality of enriched recombinant glycoproteins of any one
of Embodiments 95 to 99, wherein the antibody is a therapeutic antibody.
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[0248]

Embodiment 101: The plurality of enriched recombinant glycoproteins of any one

of Embodiments 90 to 100, being obtained by using the method for glycoengineering a

recombinant glycoprotein of any one of Embodiments 72 to 89.

[0249]

SEQUENCES

SEQ ID NO: 01
ST6GALTL, aa

MIHTNLKKKFSCCVLVFLLFAVICVWKEKKKGSYYDSFKLQTKEFQVLKSLGKLAM
GSDSQSVSSSSTQDPHRGRQTLGSLRGLAKAKPEASFQVWNKDSSSKNLIPRLQKIW
KNYLSMNKYKVSYKGPGPGIKFSAEALRCHLRDHVNVSMVEVTDFPFNTSEWEGYL
PKESIRTK AGPWGRCAVVSSAGSLKSSQLGREIDDHDAVLRFNGAPTANFQQDVGTK
TTIRLMNSQLVTTEKRFLKDSLYNEGILIVWDPSVYHSDIPKWYQNPDYNFFNNYKT
YRKLHPNQPFYILKPQMPWELWDILQEISPEEIQPNPPSSGMLGIIMMTLCDQVDIYE
FLPSKRKTDVCYYYQKFFDSACTMGAYHPLLYEKNLVKHLNQGTDEDIYLLGKATLP
GFRTIHC

SEQ ID NO: 02
PspST only, aa

NVVAPSLEVYVDHASLPTLQQLMDIKSEEENPTAQRYIAWGRIVPTDEQMKELNITS
FALINNHTPADLVQEIVKQAQTKHRLNVKLSSNTAHSFDNLVPILKELNSFNNVTVTNI
DLYDDGSMEY VNLYNWRDTLNKTDNLKIGKDYLEDVINGINEDTSNTGTSSVYNWQ
KLYPANYHFLRKDYLTLEPSLHELRDYIGDSLKQMQWD GFKKFNSKQQELFLSIVNF
DKQKLONEYNSSNLPNFVFTGTTVWGGNHEREY YAKQQIN VINNAINESSPHYLGNS
YDLFFKGHPGGGIINTLIMONYPSMVDIPSKISFEVLMMTDMLPDAVAGIASSLYFTIP
AEKIKFIVFTSTETITDRETALRSPLVQVMIKLGIVKEENVLFWADLPNCETGVC

SEQ ID NO: 03
Modified PspST
(ST6GALL
signal peptide),
aa

MIHTNLKKKFSCCVLVFLLFAVICVWKEKKKGSYYDSFKLQTKEFQVLKSLGKLAM
GSDSQSVSSSSTQDPHRGRQTLGSLRGLAKAKPGGGGSGGGGSGGGGSNVVAPSLE
VYVDHASLPTLQQLMDIIKSEEENPTAQRYIAWGRIVPTDEQMKELNITSFALINNHTP
ADLVQEIVKQAQTKHRLNVKLSSNTAHSFDNLVPILKELNSFNNVTVINIDLYDDGS
MEY VNLYNWRDTLNK TDNLKIGKDYLEDVINGINEDTSNTGTSSVYNWQKLYPANY
HFLRKDYLTLEPSLHELRDYIGD SLKQMQWDGFKKFNSKQQELFLSIVNFDKQKLQN
EYNSSNLPNFVFTGTTVWGGNHEREY YAKQQINVINNAINESSPHYLGNSYDLFFKG
HPGGGIINTLIMQNYPSMVDIPSKISFEVLMMTDMLPDAVA GIASSLYFTIPAEKIKFIV
FTSTETITDRETALRSPLVQVMIKLGIVKEENVLFWADLPNCETGVCGSGATNFSLLK
QAGDVEENPGPMRLREPLLSGSAAMPGASLQRACRLLVAVCALHLGVTLVYYLAGR
DLSRLPQLVGVSTPLQGGSNSAAAIGQSSGELRTGGARPPPPLGASSQPRPGGDSSPV
VDSGPGPASNLTSVPVPHTTALSLPACPEESPLLVGPMLIEFNMPVDLELVAKQNPNVK
MGGRYAPRDCVSPHK VAIIIPFRNRQEHLKYWLYYLHPVLQRQQLDYGIYVINQAGD
TIFNRAKLLNVGFQEALKDYDYTCFVFSD VDLIPMNDHNAYRCFSQPRHISVAMDKF
GFSLPY VQYFGGVSALSKQQFLTINGFPNNY WGWGGEDDDIFNRLVFRGMSISRPNA
VVGRCRMIRHSRDKKNEPNPQRFDRIAHTKETMLSDGLNSLTYQVLDVQRYPLYTQI
TVDIGTPS

SEQ ID NO: 04
Modified PspST
(B4GALT1
signal peptide).
aa

MRLREPLLSGSAAMPGASLORACRLLVAVCALHLGVTLVYYLAGRDLSRLPOLVGVS
TPLOGGSNSAAAIGQSSGELRTGGARPPPPLGASSQPRPGGGGGGSGGGGSGGGGSN
VVAPSLEVY VDHASLPTLQOQLMDIIKSEEENPTAQRYIAWGRIVPTDEQMKELNITSFA
LINNHTPADLVQEIVKQAQTKHRLNVKLSSNTAHSFDNLVPILKELNSFNNVTVTNID
LYDDGSMEY VNLYNWRDTLNKTDNLKIGKDYLED VINGINEDTSNTGTSSVYNWQK
LYPANYHFLRKDYLTLEPSLHELRDYIGDSLKOMQWDGFKKFNSKQQELFLSIVNFD
KQKLONEYNSSNLPNFVFTGTTVWGGNHEREY YAKQOQINVINNAINESSPHYLGNSY
DLFFKGHPGGGIINTLIMONYPSMVDIPSKISFEVLMMTDMLPD AVAGIASSLYFTIPAE
KIKFIVFTSTETITDRETALRSPLVQVMIKLGIVKEENVLFWADLPNCETGVCGSGATN
FSLLKQAGDVEENPGPMRLREPLLSGSAAMPGASLOQRACRLLVAVCALHLGVTLVYY
LAGRDLSRLPQLVGVSTPLQGGSNSAAAIGQSSGELRTGGARPPPPLGASSQPRPGGD
SSPVVDSGPGPASNLTSVPVPHTTALSLPACPEESPLLVGPMLIEFNMPVDLELVAKQN
PNVKMGGRYAPRDCVSPHKVAIIIPFRNRQEHLKYWLYYLHPVLORQOQLDYGIY VIN
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QAGDTIFNRAKLLNVGFQEALKDYDYTCFVFSDVDLIPMNDHNAYRCFSQPRHISVA
MDKFGFSLPY VQYFGGVSALSKQQFLTINGFPNNY WGW GGEDDDIFNRLVFRGMSIS
RPNAVVGRCRMIRHSRDKKNEPNPQRFDRIAHTKETMLSDGLNSLTYQVLDVQRYPL
YTQITVDIGTPS

SEQID NO: 05
B4GALTI, aa

MRLREPLLSGSAAMPGASLQRACRLLVAVCALHLGVTLVYYLAGRDLSRLPQLVGVS
TPLQGGSNSAAAIGQSSGELRTGGARPPPPLGASSQPRPGGDSSPVVDSGPGPASNLTS
VPVPHTTALSLPACPEESPLLVGPMLIEFNMPVDLELVAKQNPNVKMGGRYAPRDCVS
PHKVAIIIPFRNRQEHLKYWLYYLHPVLQRQQLDY GIY VINQAGDTIFNRAKLLNVGF
QEALKDYDYTCFVFSDVDLIPMNDHNAYRCFSQPRHISVAMDKFGFSLPYVQYFGGV
SALSKQQFLTINGFPNNY WGWGGEDDDIFNRLVFRGMSISRPNAVVGRCRMIRHSRD

KKNEPNPQRFDRIAHTKETMLSDGLNSLTYQVLDVOQRYPLYTQITVDIGTPS

SEQ ID NO: 06
Ribosomal
Shifting peptide
—P2A aa

GSGATNFSLLKQAGDVEENPGP

SEQ ID NO: 07
Ribosomal
Shifting peptide
—T2A, aa

GSGEGRGSLLTCGDVEENPGP

SEQ ID NO: 08
Ribosomal
Shifting peptide
—E2A, aa

GSGQCTNYALLKLAGDVESNPGP

SEQ ID NO: 09
Ribosomal
Shifting peptide
—F2A, aa

GSGVKQTLNFDLLKLAGDVESNPGP

SEQ ID NO: 10
ST6GALL, nt

ATGATCCACACCAATCTGAAGAAGAAGTTTAGCTGTTGCGTGCTGGTGTTCCTGCT
GTTCGCTGTGATCTGCGTGTGGAAGGAGAAGAAGAAGGGCAGCTATTATGACTCC
TTTAAGCTGCAGACCAAGGAGTTCCAGGTGCTGAAGTCCCTGGGCAAGCTGGCC
ATGGGCAGCGACTCCCAGTCCGTGAGCTCCTCCAGCACCCAGGACCCCCACCGG
GGAAGGCAGACCCTGGGATCCCTGAGGGGCCTGGCTAAGGCCAAGCCTGAGGCT
TCCTTCCAGGTGTGGAATAAGGATAGCTCCAGCAAGAACCTGATCCCTAGGCTGC
AGAAGATCTGGAAGAACTATCTGAGCATGAACAAGTATAAGGTGAGCTATAAGGG
CCCTGGCCCTGGCATCAAGTTCTCCGCCGAGGCCCTGAGGTGCCACCTGAGAGAT
CACGTGAATGTGAGCATGGTGGAGGTGACCGACTTCCCTTTTAACACCTCCGAGT
GGGAGGGCTACCTGCCCAAGGAGAGCATCCGGACCAAGGCCGGCCCTTGGGGCA
GATGTGCCGTGGTGTCCAGCGCCGGCTCCCTGAAGAGCTCCCAGCTGGGCCGGG
AGATCGATGACCACGATGCTGTGCTGAGGTTCAATGGCGCTCCTACCGCTAACTTT
CAGCAGGATGTGGGCACCAAGACCACCATCCGGCTGATGAATAGCCAGCTGGTGA
CCACCGAGAAGCGGTTTCTGAAGGACTCCCTGTACAACGAGGGCATCCTGATCGT
GTGGGACCCCTCCGTGTACCACAGCGACATCCCCAAGTGGTATCAGAACCCCGAC
TACAACTTCTTCAATAATTACAAGACCTACCGGAAGCTGCACCCCAACCAGCCCTT
TTATATCCTGAAGCCCCAGATGCCTTGGGAGCTGTGGGACATCCTGCAGGAGATCT
CCCCCGAGGAGATCCAGCCTAACCCCCCTAGCAGCGGCATGCTGGGCATCATCATC
ATGATGACCCTGTGCGATCAGGTGGATATCTACGAGTTCCTGCCCAGCAAGCGGA
AGACCGACGTGTGTTATTATTATCAGAAGTTCTTCGATTCCGCCTGCACCATGGGC
GCCTATCACCCTCTGCTGTACGAGAAGAATCTGGTGAAGCACCTGAACCAGGGCA
CCGACGAGGACATCTATCTGCTGGGCAAGGCCACCCTGCCCGGCTTTAGGACCAT
CCACTGCTGA

SEQ ID NO: 11
PspST only, nt

ATGAAAAACTTTTTATTATTAACTTTAATATTACTTACTGCTTGTAATAATTCAGAAG
AAAATACACAATCTATTATTAAAAATGATATTAATAAAACTATTATTGATGAGGAGTA
TGTTAATTTAGAGCCAATTAATCAATCAAACATCTCTTTTACAAAACACTCTTGGGT
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ACAAACTTGTGGTACGCAACAACTATTAACAGAACAAAATAAAGAGTCAATATCA
TTATCTGTAGTGGCGCCACGATTAGATGACGATGAAAAGTACTGCTTTGATTTTAAT
GGTGTTAGTAATAAAGGTGAAAAATATATAACAAAAGTAACATTAAACGTAGTGGC
TCCATCTTTAGAGGTTTATGTTGATCATGCATCTCTTCCAACTCTTCAGCAGCTAAT
GGATATTATTAAATCGGAAGAAGAAAATCCTACAGCACAAAGATATATAGCTTGGG
GGAGAATAGTTCCGACTGATGAGCAAATGAAAGAGTTAAATATTACATCGTTTGCA
TTGATAAATAACCATACACCAGCTGACTTAGTACAAGAAATTGTTAAGCAAGCACA
AACAAAGCATAGATTGAATGTTAAACTTAGCTCTAACACTGCTCATTCATTTGATAA
TTTAGTGCCAATACTAAAAGAATTAAATTCGTTTAATAACGTTACGGTAACAAATAT
AGATTTATATGATGATGGTTCAGCAGAATATGTAAATTTATATAACTGGAGAGATAC
ATTAAATAAAACAGATAATTTAAAAATTGGTAAAGATTATCTTGAGGATGTCATTAA
TGGTATCAATGAAGACACTTCAAATACAGGAACATCATCTGTTTATAACTGGCAAA
AACTATATCCAGCTAACTACCATTTTTTAAGAAAAGATTATTTAACTTTAGAACCAT
CATTACATGAGTTACGAGACTATATTGGTGATAGTTTAAAGCAAATGCAATGGGATG
GTTTCAAAAAATTCAATAGCAAACAACAAGAATTATTCTTATCGATTGTTAATTTTG
ACAAACAAAAATTACAAAATGAATATAATTCATCTAATTTACCAAACTTTGTGTTTA
CAGGTACGACTGTATGGGCTGGTAACCATGAAAGAGAGTATTATGCGAAACAACA
AATTAATGTCATTAATAATGCAATTAATGAATCGAGCCCACATTATTTAGGCAATAGT
TATGATTTGTTCTTCAAAGGTCACCCTGGTGGCGGTATCATTAATACATTAATAATG
CAAAACTATCCTTCAATGGTTGATATTCCATCAAAAATATCATTTGAAGTTTTGATG
ATGACAGATATGCTTCCTGATGCAGTTGCTGGTATAGCGAGCTCTTTATATTTCACG
ATACCAGCTGAAAAAATTAAATTTATAGTTTTTACATCGACAGAAACTATAACTGAT
CGTGAAACTGCTTTGAGAAGTCCTTTAGTTCAAGTAATGATAAAACTAGGTATTGT
AAAAGAAGAGAATGTACTTTTTTGGGCTGATCTGCCAAATTGTGAAACAGGTGTT
TGTATTGCAGTCTAG

SEQ ID NO: 12 | ATGATCCACACCAACCTGAAGAAGAAGTTCTCCTGCTGTGTGCTGGTGTTTCTGCT
Modified PspST | GTTCGCTGTGATCTGCGTGTGGAAGGAGAAGAAGAAGGGCAGCTATTATGACAGC

(ST6GAL1 TTTAAGCTGCAGACCAAGGAGTTTCAGGTGCTGAAGTCCCTGGGCAAGCTGGCCA
signal peptide), TGGGCTCCGACTCCCAGTCCGTGTCCAGCTCCAGCACCCAGGATCCTCACCGGGG
nt CAGGCAGACCCTGGGCTCTCTGAGAGGCCTGGCTAAGGCTAAGCCCGGCGGCGG

AGGCAGCGGAGGAGGAGGATCTGGCGGCGGAGGATCCAATGTGGTGGCCCCTTC
CCTGGAGGTGTATGTGGACCACGCCTCCCTGCCCACCCTGCAGCAGCTGATGGAT
ATCATCAAGAGCGAGGAGGAGAATCCTACCGCCCAGCGGTATATCGCCTGGGGCC
GGATCGTGCCTACCGACGAGCAGATGAAGGAGCTGAACATCACCTCCTTCGCTCT
GATCAACAATCACACCCCCGCCGACCTGGTGCAGGAGATCGTGAAGCAGGCCCA
GACCAAGCACCGGCTGAACGTGAAGCTGTCCTCCAACACCGCCCACTCCTTTGAC
AACCTGGTGCCTATCCTGAAGGAGCTGAATTCCTTTAATAACGTGACCGTGACCAA
CATCGACCTGTACGACGACGGCTCCATGGAGTATGTGAACCTGTATAACTGGAGG
GACACCCTGAATAAGACCGACAATCTGAAGATCGGCAAGGACTATCTGGAGGACG
TGATCAATGGCATCAATGAGGACACCTCCAACACCGGCACCAGCAGCGTGTATAA
CTGGCAGAAGCTGTACCCTGCTAATTACCACTTTCTGAGGAAGGATTATCTGACCC
TGGAGCCTTCCCTGCACGAGCTGAGGGACTACATCGGCGATAGCCTGAAGCAGAT
GCAGTGGGATGGCTTTAAGAAGTTCAACAGCAAGCAGCAGGAGCTGTTTCTGAG
CATCGTGAATTTTGACAAGCAGAAGCTGCAGAACGAGTATAACTCCTCCAATCTG
CCTAACTTTGTGTTCACCGGCACCACCGTGTGGGGCGGCAATCACGAGCGGGAGT
ACTATGCCAAGCAGCAGATCAACGTGATCAATAATGCCATCAATGAGAGCAGCCC
CCACTACCTGGGCAATAGCTACGATCTGTTCTTCAAGGGCCACCCTGGCGGCGGC
ATCATCAACACCCTGATCATGCAGAACTATCCTTCCATGGTGGATATCCCTAGCAAG
ATCTCCTTCGAGGTGCTGATGATGACCGACATGCTGCCCGACGCCGTGGCTGGCAT
CGCCTCTAGCCTGTATTTTACCATCCCCGCTGAGAAGATCAAGTTCATCGTGTTTAC
CAGCACCGAGACCATCACCGACCGGGAGACCGCCCTGAGGTCCCCACTGGTGCA
GGTGATGATCAAGCTGGGCATCGTGAAGGAGGAGAACGTGCTGTTTTGGGCCGAC
CTGCCCAACTGTGAGACCGGCGTGTGTGGCTCCGGCGCTACCAACTTCTCCCTGC
TGAAGCAGGCTGGCGATGTGGAGGAGAATCCCGGCCCTATGCGGCTGCGGGAGC
CCCTGTTGTCCGGCTCTGCCGCTATGCCCGGCGCTTCCCTGCAGAGAGCCTGTCGG
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CTGCTGGTGGCTGTGTGCGCTCTGCACCTGGGCGTGACCCTGGTGTACTATCTGGC
TGGCCGGGATCTGAGCCGGCTGCCTCAGCTGGTGGGCGTGAGCACCCCCCTGCAG
GGAGGATCCAACTCCGCCGCTGCCATCGGCCAGTCCTCCGGAGAGCTGCGGACCG
GAGGCGCTAGGCCTCCACCACCACTGGGCGCTTCTTCCCAGCCTCGGCCCGGAGG
AGATAGCAGCCCCGTGGTGGACTCCGGCCCTGGACCTGCTTCCAACCTGACCAGC
GTGCCCGTGCCTCACACCACCGCTCTGTCCCTGCCCGCCTGTCCCGAGGAGTCCC
CTCTGCTGGTGGGCCCTATGCTGATCGAGTTTAATATGCCTGTGGACCTGGAGCTG
GTGGCTAAGCAGAATCCTAACGTGAAGATGGGCGGCAGGTACGCTCCCAGGGACT
GCGTGAGCCCTCACAAGGTGGCCATCATCATCCCTTTCCGGAACCGGCAGGAGCA
CCTGAAGTACTGGCTGTACTACCTGCACCCTGTGCTGCAGAGGCAGCAGCTGGAC
TATGGCATCTACGTGATCAACCAGGCCGGCGACACCATCTTTAACCGGGCCAAGCT
GCTGAATGTGGGCTTTCAGGAGGCCCTGAAGGATTATGACTACACCTGCTTTGTGT
TTAGCGATGTGGATCTGATCCCTATGAACGATCACAACGCCTACCGGTGCTTCAGC
CAGCCTCGGCACATCAGCGTGGCCATGGACAAGTTCGGCTTCTCCCTGCCTTACGT
GCAGTACTTCGGCGGCGTGTCCGCCCTGTCCAAGCAGCAGTTCCTGACCATCAAC
GGCTTTCCTAATAACTACTGGGGCTGGGGCGGCGAGGATGATGACATCTTTAATCG
GCTGGTGTTTAGGGGCATGAGCATCAGCCGGCCTAACGCCGTGGTGGGCAGGTGC
AGGATGATCAGGCACTCCCGGGACAAGAAGAACGAGCCTAATCCTCAGAGGTTTG
ACAGGATCGCTCACACCAAGGAGACCATGCTGAGCGACGGCCTGAATAGCCTGAC
CTACCAGGTGCTGGACGTGCAGAGGTACCCTCTGTATACCCAGATCACCGTGGATA
TCGGCACCCCTAGCTGA

SEQID NO: 13 | ATGAGGCTGCGGGAGCCATTGCTGAGCGGCTCCGCTGCCATGCCTGGCGCTTCTC
Modified PspST | TGCAGAGGGCTTGTAGGCTGCTGGTGGCCGTGTGCGCCCTGCACCTGGGAGTGAC

(B4GALTI CCTGGTGTACTACCTGGCTGGCCGGGACCTGTCCCGGCTGCCTCAGTTGGTGGGC
signal peptide), GTGTCCACCCCTCTGCAGGGCGGCGGAGGCAGCGGAGGAGGAGGATCTGGCGGC
nt GGAGGATCCAATGTGGTGGCCCCTTCCCTGGAGGTGTATGTGGACCACGCCTCCC

TGCCCACCCTGCAGCAGCTGATGGATATCATCAAGAGCGAGGAGGAGAATCCTAC
CGCCCAGCGGTATATCGCCTGGGGCCGGATCGTGCCTACCGACGAGCAGATGAAG
GAGCTGAACATCACCTCCTTCGCTCTGATCAACAATCACACCCCCGCCGACCTGG
TGCAGGAGATCGTGAAGCAGGCCCAGACCAAGCACCGGCTGAACGTGAAGCTGT
CCTCCAACACCGCCCACTCCTTTGACAACCTGGTGCCTATCCTGAAGGAGCTGAA
TTCCTTTAATAACGTGACCGTGACCAACATCGACCTGTACGACGACGGCTCCATGG
AGTATGTGAACCTGTATAACTGGAGGGACACCCTGAATAAGACCGACAATCTGAA
GATCGGCAAGGACTATCTGGAGGACGTGATCAATGGCATCAATGAGGACACCTCC
AACACCGGCACCAGCAGCGTGTATAACTGGCAGAAGCTGTACCCTGCTAATTACC
ACTTTCTGAGGAAGGATTATCTGACCCTGGAGCCTTCCCTGCACGAGCTGAGGGA
CTACATCGGCGATAGCCTGAAGCAGATGCAGTGGGATGGCTTTAAGAAGTTCAAC
AGCAAGCAGCAGGAGCTGTTTCTGAGCATCGTGAATTTTGACAAGCAGAAGCTGC
AGAACGAGTATAACTCCTCCAATCTGCCTAACTTTGTGTTCACCGGCACCACCGTG
TGGGGCGGCAATCACGAGCGGGAGTACTATGCCAAGCAGCAGATCAACGTGATCA
ATAATGCCATCAATGAGAGCAGCCCCCACTACCTGGGCAATAGCTACGATCTGTTC
TTCAAGGGCCACCCTGGCGGCGGCATCATCAACACCCTGATCATGCAGAACTATCC
TTCCATGGTGGATATCCCTAGCAAGATCTCCTTCGAGGTGCTGATGATGACCGACA
TGCTGCCCGACGCCGTGGCTGGCATCGCCTCTAGCCTGTATTTTACCATCCCCGCT
GAGAAGATCAAGTTCATCGTGTTTACCAGCACCGAGACCATCACCGACCGGGAGA
CCGCCCTGAGGTCCCCACTGGTGCAGGTGATGATCAAGCTGGGCATCGTGAAGGA
GGAGAACGTGCTGTTTTGGGCCGACCTGCCCAACTGTGAGACCGGCGTGTGT

SEQID NO: 14 ATGAGGCTGCGGGAGCCATTGCTGAGCGGCTCCGCTGCCATGCCTGGCGCTTCTC
B4GALTI, nt TGCAGAGGGCTTGTAGGCTGCTGGTGGCCGTGTGCGCCCTGCACCTGGGAGTGAC
CCTGGTGTACTACCTGGCTGGCCGGGACCTGTCCCGGCTGCCTCAGTTGGTGGGC
GTGTCCACCCCTCTGCAGGGCGGAAGCAATAGCGCCGCTGCCATCGGCCAGTCCT
CCGGAGAGCTGCGGACCGGAGGCGCTAGGCCACCTCCACCTCTGGGCGCTTCCTC
CCAGCCTCGGCCTGGAGGAGATAGCAGCCCCGTGGTGGATAGCGGCCCTGGCCCA
GCTTCTAACCTGACCAGCGTGCCTGTGCCCCACACCACCGCCCTGAGCCTGCCTG
CTTGCCCCGAGGAGTCCCCCCTGCTGGTGGGACCAATGCTGATCGAGTTCAATATG
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CCTGTGGATCTGGAGCTGGTGGCCAAGCAGAATCCCAATGTGAAGATGGGCGGCC
GGTACGCTCCCCGGGATTGTGTGTCCCCTCACAAGGTGGCTATCATCATCCCTTTC
CGGAACCGGCAGGAGCACCTGAAGTACTGGCTGTATTACCTGCACCCCGTGCTGC
AGAGGCAGCAGCTGGACTATGGCATCTACGTGATCAATCAGGCTGGCGACACCAT
CTTCAATCGGGCTAAGCTGCTGAACGTGGGCTTTCAGGAGGCTCTGAAGGACTAC
GACTACACCTGCTTTGTGTTCAGCGATGTGGACCTGATCCCCATGAACGACCACA
ACGCTTATAGGTGCTTCTCCCAGCCTAGGCACATCTCCGTGGCTATGGACAAGTTT
GGCTTCTCCCTGCCCTACGTGCAGTATTTTGGCGGCGTGTCCGCCCTGAGCAAGCA
GCAGTTTCTGACCATCAATGGCTTTCCTAACAATTACTGGGGCTGGGGCGGCGAG
GATGATGACATCTTCAACCGGCTGGTGTTCAGGGGCATGTCCATCAGCAGGCCTAA
CGCTGTGGTGGGCCGGTGTAGGATGATCAGGCACTCCCGGGACAAGAAGAATGA
GCCCAATCCTCAGCGGTTTGACCGGATCGCCCACACCAAGGAGACCATGCTGTCC
GACGGCCTGAATTCCCTGACCTACCAGGTGCTGGACGTGCAGAGGTATCCTCTGT
ACACCCAGATCACCGTGGATATCGGCACCCCTTCCTGA

SEQIDNO: 15 | MFTPVRRRVRTAALALSAAAALVLGSTAASGASATPSPAPAPAPAPVKQGPTSVAY VE
Endo H. aa VNNNSMLNVGKYTLADGGGNAFDVAVIFAANINYDTGTKTAYLHFNENVQRVLDNA
VTQIRPLQQQGIK VLLSVL GNHQGAGFANFPSQQAASAFAKQLSDAVAK Y GLDGVDF
DDEYAEYGNNGTAQPNDSSFVHLVTALRANMPDKIISLYNIGPAASRLSYGGVDVSD
KFDYAWNPYYGTWQVPGIALPKAQLSPAAVEIGRTSRSTVADLARRTVDEGYGVYLT
YNLDGGDRTADVSAFTRELYGSEAVRTP

SEQIDNO: 16 | MDKHLLVKRTLGCVCAATLMGAALATHHDSLNTVKAEEKTVQTGKTDQQVGAKLV
Endo S2, aa QEIREGKRGPLYAGYFRTWHDRASTGIDGKQQHPENTMAEVPKEVDILFVFHDHTAS
DSPFWSELKDSYVHKLHQQGTALVQTIGVNELNGRTGLSKDYPDTPEGNKALAAAIV
KAFVTDRGVDGLDIDIEHEFTNKRTPEEDARALNVFKEIAQLIGKNGSDKSKLLIMDT
TLSVENNPIFK GIAEDLDYLLRQY YGSQGGEAEVDTINSDWNQYQNYIDASQFMIGF
SFFEESASK GNLWFDVNEYDPNNPEK GKDIEGTRAKKYAEWQPSTGGLKAGIFSYAI
DRDGVAHVPSTYKNRTSTNLQRHEVDNISHTDYTVSRKLKTLMTEDKRYD VIDQKDI
PDPALREQIIQQVGQYKGDLERYNKTLVLTGDKIQNLK GLEKLSKLQKLELRQLSNV
KEITPELLPESMKKDAELVMVGMTGLEKLNLSGLNRQTLDGIDVNSITHLTSFDISHN
SLDLSEK SEDRKLLMTLMEQVSNHQKITVKNTAFENQKPKGY YPQTYDTKEGHYDV
DNAEHDILTDFVFGTVTKRNTFIGDEEAFATYKEGAVDGRQY VSKDYTYEAFRKDYK
GYKVHLTASNLGETVTSKVTATTDETYLVD VSDGEK VVHHMKLNIGSGAIMMENLA
KGAK VIGTSGDFEQAKKIFDGEK SDRFFTWGQTNWIAFDLGEINLAKEWRLFNAETN
TEIKTDSSLNVAKGRLQILKDTTIDLEKMDIKNRKEYLSNDENWTD VAQMDDAKAIF
NSKLSNVLSRY WRFCVDGGASSYYPQYTELQILGQRLSNDVANTLKD

SEQID NO: 17 | GACTCGAAGCACTCGCTCGGCGCTTCCGACTGGCGGGGCGCCGACCATCCCGTTG
Endo H. nt GGAGACCATCAGCCATGTTCACTCCGGTTCGCAGAAGGGTGCGGACGGCTGCGCT
CGCGCTCTCGGCCGCCGCGGCCCTCGTCCTCGGTTCCACCGCCGCGAGCGGCGCG
TCAGCGACCCCCTCACCCGCTCCGGCCCCGGCCCCGGCCCCGGTGAAGCAGGGG
CCGACCTCGGTGGCCTACGTCGAGGTGAACAACAACAGCATGCTCAACGTCGGC
AAGTACACCCTGGCGGACGGAGGCGGCAACGCCTTCGACGTAGCCGTGATCTTCG
CGGCGAACATCAACTACGACACCGGCACGAAGACGGCCTACCTGCACTTCAACG
AGAACGTGCAGCGCGTCCTTGACAACGCTGTCACGCAGATACGGCCGTTGCAGCA
ACAGGGCATCAAGGTCCTCCTCTCGGTGCTCGGCAACCACCAGGGCGCCGGGTTC
GCGAACTTCCCCTCACAGCAGGCGGCTTCGGCGTTCGCGAAGCAGCTCTCGGAC
GCCGTGGCGAAGTACGGCCTCGACGGCGTCGACTTCGACGACGAATACGCCGAG
TACGGCAACAACGGCACCGCGCAGCCCAACGACAGTTCGTTCGTGCACCTGGTG
ACGGCACTGCGCGCGAACATGCCCGACAAGATCATCAGCCTCTACAACATCGGCC
CGGCCGCGTCCCGCCTGTCGTACGGCGGTGTCGACGTCTCCGACAAGTTCGACTA
CGCCTGGAATCCCTACTACGGCACCTGGCAGGTCCCCGGCATCGCACTGCCCAAG
GCGCAGCTGTCGCCGGCGGCCGTCGAGATCGGCCGGACCTCACGGAGCACCGTC
GCCGACCTCGCCCGTCGCACCGTCGACGAGGGGTACGGCGTCTATCTGACGTACA
ACCTCGACGGCGGCGATCGCACCGCCGACGTCTCCGCGTTCACCAGGGAGCTGTA
CGGCAGCGAGGCGGTCCGGACGCCGTAGGGGCGTCGGGGCCTGCCGTCAGTCCA
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GTACGAAGGTGCCGCCGGCGGTGGTCGCCTGGCCGTGCCCGAAAGCGGCCGCCG

GCGTCCAGGATCC
SEQ ID NO: 18 | GGCGAACTATAGGAATGCGCTTACATAGATGGTATATCAGATGGGAAGCCATGACT
Endo S2, nt TAGTACCAAAAATAAGGAGTGTCCAAATGGATAAACATTTGTTGGTAAAAAGAAC

ACTAGGGTGTGTTTGTGCTGCAACGTTGATGGGAGCTGCCTTAGCGACCCACCAT
GATTCACTCAATACTGTAAAAGCGGAGGAGAAGACTGTTCAAACAGGAAAGACA
GATCAGCAGGTTGGTGCTAAATTGGTACAGGAAATCCGTGAAGGAAAACGCGGA
CCACTATATGCTGGTTATTTTAGGACATGGCATGATCGTGCTTCAACAGGAATAGAT
GGTAAACAGCAACATCCAGAAAATACTATGGCTGAGGTCCCAAAAGAAGTTGATA
TCTTATTTGTTTTTCATGACCATACAGCTTCAGATAGTCCATTTTGGTCTGAATTAAA
GGACAGTTATGTCCATAAATTACATCAACAGGGAACGGCACTTGTTCAGACAATTG
GTGTTAACGAATTAAATGGACGTACAGGTTTATCTAAAGATTATCCTGATACTCCTG
AGGGGAACAAAGCTTTAGCAGCAGCCATTGTCAAGGCATTTGTAACTGATCGTGG
TGTCGATGGACTAGATATTGATATTGAGCACGAATTTACGAACAAAAGAACACCTG
AAGAAGATGCTCGTGCTCTAAATGTTTTTAAAGAGATTGCGCAGTTAATAGGTAAA
AATGGTAGTGATAAATCTAAATTGCTCATCATGGACACTACCCTAAGTGTTGAAAA
TAATCCAATATTTAAAGGGATAGCGGAAGATCTTGATTATCTTCTTAGACA ATATTAT
GGTTCACAAGGTGGAGAAGCTGAAGTGGATACTATAAACTCTGATTGGAACCAAT
ATCAGAATTATATTGATGCTAGCCAGTTCATGATTGGATTCTCCTTTTTTGAAGAATC
TGCGTCCAAAGGGAATTTATGGTTTGATGTTAACGAATACGACCCTAACAATCCTG
AAAAAGGGAAAGATATTGAAGGAACACGTGCTAAAAAATATGCAGAGTGGCAAC
CTAGTACAGGTGGTTTAAAAGCAGGTATATTCTCTTATGCTATTGATCGTGATGGAG
TGGCTCATGTTCCTTCAACATATAAAAATAGGACTAGTACAAATTTACAACGGCAT
GAAGTCGATAATATCTCACATACTGACTACACCGTATCTCGAAAATTAAAAACATTG
ATGACCGAAGACAAACGCTATGATGTCATTGATCAAAAAGACATTCCTGACCCAG
CATTAAGAGAACAAATCATTCAACAAGTTGGACAGTATAAAGGCGATTTGGAACG
TTATAACAAGACATTGGTGCTTACAGGAGATAAGATTCAAAATCTTAAAGGACTAG
AAAAATTAAGCAAGTTACAAAAATTAGAGTTGCGCCAGCTATCTAACGTTAAAGA
AATTACTCCAGAACTTTTGCCGGAAAGCATGAAAAAAGATGCTGAGCTTGTTATG
GTAGGCATGACTGGTTTAGAAAAACTAAACCTTAGTGGTCTAAATCGTCAAACTTT
AGACGGTATAGACGTGAATAGTATTACGCATTTGACATCATTTGATATTTCACATAAT
AGTTTGGACTTGTCGGAAAAGAGTGAAGACCGTAAACTATTAATGACTTTGATGG
AGCAGGTTTCAAATCATCAAAAAATAACGGTGAAAAATACGGCTTTTGAAAATCA
AAAACCGAAAGGTTATTATCCTCAGACGTATGATACCAAAGAAGGTCATTATGATG
TTGATAATGCAGAACATGATATTTTAACTGATTTITGTTTTTGGAACTGTTACTAAAC
GTAATACCTTTATTGGAGACGAAGAAGCATTTGCTATCTATAAAGAAGGAGCTGTC
GATGGTCGACAATATGTGTCTAAAGACTATACTTATGAAGCTTTTCGTAAAGACTAT
AAAGGTTACAAGGTTCATTTAACTGCTTCTAACCTAGGAGAAACAGTTACTTCTAA
GGTAACTGCTACTACTGATGAAACTTACTTAGTAGATGTTTCTGATGGGGAAAAAG
TTGTTCACCACATGAAACTCAATATAGGATCTGGTGCCATCATGATGGAAAATCTG
GCAAAAGGGGCTAAAGTGATTGGTACATCTGGGGACTTTGAGCAAGCAAAGAAG
ATTTTCGATGGTGAAAAGTCAGATAGATTCTTCACTTGGGGACAAACTAACTGGAT
AGCTTTTGATCTAGGAGAAATTAATCTTGCGAAGGAATGGCGTTTATTTAATGCAG
AGACAAATACTGAAATAAAGACAGATAGTAGCTTAAACGTGGCTAAAGGACGTCT
TCAGATTTTAAAAGATACAACTATTGATTTAGAAAAAATGGACATAAAAAATCGTA
AAGAGTATCTGTCGAATGATGAAAATTGGACTGATGTTGCTCAGATGGATGATGCA
AAAGCGATATTTAATAGTAAATTATCCAATGTTTTATCTCGGTATTGGCGGTTTTGTG
TAGATGGTGGAGCTAGCTCTTATTACCCTCAATATACCGAACTTCAAATCCTCGGAC
AACGTTTATCAAATGATGTCGCTAATACGCTGAAGGATTGATATTAAAGTCCTACGA
TTACAAAGATAAACAGTTTCTCAAAGTTGATTTAAGCACTTTAAAACCTAACTAAA
AATCTGAGATGAATAGTCCCAGATTTTTAGTCTTTTATAGGTTTTGATGACATAAAG
CTAAATAATCGTTAGACTACCAGAAAGTGGCGC

SEQID NO: 19 | GGCTCCGGCGCTACCAACTTCTCCCTGCTGAAGCAGGCTGGCGATGTGGAGGAGA
ATCCCGGCCCT
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Ribosomal

Shifting peptide

—P2A, nt

SEQ ID NO: 20 | GGTTCAGGTGAGGGCCGCGGCAGTCTGCTGACTTGCGGCGACGTCGAGGAGAAC
Ribosomal CCCGGTCCT

Shifting peptide

—T2A, nt

SEQ ID NO: 21 | GGGAGTGGGCAATGCACTAACTATGCATTGCTTAAGTTGGCTGGTGATGTAGAATC
Ribosomal TAATCCTGGGCCC

Shifting peptide

—E2A, nt

SEQ ID NO: 22 | GGCAGTGGGGTGAAGCAGACCCTCAATTTTGACTTGTTGAAACTCGCAGGCGAC
Ribosomal GTAGAATCTAACCCCGGACCT

Shifting peptide

“F2A, nt

SEQ ID NO: 23 | GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCT
SWG-006, nt GATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA

GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGC
ATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAG
ATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCA
TTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCG
CCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGT
AAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
GACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGAT
GCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTC
CAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACG
GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGG
CGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCA
CTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGC
TAGCGCCGCCACCATGATCCACACCAATCTGAAGAAGAAGTTTAGCTGTTGCGTG
CTGGTGTTCCTGCTGTTCGCTGTGATCTGCGTGTGGAAGGAGAAGAAGAAGGGCA
GCTATTATGACTCCTTTAAGCTGCAGACCAAGGAGTTCCAGGTGCTGAAGTCCCTG
GGCAAGCTGGCCATGGGCAGCGACTCCCAGTCCGTGAGCTCCTCCAGCACCCAG
GACCCCCACCGGGGAAGGCAGACCCTGGGATCCCTGAGGGGCCTGGCTAAGGCC
AAGCCTGAGGCTTCCTTCCAGGTGTGGAATAAGGATAGCTCCAGCAAGAACCTGA
TCCCTAGGCTGCAGAAGATCTGGAAGAACTATCTGAGCATGAACAAGTATAAGGT
GAGCTATAAGGGCCCTGGCCCTGGCATCAAGTTCTCCGCCGAGGCCCTGAGGTGC
CACCTGAGAGATCACGTGAATGTGAGCATGGTGGAGGTGACCGACTTCCCTTTTA
ACACCTCCGAGTGGGAGGGCTACCTGCCCAAGGAGAGCATCCGGACCAAGGCCG
GCCCTTGGGGCAGATGTGCCGTGGTGTCCAGCGCCGGCTCCCTGAAGAGCTCCCA
GCTGGGCCGGGAGATCGATGACCACGATGCTGTGCTGAGGTTCAATGGCGCTCCT
ACCGCTAACTTTCAGCAGGATGTGGGCACCAAGACCACCATCCGGCTGATGAATA
GCCAGCTGGTGACCACCGAGAAGCGGTTTCTGAAGGACTCCCTGTACAACGAGG
GCATCCTGATCGTGTGGGACCCCTCCGTGTACCACAGCGACATCCCCAAGTGGTAT
CAGAACCCCGACTACAACTTCTTCAATAATTACAAGACCTACCGGAAGCTGCACC
CCAACCAGCCCTTTTATATCCTGAAGCCCCAGATGCCTTGGGAGCTGTGGGACATC
CTGCAGGAGATCTCCCCCGAGGAGATCCAGCCTAACCCCCCTAGCAGCGGCATGC
TGGGCATCATCATCATGATGACCCTGTGCGATCAGGTGGATATCTACGAGTTCCTGC
CCAGCAAGCGGAAGACCGACGTGTGTTATTATTATCAGAAGTTCTTCGATTCCGCC
TGCACCATGGGCGCCTATCACCCTCTGCTGTACGAGAAGAATCTGGTGAAGCACC
TGAACCAGGGCACCGACGAGGACATCTATCTGCTGGGCAAGGCCACCCTGCCCGG
CTTTAGGACCATCCACTGCGGCAGCGGCGCTACCAATTTCAGCCTGCTGAAGCAG
GCTGGCGATGTGGAGGAGAACCCCGGCCCCATGAGGCTGCGGGAGCCATTGCTG
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AGCGGCTCCGCTGCCATGCCTGGCGCTTCTCTGCAGAGGGCTTGTAGGCTGCTGG
TGGCCGTGTGCGCCCTGCACCTGGGAGTGACCCTGGTGTACTACCTGGCTGGCCG
GGACCTGTCCCGGCTGCCTCAGTTGGTGGGCGTGTCCACCCCTCTGCAGGGCGGA
AGCAATAGCGCCGCTGCCATCGGCCAGTCCTCCGGAGAGCTGCGGACCGGAGGC
GCTAGGCCACCTCCACCTCTGGGCGCTTCCTCCCAGCCTCGGCCTGGAGGAGATA
GCAGCCCCGTGGTGGATAGCGGCCCTGGCCCAGCTTCTAACCTGACCAGCGTGCC
TGTGCCCCACACCACCGCCCTGAGCCTGCCTGCTTGCCCCGAGGAGTCCCCCCTG
CTGGTGGGACCAATGCTGATCGAGTTCAATATGCCTGTGGATCTGGAGCTGGTGGC
CAAGCAGAATCCCAATGTGAAGATGGGCGGCCGGTACGCTCCCCGGGATTGTGTG
TCCCCTCACAAGGTGGCTATCATCATCCCTTTCCGGAACCGGCAGGAGCACCTGA
AGTACTGGCTGTATTACCTGCACCCCGTGCTGCAGAGGCAGCAGCTGGACTATGG
CATCTACGTGATCAATCAGGCTGGCGACACCATCTTCAATCGGGCTAAGCTGCTGA
ACGTGGGCTTTCAGGAGGCTCTGAAGGACTACGACTACACCTGCTTTGTGTTCAG
CGATGTGGACCTGATCCCCATGAACGACCACAACGCTTATAGGTGCTTCTCCCAGC
CTAGGCACATCTCCGTGGCTATGGACAAGTTTGGCTTCTCCCTGCCCTACGTGCAG
TATTTTGGCGGCGTGTCCGCCCTGAGCAAGCAGCAGTTTCTGACCATCAATGGCTT
TCCTAACAATTACTGGGGCTGGGGCGGCGAGGATGATGACATCTTCAACCGGCTG
GTGTTCAGGGGCATGTCCATCAGCAGGCCTAACGCTGTGGTGGGCCGGTGTAGGA
TGATCAGGCACTCCCGGGACAAGAAGAATGAGCCCAATCCTCAGCGGTTTGACCG
GATCGCCCACACCAAGGAGACCATGCTGTCCGACGGCCTGAATTCCCTGACCTAC
CAGGTGCTGGACGTGCAGAGGTATCCTCTGTACACCCAGATCACCGTGGATATCGG
CACCCCTTCCTGATGATGACTCGAGTCTAGAGGGCCCGTTTAAACCCGCTGATCAG
CCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTT
CCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATT
GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGG
ACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGG
GCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCA
CGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTG
ACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTT
CTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGG
GTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATG
GTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTITTCGCCCTTTGACGTTGGAG
TCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTAT
CTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAA
AATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAG
TTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGC
ATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAG
AAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTC
CGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGA
CTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAG
AAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAG
CTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGA
TTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATT
CGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGG
CTGTCAGCGCAGGGGCGCCCGGTTCTTITTGTCAAGACCGACCTGTCCGGTGCCC
TGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCG
TTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCT
ATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAG
AAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTAC
CTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATG
GAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGC
CAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGT
CGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTT
CTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGC
GTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTC
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CTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTT
CTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGAC
GCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGG
GCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCT
CATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAA
ATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAG
TTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCT
AGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCG
CTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTG
CCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAG
TCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAG
GCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCG
GTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATC
CACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAA
GGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACA
GGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGT
TCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGG
CGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCC
AAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCG
GTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGC
AGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTC
TTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGC
TCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAA
CAAACCACCGCTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAA
AAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTC
ACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAG
TAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGAT
CTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGAT
ACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGC
TCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCA
GAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAA
GCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTAC
AGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCC
AACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTC
CTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGG
TTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAG
TTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAA
AAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACC
GCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCAT
CTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGC
AAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTITC
AATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG
TATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCA
CCTGACGTC

SEQ ID NO: 24 | GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCT
SWG-015, nt GATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGC
ATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAG
ATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCA
TTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCG
CCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGT
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AAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
GACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGAT
GCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTC
CAAGTCTCCACCCCATTGACGTCAATGGGAGTITGTTTTGGCACCAAAATCAACG
GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGG
CGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCA
CTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGC
TAGCGCCGCCACCATGATCCACACCAACCTGAAGAAGAAGTTCTCCTGCTGTGTG
CTGGTGTTTCTGCTGTTCGCTGTGATCTGCGTGTGGAAGGAGAAGAAGAAGGGCA
GCTATTATGACAGCTTTAAGCTGCAGACCAAGGAGTTTCAGGTGCTGAAGTCCCT
GGGCAAGCTGGCCATGGGCTCCGACTCCCAGTCCGTGTCCAGCTCCAGCACCCAG
GATCCTCACCGGGGCAGGCAGACCCTGGGCTCTCTGAGAGGCCTGGCTAAGGCTA
AGCCCGGCGGCGGAGGCAGCGGAGGAGGAGGATCTGGCGGCGGAGGATCCAATG
TGGTGGCCCCTTCCCTGGAGGTGTATGTGGACCACGCCTCCCTGCCCACCCTGCA
GCAGCTGATGGATATCATCAAGAGCGAGGAGGAGAATCCTACCGCCCAGCGGTAT
ATCGCCTGGGGCCGGATCGTGCCTACCGACGAGCAGATGAAGGAGCTGAACATCA
CCTCCTTCGCTCTGATCAACAATCACACCCCCGCCGACCTGGTGCAGGAGATCGT
GAAGCAGGCCCAGACCAAGCACCGGCTGAACGTGAAGCTGTCCTCCAACACCGC
CCACTCCTTTGACAACCTGGTGCCTATCCTGAAGGAGCTGAATTCCTTTAATAACG
TGACCGTGACCAACATCGACCTGTACGACGACGGCTCCATGGAGTATGTGAACCT
GTATAACTGGAGGGACACCCTGAATAAGACCGACAATCTGAAGATCGGCAAGGAC
TATCTGGAGGACGTGATCAATGGCATCAATGAGGACACCTCCAACACCGGCACCA
GCAGCGTGTATAACTGGCAGAAGCTGTACCCTGCTAATTACCACTTTCTGAGGAAG
GATTATCTGACCCTGGAGCCTTCCCTGCACGAGCTGAGGGACTACATCGGCGATAG
CCTGAAGCAGATGCAGTGGGATGGCTTTAAGAAGTTCAACAGCAAGCAGCAGGA
GCTGTTTCTGAGCATCGTGAATTTTGACAAGCAGAAGCTGCAGAACGAGTATAAC
TCCTCCAATCTGCCTAACTTTGTGTTCACCGGCACCACCGTGTGGGGCGGCAATCA
CGAGCGGGAGTACTATGCCAAGCAGCAGATCAACGTGATCAATAATGCCATCAATG
AGAGCAGCCCCCACTACCTGGGCAATAGCTACGATCTGTTCTTCAAGGGCCACCC
TGGCGGCGGCATCATCAACACCCTGATCATGCAGAACTATCCTTCCATGGTGGATA
TCCCTAGCAAGATCTCCTTCGAGGTGCTGATGATGACCGACATGCTGCCCGACGCC
GTGGCTGGCATCGCCTCTAGCCTGTATTTTACCATCCCCGCTGAGAAGATCAAGTT
CATCGTGTTTACCAGCACCGAGACCATCACCGACCGGGAGACCGCCCTGAGGTCC
CCACTGGTGCAGGTGATGATCAAGCTGGGCATCGTGAAGGAGGAGAACGTGCTG
TTTTGGGCCGACCTGCCCAACTGTGAGACCGGCGTGTGTGGCTCCGGCGCTACCA
ACTTCTCCCTGCTGAAGCAGGCTGGCGATGTGGAGGAGAATCCCGGCCCTATGCG
GCTGCGGGAGCCCCTGTTGTCCGGCTCTGCCGCTATGCCCGGCGCTTCCCTGCAG
AGAGCCTGTCGGCTGCTGGTGGCTGTGTGCGCTCTGCACCTGGGCGTGACCCTGG
TGTACTATCTGGCTGGCCGGGATCTGAGCCGGCTGCCTCAGCTGGTGGGCGTGAG
CACCCCCCTGCAGGGAGGATCCAACTCCGCCGCTGCCATCGGCCAGTCCTCCGGA
GAGCTGCGGACCGGAGGCGCTAGGCCTCCACCACCACTGGGCGCTTCTTCCCAGC
CTCGGCCCGGAGGAGATAGCAGCCCCGTGGTGGACTCCGGCCCTGGACCTGCTTC
CAACCTGACCAGCGTGCCCGTGCCTCACACCACCGCTCTGTCCCTGCCCGCCTGT
CCCGAGGAGTCCCCTCTGCTGGTGGGCCCTATGCTGATCGAGTTTAATATGCCTGT
GGACCTGGAGCTGGTGGCTAAGCAGAATCCTAACGTGAAGATGGGCGGCAGGTA
CGCTCCCAGGGACTGCGTGAGCCCTCACAAGGTGGCCATCATCATCCCTTTCCGG
AACCGGCAGGAGCACCTGAAGTACTGGCTGTACTACCTGCACCCTGTGCTGCAGA
GGCAGCAGCTGGACTATGGCATCTACGTGATCAACCAGGCCGGCGACACCATCTT
TAACCGGGCCAAGCTGCTGAATGTGGGCTTTCAGGAGGCCCTGAAGGATTATGAC
TACACCTGCTTTGTGTTTAGCGATGTGGATCTGATCCCTATGAACGATCACAACGC
CTACCGGTGCTTCAGCCAGCCTCGGCACATCAGCGTGGCCATGGACAAGTTCGGC
TTCTCCCTGCCTTACGTGCAGTACTTCGGCGGCGTGTCCGCCCTGTCCAAGCAGCA
GTTCCTGACCATCAACGGCTTTCCTAATAACTACTGGGGCTGGGGCGGCGAGGAT
GATGACATCTTTAATCGGCTGGTGTTTAGGGGCATGAGCATCAGCCGGCCTAACGC
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CGTGGTGGGCAGGTGCAGGATGATCAGGCACTCCCGGGACAAGAAGAACGAGCC
TAATCCTCAGAGGTTTGACAGGATCGCTCACACCAAGGAGACCATGCTGAGCGAC
GGCCTGAATAGCCTGACCTACCAGGTGCTGGACGTGCAGAGGTACCCTCTGTATA
CCCAGATCACCGTGGATATCGGCACCCCTAGCTGACTCGAGTCTAGAGGGCCCGT
TTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTIT
GCCCCTCCCCCOGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCC
TAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGG
GGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCT
CTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGT
GGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTC
GCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAAT
CGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAA
ACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTC
GCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGA
ACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATT
TCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATT
CTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCA
GAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCC
AGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACC
ATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCA
TTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTC
TGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTT
GCAAAAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGG
ATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCG
CTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTC
TGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAG
ACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGT
GGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGC
GGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCT
CACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCA
TACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGC
GAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGA
GCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCC
GACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGT
GGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGAC
CGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGA
ATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCA
TCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAA
TGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGC
CTTCTATGAAAGGTTGGGCTTCGGAATCGTTTITCCGGGACGCCGGCTGGATGATCC
TCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCA
GCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTT
TTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCT
GTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG
TGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAG
TGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTC
ACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCC
AACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCAC
TGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAG
GCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAG
CAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTT
TCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAG
GTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCC
CTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCT
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CCCTTCGGGAAGCGTGGCGCTTITCTCATAGCTCACGCTGTAGGTATCTCAGTTCGG
TGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGA
CCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACT
TATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGG
CGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACA
GTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAG
CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTTTTTTTGTITGCAAGCAG
CAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGG
GGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATT
ATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAAT
CTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGG
CACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCG
TGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATA
CCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATT
AATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGT
TGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATT
CAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAA
AAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAG
TGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGT
ATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCAC
ATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACT
CTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCA
ACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGA
AGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTC
ATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCG
GATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTC
CCCGAAAAGTGCCACCTGACGTC

SEQ ID NO: 25 | GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCG

ST6GALI ATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAG
cxpression TAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCA
vector TGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGA

TATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCAT
TAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGC
CTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCC
ATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA
AACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTG
ACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGG
GACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATG
CGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCC
AAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGG
GACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGC
GTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCAC
TGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCT
AGCGCCGCCACCATGATCCACACCAATCTGAAGAAGAAGTTTAGCTGTTGCGTGC
TGGTGTTCCTGCTGTTCGCTGTGATCTGCGTGTGGAAGGAGAAGAAGAAGGGCA
GCTATTATGACTCCTTTAAGCTGCAGACCAAGGAGTTCCAGGTGCTGAAGTCCCTG
GGCAAGCTGGCCATGGGCAGCGACTCCCAGTCCGTGAGCTCCTCCAGCACCCAG
GACCCCCACCGGGGAAGGCAGACCCTGGGATCCCTGAGGGGCCTGGCTAAGGCC
AAGCCTGAGGCTTCCTTCCAGGTGTGGAATAAGGATAGCTCCAGCAAGAACCTGA
TCCCTAGGCTGCAGAAGATCTGGAAGAACTATCTGAGCATGAACAAGTATAAGGT
GAGCTATAAGGGCCCTGGCCCTGGCATCAAGTTCTCCGCCGAGGCCCTGAGGTGC
CACCTGAGAGATCACGTGAATGTGAGCATGGTGGAGGTGACCGACTTCCCTTTTA
ACACCTCCGAGTGGGAGGGCTACCTGCCCAAGGAGAGCATCCGGACCAAGGCCG
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GCCCTTGGGGCAGATGTGCCGTGGTGTCCAGCGCCGGCTCCCTGAAGAGCTCCCA
GCTGGGCCGGGAGATCGATGACCACGATGCTGTGCTGAGGTTCAATGGCGCTCCT
ACCGCTAACTTTCAGCAGGATGTGGGCACCAAGACCACCATCCGGCTGATGAATA
GCCAGCTGGTGACCACCGAGAAGCGGTTTCTGAAGGACTCCCTGTACAACGAGG
GCATCCTGATCGTGTGGGACCCCTCCGTGTACCACAGCGACATCCCCAAGTGGTAT
CAGAACCCCGACTACAACTTCTTCAATAATTACAAGACCTACCGGAAGCTGCACC
CCAACCAGCCCTTTTATATCCTGAAGCCCCAGATGCCTTGGGAGCTGTGGGACATC
CTGCAGGAGATCTCCCCCGAGGAGATCCAGCCTAACCCCCCTAGCAGCGGCATGC
TGGGCATCATCATCATGATGACCCTGTGCGATCAGGTGGATATCTACGAGTTCCTGC
CCAGCAAGCGGAAGACCGACGTGTGTTATTATTATCAGAAGTTCTTCGATTCCGCC
TGCACCATGGGCGCCTATCACCCTCTGCTGTACGAGAAGAATCTGGTGAAGCACC
TGAACCAGGGCACCGACGAGGACATCTATCTGCTGGGCAAGGCCACCCTGCCCGG
CTTTAGGACCATCCACTGCTGACTCGAGTCTAGAGGGCCCGTTTAAACCCGCTGAT
CAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGA
AATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGC
AGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGG
TGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCC
CCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGC
GTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTC
CTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTT
TAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGT
GATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTT
GGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAAC
CCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGT
TAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGT
GTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAA
GCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGC
AGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCC
CTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCA
TGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCT
ATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTC
CCGGGAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTT
TCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAG
AGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCG
TGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTITGTCAAGACCGACCTGTC
CGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCAC
GACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGA
CTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTC
CTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGAT
CCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTA
CTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGG
GCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGA
GGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATG
GCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAG
GACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTG
ACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTC
TATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGAC
CAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGA
AAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGC
GGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAAT
GGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACT
GCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCG
TCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAA
TTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAG
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CCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCC
GCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCG
CGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTC
GCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTA
ATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAG
GCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAG
GCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCG
AAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTG
CGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCG
GGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGT
CGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGC
GCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCC
ACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCT
ACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTG
GTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTG
ATCCGGCAAACAAACCACCGCTGGTAGCGGTTTTTTTGTTITGCAAGCAGCAGATT
ACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTG
ACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAA
AAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG
TATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTAT
CTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGAT
AACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGA
GACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGG
CCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGT
TGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTITGCGCAACGTTGTTG
CCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGC
TCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
CGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTA
TCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGA
TGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG
GCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAG
GATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGAT
CTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCA
AAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTC
TTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACA
TATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGA

AAAGTGCCACCTGACGTC
SEQ ID NO: 26 | GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCT
B4GALT1 GATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
expression GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGC
vector ATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAG

ATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCA
TTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCG
CCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGT
AAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
GACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGAT
GCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTC
CAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACG
GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGG
CGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCA
CTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGC
TAGCGCCGCCACCATGAGGCTGCGGGAGCCATTGCTGAGCGGCTCCGCTGCCATG
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CCTGGCGCTTCTCTGCAGAGGGCTTGTAGGCTGCTGGTGGCCGTGTGCGCCCTGC
ACCTGGGAGTGACCCTGGTGTACTACCTGGCTGGCCGGGACCTGTCCCGGCTGCC
TCAGTTGGTGGGCGTGTCCACCCCTCTGCAGGGCGGAAGCAATAGCGCCGCTGCC
ATCGGCCAGTCCTCCGGAGAGCTGCGGACCGGAGGCGCTAGGCCACCTCCACCTC
TGGGCGCTTCCTCCCAGCCTCGGCCTGGAGGAGATAGCAGCCCCGTGGTGGATAG
CGGCCCTGGCCCAGCTTCTAACCTGACCAGCGTGCCTGTGCCCCACACCACCGCC
CTGAGCCTGCCTGCTTGCCCCGAGGAGTCCCCCCTGCTGGTGGGACCAATGCTGA
TCGAGTTCAATATGCCTGTGGATCTGGAGCTGGTGGCCAAGCAGAATCCCAATGTG
AAGATGGGCGGCCGGTACGCTCCCCGGGATTGTGTGTCCCCTCACAAGGTGGCTA
TCATCATCCCTTTCCGGAACCGGCAGGAGCACCTGAAGTACTGGCTGTATTACCTG
CACCCCGTGCTGCAGAGGCAGCAGCTGGACTATGGCATCTACGTGATCAATCAGG
CTGGCGACACCATCTTCAATCGGGCTAAGCTGCTGAACGTGGGCTTTCAGGAGGC
TCTGAAGGACTACGACTACACCTGCTTTGTGTTCAGCGATGTGGACCTGATCCCCA
TGAACGACCACAACGCTTATAGGTGCTTCTCCCAGCCTAGGCACATCTCCGTGGCT
ATGGACAAGTTTGGCTTCTCCCTGCCCTACGTGCAGTATTTTGGCGGCGTGTCCGC
CCTGAGCAAGCAGCAGTTTCTGACCATCAATGGCTTTCCTAACAATTACTGGGGCT
GGGGCGGCGAGGATGATGACATCTTCAACCGGCTGGTGTTCAGGGGCATGTCCAT
CAGCAGGCCTAACGCTGTGGTGGGCCGGTGTAGGATGATCAGGCACTCCCGGGAC
AAGAAGAATGAGCCCAATCCTCAGCGGTTTGACCGGATCGCCCACACCAAGGAG
ACCATGCTGTCCGACGGCCTGAATTCCCTGACCTACCAGGTGCTGGACGTGCAGA
GGTATCCTCTGTACACCCAGATCACCGTGGATATCGGCACCCCTTCCTGACTCGAG
TCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCA
GCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTC
CCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGT
CATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAA
GACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAA
GAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAG
CGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTA
GCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTITCTCGCCACGTTCGCCGGCTTTCCC
CGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCA
CCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCC
TGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACT
CTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATA
AGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAAT
TTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAG
GCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAG
GTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTC
AATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCC
GCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTITTTTTATTTATGCAGA
GGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTIT
GGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATC
TGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCAC
GCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAAC
AGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCC
GGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAG
GCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCG
ACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGC
AGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGAT
GCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGC
GAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAG
GATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGG
CTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCT
GCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGC
CGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGC
TGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCC
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GCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGC
GGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGA
GATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCG
GGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCC
CACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACA
AATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTC
ATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAA
TCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAAC
ATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAAC
TCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGC
CAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGC
GCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGA
GCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAA
AAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACA
AAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACC
AGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTT
ACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTC
ACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCAGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAG
TCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGA
TTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAA
CTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTA
CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAG
CGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA
GATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTA
AGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTA
AAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCAT
AGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTG
GCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCA
GCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTA
TCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCC
AGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCT
CGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACA
TGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGT
CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATT
CTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACC
AAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAAT
ACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAA
CGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGAT
GTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTT
CTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCG
ACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATC
AGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAA
TAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC

SEQ ID NO: 27 | GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCT
pcDNA2 TADA | GATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
(Adalimumab), GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGC
nt ATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAG
ATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCA
TTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCG
CCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGT
AAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
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GACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGAT
GCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTC
CAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACG
GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGG
CGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCA
CTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTAAG
CTTGCCGCCACCATGAGGGTCCCCGCTCAGCTCCTGGGGCTCCTGCTGCTCTGGC
TCCCAGGTGCACGATGTGATATCCAAATGACTCAAAGTCCAAGTAGTCTGTCCGCA
AGCGTCGGCGATCGCGTGACCATCACATGTAGAGCTTCTCAAGGCATCCGGAACT
ACCTGGCTTGGTACCAGCAGAAGCCTGGCAAGGCCCCCAAGCTGCTGATCTATGC
CGCTTCTACCCTCCAGTCCGGCGTGCCTAGCAGATTTTCCGGCTCCGGATCTGGAA
CAGACTTCACCCTGACCATCTCCTCTCTGCAGCCTGAGGACGTGGCCACCTACTAC
TGCCAGCGGTACAACAGAGCCCCATACACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAACGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCA
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAG
AGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGA
GAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCT
GACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCAC
CCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTG
AGGATCCACTAGTCCAGTGTGGTGGAATTCAGATCCGTTAACGGTTACCAACTACC
TAGACTGGATTCGTGACAACATGCGGCCGTGATATCTACGTATGATCAGCCTCGAC
TGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGAC
CCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC
ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAA
GGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATG
GAACCAGCTGGGGCTCGACAGCTATGCCAAGTACGCCCCCTATTGACGTCAATGA
CGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTA
CTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGC
AGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTG
GGAGGTCTATATAAGCAGAGCTGGGTACGTCCTCACATTCAGTGATCAGCACTGAA
CACAGACCCGCGGCCGCTCGAGGCCGCCACCATGGGTTGGAGCCTCATCTTGCTC
TTCCTTGTCGCTGTTGCTACGCGTGTCGAAGTGCAACTAGTGGAAAGTGGTGGTG
GTCTCGTGCAGCCCGGAAGGTCTCTGCGGCTGTCCTGTGCTGCTTCCGGCTTCAC
CTTCGACGATTATGCCATGCACTGGGTCCGGCAAGCTCCTGGCAAGGGCCTGGAG
TGGGTCTCTGCCATCACCTGGAATTCTGGCCACATCGACTACGCCGACTCCGTGGA
AGGCAGATTTACCATCTCCAGAGACAACGCCAAGAACAGCCTGTACCTGCAGATG
AACTCCCTGAGAGCCGAGGATACAGCCGTGTACTACTGCGCCAAAGTGTCCTACC
TGTCTACCGCTTCTAGCCTGGACTACTGGGGCCAGGGCACCCTGGTGACCGTGTC
CAGCGCTAGCACCAAGGGCCCATCGGTCTITCCCCCTGGCACCCTCCTCCAAGAGC
ACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAAC
CGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCC
CGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCC
CTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGC
AACACCAAGGTGGACAAGAAAGTAGAGCCCAAATCTTGTGACAAAACTCACACA
TGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTC
CCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCG
TGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGG
ACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACA
GCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGG
CAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAA
AACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCC
CCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAA
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GGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG
AACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCT
ACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCAT
GCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCT
GTCTCCGGGTAAATGAGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTT
GCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCC
ACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAG
GTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTG
GGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCG
GAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCAT
TAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGC
CCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTT
TCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTAC
GGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATC
GCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTG
GACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATT
TATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAA
AAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCC
CCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAA
CCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGC
ATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTA
ACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTAT
GCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCT
TTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCATTTTC
GGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGAT
TGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGC
ACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGG
CGCCCGGTTCTTTITTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGG
ACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGT
GCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCC
GGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGG
CTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCAC
CAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCG
ATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTITCGC
CAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGAT
GCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTG
TGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGAT
ATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTAT
CGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCT
GAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATC
ACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTT
TCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTT
CGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCAT
CACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAA
ACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGC
GTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACA
CAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGC
TAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTC
GTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATT
GGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCG
GCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGG
GATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCG
TAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATC
ACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGAT
ACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCC
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GCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATA
GCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGT
GTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCT
TGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAAC
AGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCA
GTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG
GTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCA
AGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCA
CGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTA
AATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGAC
AGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCA
TCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACC
ATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGAT
TTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCA
ACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGT
TCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTC
ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAG
TTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC
GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCA
TAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTC
AACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCG
TCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGG
AAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGT
TCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAG
CGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAG
GGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCAT
TTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAA
ACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC
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What is claimed is:

L. A cell for expressing a sialylated glycoprotein wherein the cell constitutively and/or controllably
expresses an exogenous sialyltransferase catalytic peptide and an exogenous galactosyltransferase
catalytic peptide, wherein the exogenous sialyltransferase catalytic peptide and the exogenous

galactosyltransferase catalytic peptide are translated in close proximity.

2. The cell of claim 1, wherein the exogenous sialyltransferase catalvtic peptide and the exogenous

galactosyltransferase catalytic peptide are expressed in a single transcript.

3. The cell of claim 1, comprising a first nucleic acid configured to express the exogenous
sialyltransferase catalvtic peptide and a second nucleic acid configured to express the exogenous
galactosyltransferase catalytic peptide, wherein the first nucleic and the second nucleic acid are

transcriptionally controlled by the same promoter.

4, The cell of claim 3, wherein the first nucleic acid and the second nucleic acid are connected to
each other via a connecting nucleic acid, which is configured to encode a ribosomal shifting

peptide.

5. The cell of claim 3, wherein the exogenous sialyltransferase catalytic peptide and the exogenous

galactosyltransferase catalytic peptide are co-configured to be expressed as a fusion protein.

6. The cell of claim 5, wherein the fusion protein comprises a first portion having the
sialvltransferase catalyvtic peptide domain and a second portion having the galactosvltransferase
catalytic peptide domain, wherein the first portion and the second portion are connected to each
other via a cleavable linker, further wherein the cleavable linker 1s configured to be cleavable
post-translation of the fusion protcin, thereby upon clcavage releasing the sialyltransfcrase

catalytic peptide and the galactosyltransferase catalytic peptide as separate proteins.

7. The cell of claim 3, wherein the first nucleic acid is derived from an ST6Gall gene or a PspST
gene.

8. The cell of claim 3, wherein the second nucleic acid is derived from an B4GALT1 gene.

9. The cell of claim 3, whercin the promotcer is a constitutive promoter or an activablc promotcr.
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10.

L1

12.

14.

15.

L6.

17.

18.

19.

20.
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The cell of claim 1, wherein the sialyltransferase is a beta-galactoside alpha-2,6-sialyltransferase

L.

The cell of claim 1, wherein the galactosyltransferase catalytic peptide is a beta-1,4-

galactosyltransferase 1.
The cell of claim 1, wherein the cell is deficient in fucosyltransferase activity.
A method for glycoengineering a recombinant glycoprotein comprising;:

delivering an expression vector into a cell according to any one of claims | to 12, wherein the
expression vector comprises a payload nucleic acid configured to encode the recombinant

glycoprotein; and

expressing the payload nucleic acid in the cell, thereby obtaining a plurality of recombinant
glycoproteins, where at least one recombinant glycoprotein of the plurality is conjugated

with a sialylated glycan.

The method of claim 13, wherein the sialvlated glycan 1s an 02-6 sialvl complex type (SCT)

glycan.
The method of claim 13, wherein the sialylated glycan lacks a core-fucose.

The method of claim 13, wherein at least 50% of the plurality of the recombinant glycoproteins is

conjugated with the sialylated glycan.

The method of claim 13, further comprising harvesting the plurality of recombinant glycoproteins

within 200 hours from the expression of the payload nucleic acid in the cell.

The method of claim 13, wherein the recombinant glycoprotein is an antibody or an antigen-

binding fragment thereof.

The method of claim 18, wherein the glycan is on an N46, N402, and/or N297 site of the
antibody.

The method of claim 18, wherein the antibody is Adalimumab (Humira®), Adalimumab-atto
(Amjevita®), Rituximab (Rituxan®), Rituximab -atto (Truxima®), Cetuximab (Erbitux®),

Bevacizumab (Avastin®), Infliximab (Remicade®), Trastuzumab (Herceptin®), Pembrolizumab
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22

23.

24,

26.

27.
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(Keytruda®), Etanercept (Enbrel®), Ipilimumab (Yervoy®), Ofatumumab (Arzerra), Golimumab
(Simponi®), Atezolizumab (Tecentriq®™), Ocrelizumab (OCREVUS®), Durvalumab
(Durvalumab®), Avelumab (Bavencio®), Nivolumab (Opdivo®), Pertuzumab (Perjeta®),
Obinutuzumab (Gazyva®), Gazyvaro Infliximab (Remicade®), or Trastuzumab emtansine

(Kadcyla®).

A plurality of enriched recombinant glycoproteins, wherein at least 50% of the plurality of

recombinant glycoproteins is configured with a sialylated glycan.

The plurality of enriched recombinant glvcoproteins of claim 21, wherein at least 70% of the

plurality of enriched recombinant glycoproteins is configured with the sialylated glycan.

The plurality of enriched recombinant glycoproteins of claim 21, wherein the plurality of the
cnriched recombinant glycoproteins is conjugated with the sialylated glycan at homogencity of

40% to 99%

The plurality of enriched recombinant glycoproteins of claim 21, wherein the sialylated glycan is

an 02-6 sialyl complex type (SCT) glycan.

The plurality of enriched recombinant glycoproteins of claim 21, wherein the recombinant

glycoprotein is an antibody or an antigen-binding fragment thereof.

The plurality of enriched recombinant glycoproteins of claim 25, wherein the glycan is on an
N46, N402, and/or N297 site of the antibody.

The plurality of enriched recombinant glycoproteins of claim 21, being obtained by using the

method for glvcoengineering a recombinant glvcoprotein of claim 13.
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A. CLASSIFICATION OF SUBJECT MATTER

IPC: C12N 9/10 (2024.01); C1ZP 21/00 (2024.01); CO7K 19/00 (2024.01); C12N 15/52 (2024.01); C12N 5/10 (2024.01);
CO7K 16/24 (2024.01); CI2N 15/62 (2024.01); CI2N 15/63 (2024.01); CI2N 1/15 (2024.01); CI2N 1/19 (2024.01);

CI2N 1/21 (2024.01)

CPC: CI2N 9/1051; C12N 15/52; C12N 5/10; C12P 21/005; CO7K 2319/00; CO7K 2319/03; CO7K 2319/30; CI12N 9/1081;
C12Y 204/01038; C12Y 204/99001; CO7K 16/241

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

See Search History Document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2022/229854 A1 (NOVARTIS AG) 03 November 2022 (03.11.2022)
X entire document 1-4,7-11

Y entire document 5,6,12

US 2006/0073542 A1 (BAYER et al.) 06 April 2006 (06.04.2006)
Y entire document 5,6

US 2021/0207106 A1 (THE GENERAL HOSPITAL CORPORATION) 08 July 2021
(08.07.2021)
A entire document 1-12

YANG et al. "Glycoproteomic Characterization of FUT8 Knock-Out CHO Cells Reveals
Roles of FUTS8 in the Glycosylation," Frontiers in Chemistry, 28 October 2021 (28.10.2021),
Vol. 9, No. 755238, Pgs. 1-9. entire document

DFurther documents are listed in the continuation of Box C. D See patent family annex.

*  Special categories of cited documents: “T~ later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“E> earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

«L” document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

“p” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
29 August 2024 (29.08.2024) 24 October 2024 (24.10.2024)
Name and mailing address of the [SA/US Authorized officer

COMMISSIONER FOR PATENTS
MAIL STOP PCT, ATTN: ISA/US

P.O. Box 1450 TAINA MATOS
Alexandria, VA 22313-1450 UNITED STATES OF
AMERICA

Facsimile No. 571-273-8300 Telephone No. 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2022)
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.
b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13zer.1(a)),

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the international
application as filed.

2. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence
listing.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 27

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to
form a single general inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the
appropriate additional examination fees need to be paid.

Group I: claims 1-12 are drawn to cells expressing sialylated glycoproteins.
Group II: claims 13-20 are drawn to methods for glycoengineering recombinant glycoproteins.
Group III: claims 21-26 are drawn to recombinant glycoproteins.

The inventions listed in Groups I-III do not relate to a single general inventive concept under PCT Rule 13.1,
because under PCT Rule 13.2 they lack the same or corresponding special technical features for the following
reasons:

The special technical features of Group I, a cell for expressing a sialylated glycoprotein wherein the cell
constitutively and/or controllably expresses an exogenous sialyltransferase catalytic peptide and an exogenous
galactosyltransferase, are not present in Groups II or III; the special technical features of Group II, method
for glycoengineering a recombinant glycoprotein, are not present in Groups I and III; and the special technical
features of Group III, enriched recombinant glycoproteins, are not present in Groups I or II.

Additionally, even if Groups I-III were considered to share the technical features of a cell for expressing

a sialylated glycoprotein wherein the cell constitutively and/or controllably expresses an exogenous
sialyltransferase catalytic peptide and an exogenous galactosyltransferase catalytic peptide, wherein the
exogenous sialyltransferase catalytic peptide and the exogenous galactosyltransferase catalytic peptide are
translated in close proximity. However, these shared technical features do not represent a contribution over the
prior art.

Specifically, US 2021/0207106 Al to The General Hospital Corporation discloses a cell for expressing a
sialylated glycoprotein (a cell having the vector as described herein, and the vector optionally expresses the
fusion polypeptide as described herein, Para. [0015]; wherein the catalytic domain of sialyltransferase catalyzes
sialylation of a glycoprotein; and a second fusion polypeptide having an antibody heavy chain CH2 region,

an antibody heavy chain CH3 region, and a catalytic domain of galactosyltransferase, wherein the catalytic
domain of galactosyltransferase catalyzes galactosylation of a glycoprotein, Para. [0016]) wherein the cell
constitutively and/or controllably expresses an exogenous sialyltransferase catalytic peptide and an exogenous

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

galactosyltransferase catalytic peptide (this disclosure provides a fusion protein or a peptide comprising or
consisting of the enzymatic luminal domain of sialyltransferase or the catalytic domain of sialyltransferase,
Para. [0103]; a fusion protein or a peptide comprising or consisting of the enzymatic luminal domain of
galactosyltransferase or the catalytic domain of galactosyltransferase, Para. [0104]), wherein the exogenous
sialyltransferase catalytic peptide and the exogenous galactosyltransferase catalytic peptide are translated in
close proximity (a cell having the vector as described herein, and the vector optionally expresses the fusion
polypeptide as described herein, Para. [0015]; a first fusion polypeptide having ...a catalytic domain of
sialyltransferase ...a second fusion polypeptide having ...a catalytic domain of galactosyltransferase, Para.
[0016]).

The inventions listed in Groups I-III therefore lack unity under Rule 13 because they do not share a same or
corresponding special technical features.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.: 1-12

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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From the INTERNATIONAL BUREAU

PCT To:

NOTIFICATION RELATING TO PRIORITY CLAIM WADE, Lin
Prosyla Group PC
(PCT Rules 26bis.1 and 26bis.2 and 530 Technology Dr., Suite 100

Irvine, CA 92618

Administrative Instructions, Sections 402(c) and 409) ! B
ETATS-UNIS D'AMERIQUE

Date of mailing (day/month/vear)
06 September 2024 (06.09.2024)

Applicant's or agent's file reference
A1000-01700PCT IMPORTANT NOTIFICATION

International application No. International filing date (day/month/vear)
PCT/US2024/034588 19 June 2024 (19.06.2024)

Applicant
ROCK BIOMEDICAL INC. et al

The applicant is hereby notified of the following in respect of the priority claim identified as item () in Box No. VI of the Request Form (PCT/
RO/101).

1. |:| Correction of priority claim. In accordance with the applicant's notice received on the following priority claim has been corrected to
read as follows:
D even though the indication of the number of the earlier application is missing.
[ even though the following indication in the priority claim is not the same as the corresponding indication appearing in the priority
document:

|:| even though the international application has an international filing date which is later than the date on which the priority period
expired, but is within two months from that date.

2. D8 Addition of priority claim. In accordance with the applicant's notice received on 30 August 2024 (30.08.2024) the following

priority claim has been added:
us 08 September 2023 (08.09.2023) 63/581,389

[] even though the indication of the number of the earlier application is missing.

[J even though the following indication in the priority claim is not the same as the corresponding indication appearing in the priority
document:

[ even though the international application has an international filing date which is later than the date on which the priority period
expired, but is within two months from that date.

3. D The priority claim is considered void (Rule 26bis.2(b)) because:

[ at the expiration of the preseribed time limit under Rule 26bis.1(a), the International Bureau had not received a notice from the
applicant correcting the priority claim so as to comply with the requirements of Rule 4.10, as notified in the invitation (Form PCT/
RO/110 or PCT/IB/316).

|:| the applicant’s notice was received after the expiration of the prescribed time limit under Rule 26bis.1(a); and consequently, the
priority claim could not be corrected so as to comply with the requirements of Rule 4.10.

[ the applicant's notice failed to correct the priority claim so as to comply with the requirements of Rule 4. 10.

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes ; ;
1211 Geneva 20, Switzerland Abdulaziz Ismail

e-mail pct.team4@wipo.int
Telephone No. +41 22 338 74 04

Form PCT/IB/318 (revised January 2020) 1/QYY3N29FT7HRHO




International application No.

FORM PCT/IB/318 PCT/US2024/034588

The applicant may, before the technical preparations for international publication have been completed, submit information concerning
the priority claim, which the International Bureau will publish together with the international application (Rule 26bis.2(d)).

4. [ As aresult of the correction and/or addition of priority claim(s) under items 1 and/or 2, or of the priority claim(s) under item 3 being
considered void, the (earliest) priority date is:

5. D The priority claim cannot be corrected/added since the applicant's notice was received on that is, after the expiration of the prescribed
time limit under Rule 26bis.1(a). However, where the applicant's notice concerns a correction, in accordance with Rule 26bis.2(c)(i) to
(iii), the priority claim(s) indicated in Box VI of the request will not be considered void .

The applicant may, prior to the expiration of 30 months from the priority date and subject to the payment of a fee, request the International
Bureau to publish information concerning the matter. See Rule 26bis.2(e) and the PCT Applicant's Guide, Annex B2(IB).

6. D In the case where multiple priorities have been claimed, the above item(s) relate(s) to the following priority claim(s):

A copy of this Notification has been sent to the receiving Office and

g to the International Searching Authority (where the international search report and the written opinion of the International Searching
Authority have not yet been issued).

[ to the Authority(ies) specified for supplementary search (where a request for supplementary search has been submitted and the
supplementary international search report has not yet been issued).

[ to the International Preliminary Examining Authority (where a demand for international preliminary examination has been made and
the IPRP (Chapter II) has not yet been issued).

[ to the designated Offices (in accordance with Rule 93bis).

Form PCT/IB/318 (second sheet) (revised January 2020) 2/QYY3N29FT7HRHO
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From the INTERNATIONAL BUREAU

PCT To:

SECOND AND SUPPLEMENTARY NOTICE WADE, Lin
O T RO Or ooy Group
APPLICATION (TO DESIGNATED OFFICES 530 Technology Dr., Suite 100
WHICH APPLY THE 30 MONTH TIME Irvine, CA 92618
LIMIT UNDER ARTICLE 22(1)) ETATS-UNIS D'AMERIQUE

(PCT Rule 47.1(c))

Date of mailing (day/month/yvear)
08 January 2026 (08.01.2026)

Applicant's or agent's file reference

A1000-01700PCT IMPORTANT NOTICE
International application No. International filing date (day/month/vear) Priority date (day/month/year)
PCT/US2024/034588 19 June 2024 (19.06.2024) 08 September 2023 (08.09.2023)
Applicant

ROCK BIOMEDICAL INC. et al

1. ATTENTION: For any designated Office(s), for which the time limit under Article 22(1), as in force from 1 April 2002 (30 months from
the priority date), does not apply, please see Form PCT/IB/308(First Notice) issued previously.

2. Notice is hereby given that the following designated Office(s), for which the time limit under Article 22(1), as in force from 1 April 2002,
does apply, has/have requested that the communication of the international application, as provided for in Article 20, be effected under
Rule 934is.1. The International Bureau has effected that communication on the date indicated below:

13 March 2025 (13.03.2025)

EP

In accordance with Rule 47.1(c-bis)(i), those Offices will accept the present notice as conclusive evidence that the communication of
the international application has duly taken place on the date of mailing indicated above and no copy of the international application is
required to be furnished by the applicant to the designated Office(s).

3. The following designated Offices, for which the time limit under Article 22(1), as in force from 1 April 2002, does apply, have not

requested, as at the time of mailing of the present notice, that the communication of the international application be effected under Rule
93bis.1 .

AE, AG, AL, AM, AQ, AP, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE,
DJ, DK, DM, DO, DZ, EA, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, 1Q, IR, IS, IT, JM, JO,
JP, KE, KG, KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LY, MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OA, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, 8A, 8C, SD, SE, SG, SK, SL, ST, SV, 8Y, TH, TJ,
TM, TN, TR, TT, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW

In accordance with Rule 47.1(c-bis)(ii), those Offices accept the present notice as conclusive evidence that the Contracting State for which
that Office acts as a designated Office does not require the furnishing, under Article 22, by the applicant of a copy of the international
application.

4. TIME LIMITS for entry into the national phase

For the designated or elected Office(s) listed above, the applicable time limit for entering the national phase will, subject to what is said
in the following paragraph, be 30 MONTHS from the priority date.

In practice, time limits other than the 30-month time limit will continue to apply, for various periods of time, in respect of certain of the
designated or elected Office(s) listed above. For regular updates on the applicable time limits (30 or 31 months, or other time limit),
Office by Office, refer to the PCT Gazette, the PCT Newsletter and the PCT Applicant' s Guide, National Chapters, all available from
WIPQO’s Internet site, at http://www.wipo.int/pct/en/guide/index. html.

It is the applicant's sole responsibility to monitor all these time limits.

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes ;
1211 Geneva 20, Switzerland Fiona DOherty

e-mail pct.teamd@wipo.int
Telephone No. +41 22 338 74 04

Form PCT/IB/308(Second and Supplementary Notice) (revised January
2020)




PATENT COOPERATION TREATY WO 2025/053889
PCT/US2024/034588

From the INTERNATIONAL BUREAU

PCT To:

FIRST NOTICE INFORMING THE APPLICANT OF WADE, Lin
THE COMMUNICATION OF THE INTERNATIONAL Prosyla Group PC
APPLICATION (TO DESIGNATED OFFICES WHICH :
DO NOT APPLY THE 30 MONTH TIME LIMIT 530 Technology Dr., Suite 100
UNDER ARTICLE 22(1)) Irvine, CA 92618
ETATS-UNIS D'AMERIQUE

(PCT Rule 47.1(c))

Date of mailing (day/month/yvear)
10 April 2025 (10.04.2025)

Applicant's or agent's file reference

A1000-01700PCT IMPORTANT NOTICE
International application No. International filing date (day/month/vear) Priority date (day/month/year)
PCT/US2024/034588 19 June 2024 (19.06.2024) 08 September 2023 (08.09.2023)
Applicant

ROCK BIOMEDICAL INC. et al

1. ATTENTION: For any designated Office(s), for which the time limit under Article 22(1), as in force from 1 April 2002 (30 months from
the priority date), does apply, please see Form PCT/IB/308(Second and Supplementary Notice) (to be issued promptly after the expiration
of 28 months from the priority date).

2. Notice is hereby given that the following designated Office(s), for which the time limit under Article 22(1), as in force from 1 April 2002,
does not apply, has/have requested that the communication of the international application, as provided for in Article 20, be effected
under Rule 93bis.1. The International Bureau has effected that communication on the date indicated below:

13 March 2025 (13.03.2025)

None

In accordance with Rule 47.1(c-bis)(i), those Offices will accept the present notice as conclusive evidence that the communication of
the international application has duly taken place on the date of mailing indicated above and no copy of the international application is
required to be furnished by the applicant to the designated Office(s).

3. The following designated Offices, for which the time limit under Article 22(1), as in force from 1 April 2002, does not apply, have not
requested, as at the time of mailing of the present notice, that the communication of the international application be effected under Rule
93bis.1:

LU, TZ

In accordance with Rule 47.1(c-bis)(ii), those Offices accept the present notice as conclusive evidence that the Contracting State for which
that Office acts as a designated Office does not require the furnishing, under Article 22, by the applicant of a copy of the international
application.

4. TIME LIMITS for entry into the national phase

For the designated Office(s) listed above, and unless a demand for international preliminary examination has been filed before the
expiration of 19 months from the priority date (see Article 39(1)), the applicable time limit for entering the national phase will, subject to
what is said in the following paragraph, be 20 MONTHS from the priority date.

In practice, time limits other than the 20-month time limit will continue to apply, for various periods of time, in respect of certain of
the designated Offices listed above. For regular updates on the applicable time limits (20 or 21 months, or other time limit), Office
by Office, refer to the PCT Gazette, the PCT Newsletter and the PCT Applicant s Guide, National Chapters, all available from WIPO’s
Internet site, at http://www.wipo.int/pct/en/guide/index.html.

It is the applicant's sole responsibility to monitor all these time limits.

The International Bureau of WIPO Authorized officer
34, chemin des Colombettes

1211 Geneva 20, Switzerland Fiona DOherty

e-mail pct.teamd@wipo.int
Telephone No. +41 22 338 74 04

Form PCT/IB/308(First Notice) (revised January 2020)



PATENT COOPERATION TREATY PCT/US2024/034588

PCT

NOTIFICATION OF THE RECORDING
OF A CHANGE

(PCT Rule 92bis.1 and
Administrative Instructions, Section 422)

From the INTERNATIONAL BUREAU

To:

WADE, Lin

Prosyla Group PC

530 Technology Dr., Suite 100
Irvine, CA 92618
ETATS-UNIS D'AMERIQUE

Date of mailing (day/month/yvear)
12 February 2026 (12.02.2026)

Applicant's or agent's file reference

A1000-01700PCT

IMPORTANT NOTIFICATION

International application No.

International filing date (day/month/year)

PCT/US2024/034588 19 June 2024 (19.06.2024)
1. The following indications appeared on record concerning:
B the applicant [ the inventor [ the agent [J the common representative
Name and Address State of Nationality State of Residence

ROCK BIOMEDICAL INC.

Rm. 301, Bldg. A No. 99, Ln. 130,
Sec. 1, Academia Rd.,

Nangang Dist., Taipei City, 115202
TAIWAN PROVINCE OF CHINA

Telephone No.

Facsimile No.

E-mail address

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:
] the person Bg the name ] the address [ the nationality [ the residence

Name and Address
ROCK BIOMEDICAL, INC.

Rm. 301, Bldg. A No. 99, Ln. 130,
Sec. 1, Academia Rd.,

Nangang Dist., Taipei City, 115202
TAIWAN PROVINCE OF CHINA

State of Nationality State of Residence

Telephone No.

Facsimile No.

E-mail address

[[] Notifications by e-mail authorized

3. Further observations, if necessary:

4. A copy of this notification has been sent to:
Dg the receiving Office
[] the International Searching Authority
D the Authority(ies) specified for supplementary search

[ the International Preliminary Examining Authority
B the designated Offices concerned
[ the elected Offices concerned

D other:

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Authorized officer
Deblue Natalia

e-mail pct.team4@wipo.int
Telephone No. +41 22 338 74 04

Form PCT/IB/306 (revised January 2020)

1/RHH44JT9EWMQ90



PATENT COOPERATION TREATY PCT/US2024/034588

From the INTERNATIONAL BUREAU

PCT To:

NOTIFICATION CONCERNING SUBMISSION, WADE, Lin
OBTENTION OR TRANSMITTAL
OF PRIORITY DOCUMENT Prosyla Group PC

o ) ) 530 Technology Dr., Suite 100
(PCT Administrative Instructions, Section 411) Irvine. CA 92618

ETATS-UNIS D'AMERIQUE

Date of mailing (day/month/yvear)
09 September 2024 (09.09.2024)
Applicant's or agent's file reference
A1000-01700PCT IMPORTANT NOTIFICATION
International application No. International filing date (day/month/vear)
PCT/US2024/034588 19 June 2024 (19.06.2024)
International publication date (day/month/year) Priority date (day/month/vear)
Not yet published 08 September 2023 (08.09.2023)

Applicant
ROCK BIOMEDICAL INC. et al

The applicant is hereby notified of the date of receipt (or of obtaining by the International Bureau) of the priority document(s) relating to all earlier
application(s) whose priority is claimed. Unless otherwise indicated by the letters "NR", in the right-hand column or by an asterisk appearing
next to the date of receipt, the priority document concerned was submitted or transmitted to or obtained by the International Bureau
in compliance with Rule 17.1(a), (b) or (b-bis). This Form replaces any previously issued notification concerning submission, transmittal or
obtaining of priority documents.

Priority date Priority application No. Country or regional Office Date of receipt
or PCT receiving Office of priority document
26 April 2024 (26.04.2024) 63/639,286 us 13 July 2024 (13.07.2024)
08 September 2023 (08.09.2023) 63/581,389 us 30 August 2024 (30.08.2024)

The letters "NR" denote a priority document which, on the date of mailing of this Form, had not yet been received or obtained by the International
Bureau in compliance with Rule 17.1(a), (b) or (b-bis). Where the applicant has failed to either submit, request to prepare and transmit, or to
request the International Bureau to obtain the priority document within the applicable time limit under that Rule, the attention of the applicant
is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim concerned before giving the applicant an
opportunity, upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

An asterisk "*" next to a date of receipt, denotes a priority document submitted or transmitted to or obtained by the International Bureau but not
in compliance with Rule 17.1(a), (b) or (b-bis) (the priority document was received after the time limit prescribed in Rule 17.1(a); the request
to prepare and transmit the priority document was submitted to the receiving Office after the applicable time limit under Rule 17.1(b) or the
request to the International Bureau to obtain the priority document was made after the applicable time limit under Rule 17.1(b-bis)). Even though
the priority document was not furnished in compliance with Rule 17.1(a), (b) or (b-bis), the International Bureau will nevertheless transmit a
copy of the document to the designated Offices, for their consideration. In case such a copy is not accepted by the designated Office as the
priority document, Rule 17.1(c) provides that no designated Office may disregard the priority claim concerned before giving the applicant an
opportunity, upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes ;
1211 Geneva 20, Switzerland Fiona DOherty

e-mail pct.teamd@wipo.int
Telephone No. +41 22 338 74 04

Form PCT/IB/304 (revised January 2020)

1/NJAQXZTNKAL5XO0



For

PCT

receiving Office USE 0Ny  ———

International Application No.

REQUEST

International Filing Date

The undersigned requests that the present
international application be processed
according to the Patent Cooperation Treaty.

Name of receiving Office and “PCT International Application”

Applicant’s or agent’s file

reference (if desired) (25 characters maximum)

A1000-01700PCT

Box No. I TITLE OF INVENTION

CELLS FOR GLYCOENGINEERING AND METHODS OF USE

Box No. I1 APPLICANT

I:l This person is also inventor

Name and address: (Family namefollowed by given name; for alegal entity, full official designation.
The address must include postal code and name of country. The country of the address indicated in this
Boxisthe applicant s State (thatis, country) of residence if no State of residence is indicated below.)

E-mail address*

ROCK BIOMEDICAL INC.
Rm. 301, Bldg. A No. 99, Ln. 130, Sec. 1, Academia Rd.,

Telephone No.

Nangang Dist., Taipei City 115202
TAIWAN (R.O.C.)

Facsimile No.

Applicant’s registration No. with the Office

marked:
I:l notifications are requested to be sent exclusively by postal mail.

* E-mail authorization: Indicating an e-mail address above authorizes the receiving Office,
International Bureau, if they provide such a service, to send notifications exclusively by e-mail to that address, unless the following box is

the International Searching Authority and the

State (that is, country) of nationality:

T™W

State (that is, country)

T™W

of residence:

This person is applicant

for the purposes of: x all designated States

I:l the States indicated in the Supplemental Box

Box No.III FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

g Further applicants and/or (further) inventors are indicated on a continuation sheet.

Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The person identified below is hereby/has been appointed to act on behalf
of the applicant(s) before the competent International Authorities as:

g agent

common
representative

[]

Name and address: (Family namefollowed by given name; for alegal entity, full official designation.
The address must include postal code and name of country.)

E-mail address*

ipdocketing@prosylagroup.com

Wade Lin
PROSYLA GROUP PC

Telephone No.
949-352-4590

530 Technology Dr., Suite 100
Irvine, California 92618
UNITED STATES

Facsimile No.

949-506-3690

Agent’sregistration No. with the Office
L1383

* E-mail authorization: Indicating an e-mail address above authorizes the receiving Office,

marked:
I:l notifications are requested to be sent exclusively by postal mail.

the International Searching Authority and the

International Bureau, if they provide such a service, to send notifications exclusively by e-mail to that address, unless the following box is

[]

Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the space
above is used instead to indicate a special address to which correspondence should be sent.

Form PCT/RO/101 (first sheet) (July 2022)

See Notes to the request form




SheetNo. ...2...

Box No.III FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

If none of the following sub-boxes is used, this sheet should not be included in the request.

Name and address: (Family name followed by given name; for alegal entity, full official designation.
The address must include postal code and name of country. The country of the address indicated in this
Boxistheapplicant s State (thatis, country) of residence ifno State of residence is indicated below.)

WONG, Chi-Huey

P.O. Box 8154

Rancho Santa Fe, California 92067
UNITED STATES

This person is:

I:l applicant only

|:| applicant and inventor

X

inventor only (If this check-box
is marked, do not fill in below.)

Applicant’s registration No. with the Office

State (that is, country) of nationality:

us us

State (that is, country) of residence:

This person is applicant

for the purposes of: I:l all designated States

I:l the States indicated in the Supplemental Box

Name and address: (Family name followed by given name; foralegal entity, full official designation.
The address must include postal code and name of country. The country of the address indicated in this
Boxisthe applicant s State (thatis, country) of residence if no State of residence is indicated below.)

WANG, Szu-Wen

Rm. 301, Bldg. A, No. 99, Ln. 130, Sec. 1, Academia Rd.,
Nangang Dist., Taipei City 115202

TAIWAN (R.O.C.)

This person is:

I:l applicant only

|:| applicant and inventor

X

inventor only (If this check-box
is marked, do not fill in below.)

Applicant’sregistration No. with the Office

State (that is, country) of nationality:

State (that is, country) of residence:

T™W T™W
”ffol‘;l?h%e;i?g (;: eéispgt[:lcant I:l all designated States I:l the States indicated in the Supplemental Box

Name and address: (Family namefollowed by given name; for alegal entity, full official designation.
The address must include postal code and name of country. The country of the address indicated in this
Boxisthe applicant s State (thatis, country) of residence if no State of residence is indicated below.)

LEE, Jeng Shin

9 Bedford Lane

Lincoln, Massachusetts 01773
UNITED STATES

This person is:

I:l applicant only

x applicant and inventor

[]

inventor only (If this check-box
is marked, do not fill in below.)

Applicant’s registration No. with the Office

State (that is, country) of nationality:

State (that is, country) of residence:

usS usS
;{)Elfh%e;;?,g S: easpg%zlcant I:l all designated States |Z the States indicated in the Supplemental Box

Name and address: (Family name followed by given name; for alegal entity, full official designation.
The address must include postal code and name of country. The country of the address indicated in this
Boxisthe applicant s State (thatis, country) of residence if no State of residence is indicated below.)

This person is:

I:l applicant only

|:| applicant and inventor
I:l inventor on dy (If this check-box

1
is marked, do not fill in below.)
Applicant’sregistration No. with the Office

State (that is, country) of nationality:

State (that is, country) of residence:

This person is applicant

for the purposes of:

I:l all designated States

I:l the States indicated in the Supplemental Box

I:l Further applicants and/or (further) inventors are indicated on another continuation sheet.

Form PCT/RO/101 (continuation sheet) (July 2022)

See Notes to the request form




®

(i)

(iii)

(v)

)

which a special continuation box is provided, the space is
insufficient to furnish all the information: in such case,
write “Continuation of Box No....” (indicate the number of
the Box) and furnish the information in the same manner as
required according to the captions of the Box in which the
space was insufficient, in particular:

if more than one person is to be indicated as applicant and/
orinventor and no “continuation sheet” is available: in such
case, write “Continuation of Box No. Il and indicate for each
additional person the same type of information as required
in Box No. Ill. The country of the address indicated in this
Box is the applicant’s State (that is, country) of residence if
no State of residence is indicated below;

if, in Box No. Il or in any of the sub-boxes of Box No. I,
the indication “the States indicated in the Supplemental
Box” is checked: in such case, write “Continuation of Box
No. I or “Continuation of Box No. III"” or “Continuation
of Boxes No. Il and No. 11" (as the case may be), indicate
the name of the applicant(s) involved and, next to (each)
such name, the State(s) (and/or, where applicable, ARIPO,
Eurasian, European or OAPI patent) for the purposes of
which the named person is applicant;

if, in Box No. II or in any of the sub-boxes of Box No. III,
the inventor or the inventor/applicant is not inventor for
the purposes of all designated States: in such case, write
“Continuation of Box No. II"” or “Continuation of Box No.
111" or “Continuation of Boxes No. II and No. III” (as the
case may be), indicate the name of the inventor(s) and, next
to (each) such name, the State(s) (and/or, where applicable,
ARIPO, Eurasian, European or OAPI patent) for the purposes
of which the named person is inventor;

if, in addition to the agent(s) indicated in Box No. IV, there
are further agents: in such case, write “Continuation of
Box No. IV and indicate for each further agent the same
type of information as required in Box No. IV;

if, in Box No. VI, there are more than three earlier
applications whose priority is claimed: in such case, write
“Continuation of Box No. VI and indicate for each additional
earlier application the same type of information as required
in Box No. VI.

Ifthe applicant intends to make an indication of the wish that
the international application be treated, in certain designated
States, as an application for a patent of addition, certificate of
addition, inventor s certificate of addition or utility certificate
of addition: insuch case, write the name or two-letter code of
each designated State concerned and the indication “patent
of addition,” “certificate of addition,” “inventor’s certificate
of addition” or “utility certificate of addition,” the number of
the parent application or parent patent or other parent grant
and the date of grant of the parent patent or other parent grant
or the date of filing of the parent application (Rules 4.11(a)
(i) and 49bis.1(a) or (b)).

If the applicant intends to make an indication of the wish
that the international application be treated, in the United
States of America, as a continuation or continuation-in-part
of an earlier application: in such case, write “United States
of America” or “US” and the indication “continuation” or
“continuation-in-part” and the number and the filing date
of the parent application (Rules 4.11(a)(ii) and 49bis.1(d)).

Sheet No. ...92...
Supplemental Box If the Supplemental Box is not used, this sheet should not be included in the request.
1. If, in any of the Boxes, except Boxes Nos. VIII(i) to (v) for Continuation of Box Il:

Applicant LEE, Jeng Shin is applicant for purposes of
filing in the Republic of Malawi (MW) only.

Form PCT/RO/101 (supplemental sheet) (July 2022)

See Notes to the request form



SheetNo. ...4...

Box No. V DESIGNATIONS

The filing of this request constitutes under Rule 4.9(a) the designation of all Contracting States bound by the PCT on the international
filing date, for the grant of every kind of protection available and, where applicable, for the grant of both regional and national patents.

However,

I:l DE Germany is not designated for any kind of national protection

I:I JP Japan is not designated for any kind of national protection

D KR Republic of Korea is not designated for any kind of national protection

(The check-boxes above may only be used to exclude (irrevocably) the designations concerned if, at the time of filing or subsequently
under Rule 26bis. 1, the international application contains in Box No. VI a priority claim to an earlier national application filed in the
particular State concerned, in order to avoid the ceasing of the effect, under the national law, of this earlier national application.)

Box No. VI  PRIORITY CLAIM AND DOCUMENT

The priority of the following earlier application(s) is hereby claimed:

Filing date I.\Iumber. ) Where earlier application is:
of earlier application of earlier application . ST . .. . . .
(day/month/vear) national application:| regional application: [international application:
country or Member regional Office receiving Office
of WTO
item (1) 63/639,286 us
26 April 2024

26.04.2024
item (2)
item (3)

I:I Further priority claims are indicated in the Supplemental Box.

Furnishing the priority document(s):

g The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application(s)
(only if the earlier application(s) was filed with the receiving Office which, for the purposes of this international application, is
the receiving Olffice) identified above as:

IZ all items I:I item (1) I:I item (2) I:l item (3) I:I other, see Supplemental Box

I:l The International Bureau is requested to obtain from a digital library a certified copy of the earlier application(s) identified above,
using, where applicable, the access code(s) indicated below (if the earlier application(s) is available to it from a digital library):

] item (1) L item @) L item 3) L other, see

access code access code access code Supplemental Box

Restore the right of priority: the receiving Office is requested to restore the right of priority for the earlier application(s) identified
above or in the Supplemental Box as item(s) ( ). (See also the Notes to Box No. VI; further
information must be provided to support a request to restore the right of priority.)

Incorporation by reference: where an element of the international application referred to in Article 11(1)(iii)(d) or (e) or a part of
the description, claims or drawings referred to in Rule 20.5(a), or an element or part of the description, claims or drawings referred
to in Rule 20.5bis(a) is not otherwise contained in this international application but is completely contained in an earlier application
whose priority is claimed on the date on which one or more elements referred to in Article 11(1)(iii) were first received by the receiving
Office, that element or part is, subject to confirmation under Rule 20.6, incorporated by reference in this international application for
the purposes of Rule 20.6.

Box No. VII INTERNATIONAL SEARCHING AUTHORITY

Choice of International Searching Authority (ISA) (if more than one International Searching Authority is competent to carry out the
international search, indicate the Authority chosen, the two-letter code may be used):

1SA/ US

Form PCT/RO/101 (second sheet) (July 2022) See Notes to the request form



Box No.IX  CHECK LIST for electronic filing with RO/US — only to be used when filing via the USPTO electronic filing system

This international application Number
contains the following: of sheets

(a) request form PCT/RO/101
(including any declarations

and supplemental sheets) ........: 5
(b) description ...................: 71
(cyclaims .......................¢ 3
(d)abstract . .....................: 1
(e) drawings (ifany)...............: 18
Total number of sheets . ...........: 98

(f) sequence listing part of the description
X filed as a WIPO Standard ST.26 XML file

[0 WILL BE filed separately on physical data
carrier(s) as a WIPO Standard ST.26 XML
file, on the same day

Indicate type and number of physical data
CAITICT(S) « v v v ettt e et

This international application is accompanied by the Number
following item(s) (mark the applicable check-boxes below of items
and indicate in right column the number of each item):

1. ) fee calculationsheet. . ........................... : 1
2. [0 original separate power of attorney ................
3. [ original general power of attorney. .. ...............

4.0 copy of general power of attorney; reference
NUMDET: .« .ot

5. [ priority document(s) identified in Box No. VI
ASTEEM(S) © v et et

6. 0 Translation of international application into
(language): . ....... ... .. . .. i

7. [0 separate indications concerning deposited
microorganism or other biological material ..........

8. [0 copy of results of earlier search(es) (Rule 12bis.1(a)) . ..

Figure of the drawings which
should accompany the abstract:

1

Language of filing of the
international application:

English

Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious fiom reading the request).

/Wade Lin/
Wade Lin
Reg. No. L1383

1. Date of actual receipt of the purported
international application:

For receiving Office use only

2. Drawings:

3. Corrected date of actual receipt due to later but
timely received papers or drawings completing
the purported international application:

I:l received:

4. Date of timely receipt of the required
corrections under PCT Article 11(2):

I:l not received:

5. International Searching Authority
(if two or more are competent):

6. Transmittal of search copy delayed
until search fee is paid

Date of receipt of the record copy
by the International Bureau:

For International Bureau use only

Form PCT/RO/101 (last sheet — electronic filing with RO/US) (July 2022) See Notes to the request form



This sheet is not part of and does not count as a sheet of the international application.

PCT

FEE CALCULATION SHEET

For receiving Office USe 0Ny  ——

Annex to the Request International Application No.

Applicant’s or agent’s file reference

A1000-01700PCT Date stamp of the receiving Office
Applicant
ROCK BIOMEDICAL INC.

CALCULATION OF PRESCRIBED FEES

(Applicants may be entitled to a reduction of certain fees as indicated in the PCT Fee Tables
(www.wipo.int/pct/en/fees.pdf))

1. TRANSMITTAL FEE: ...\ oot | 104.00

2. SEARCH FEE: .. ...\ttt | 872.00
us

International search to be carried out by:
3. INTERNATIONAL FILING FEE

Enter total number of sheets indicated in Box No IX: 98

Fixed amount for the first 30 sheets . . . . . . . . . | 1445.00 m
68 x 1800  -| 1224.00[77]
number of sheets fee per sheet

in excess of 30

2669.00 [T]

(Applicants from certain States are entitled to a reduction of 90% of the international filing fee (see
www.wipo.int/pct/en/fees/fee_reduction.pdf). Where the applicant is (or all applicants are) so entitled, the total
to be entered at I is 10% of the international filing fee.)

4. FEE FOR PRIORITY DOCUMENT (if applicable): . ................. | IE‘
5. FEE FOR RESTORATION OF THE RIGHT OF PRIORITY (if

applicable): .. ... ... . | lﬁl
6. FEE FOR EARLIER SEARCH DOCUMENTS (if applicable): . . ... . ... | [Es]
7. TOTALFEES PAYABLE . . . . . . . . . . .. 3645.00

Add amounts entered at T, S, I, P, RP and ES,

and enter total in the TOTAL box TOTAL

MODE OF PAYMENT (Not all modes of payment may be available at all receiving Olffices)

credit card (details should authorization to charge deposit
I:I not be inclu(ded on this g or current account (see bel%w) I:I bank transfer I:I cash
sheet)
[ postal money order [ check [ revenue stamps [ other (specify):

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT OR CURRENT ACCOUNT
(This mode of payment may not be available at all receiving Offices) Receiving Office: RO/ us

Deposit or Current Account No.: 603395

X Authorization to charge the total fees indicated above.

x (This check-box may be marked only if the conditions for deposit or current Date: June 19, 2024
accounts of the receiving Office so permit) Authorization to charge any .
deficiency or credit any overpayment in the total fees indicated above. Name: Wade Lin
x Authorization to charge the fee for priority document. Signature: /Wade Lin/

Form PCT/RO/101 (Annex) (July 2022) See Notes to the fee calculation sheet
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | A1000-01700

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CELL-BASED PRODUCTION OF GLYCAN-ENRICHED ANTIBODY

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Chi-Huey WONG
Residence Information (Select One) () US Residency (O Non US Residency () Active US Military Service
City | Rancho Santa Fe State/Province | CA | Country of Residencd | US

Mailing Address of Inventor:

Address 1 P.O. Box 8154

Address 2

City Rancho Santa Fe | State/Province | CA
Postal Code | 92067 | Countryi us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[[] An Address is being provided for the correspondence Information of this application.

Customer Number 169053

Email Address ipdocketing@prosylagroup.com

Application Information:

Title of the Invention CELL-BASED PRODUCTION OF GLYCAN-ENRICHED ANTIBODY

Attorney Docket Number| A1000-01700 Small Entity Status Claimed
Application Type Provisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any)

EFS Web 2.2.13
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | A1000-01700
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CELL-BASED PRODUCTION OF GLYCAN-ENRICHED ANTIBODY

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country -
filed application

Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (® Customer Number (O US Patent Practitioner (O Limited Recognition (37 CFR 11.9)

Customer Number 169053

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

EFS Web 2.2.13
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L. Attorney Docket Number
Application Data Sheet 37 CFR 1.76

A1000-01700

Application Number

Title of Invention CELL-BASED PRODUCTION OF GLYCAN-ENRICHED ANTIBODY

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition

Applications

[] 16, 2013.

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Attorney Docket Number | A1000-01700

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CELL-BASED PRODUCTION OF GLYCAN-ENRICHED ANTIBODY

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Application Number

Title of Invention CELL-BASED PRODUCTION OF GLYCAN-ENRICHED ANTIBODY

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

@ Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here.

Organization Name | . BioMedical Inc.

Mailing Address Information For Applicant:

Address 1 Rm 301, Bldg A No. 99, Ln. 130, Sec. 1, Academia

Address 2 Nangang Dist., 115202

City Taipei City State/Province

Country | TW Postal Code 115202
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Application Number

Title of Invention CELL-BASED PRODUCTION OF GLYCAN-ENRICHED ANTIBODY

Assignee 1
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Cell-based production of Fc-GleNAc and Fe-alpha-2,6 sialyl glycan en-
riched antibody with improved effector functions through glycosylation

pathway engineering

ABSTRACT: Ghyeosylation of amibody plave o imporiant ol in Fomediated fdftiog of hamor cells and vins-infected cofls
fuough effecior fumstions sikk a8 sptibody-dependent . coliviar odiotonicity (ADOCD), aslibody dependent celbmeadiated
phagoestvsts (ADCP) snd vecvinal effect Previous studies showed thet therapentios! humanized snubodies with a2-6 sislyl
sompiet type {SCT} ghom attached 10 Fe-AmZ¥7 exhibited optimal Mading 1o the Fo receplors on affector celly associated with
ADCE, ADCP nod vecoins! effers. Howeves, the production of antibodizs with bomegeneous Fo-8CT neesds multipls @ witro
mzymstic sud purificedon steps. To this stady, we report two different gpgwosches © shorten the processss @ produce
SCT-anriched antibodiey. First, we expressed 3 baclerial endogiveasidase in GNTTRO EXPIZE cally fo mim ol Shgiwans 1o
mono-GleNAC glvewforms for i wite temsgiycosylaton © moenate homogmennss 30T antibody: Second, we angineered the
siveosvhstion pathway of HEKS colls throegh krock-out of the wndesired plyeosyitransforases and enpreusion of the desired
ghyvssylimnstorases © prodece SCY enriched antbodios with simile binding affinity 1o B receptors and ADCC anivity to

homagenons SCT antibody.

Introdustivn

Antibady plays an importan role in humoral formune re-
sponse and his divarse plasticity and bologioal fusctions, The
musntype of antibody s 2 major vompenent of B eell reveptor
{BOR) oo nafvs B cells, Whed the BORs are activatesd through
patiern recognition recepines (PRRS), the altesaative splicing of
wmRNA helps produce antiteadies as sgcreted foms of Tphd so
I, With the sasistanes of dendritio vells and T belper cells,
the sctiveted B oelly conld Bwiber undeorge slomi expension,
sornatic Dypermostation, and clesk switch and we differentiated
it phama valls 1o produce sscreted lgil, Igd, or IgE antibod-
ies with high antigen specificity. Omoe & irges vell or pathegen
i opsonized by an antibeady, it may trigger different down
strean Bmnune fnctions, inchiding phagreytosis, cedtular oy«
totoxicity, vaceinal effect compiement activetion oie. These
mmmwne sefi-based responses reguired the hinding of srtibody
Fg domain tospecifie Fo recopiors on iremine salis. Bach b
type o piveofmn of antibody senbe recognized by seversl Fo
reveptiey sendering setivating or inhibitey stmaling o peney-
ate different effevtor Ruoticns, For snample, the binding of G
atibody to the Fordll A receptor on NK eells will sotivate MK
ey o releese eytokines o KT wops celly, a provess calied
antibody-degendent cellular sytotoricity (ADCOY and bind
ingiothe Foplid recepter on mecrophages will activate msa.
phage o kill the taspet oell through sebody-dependent vell-
medisted phagoeytosis {ADCE). In addition, binding of wnti-
hodw-antigern compldex to the ForllA recepior on dendeitio cells

oun feilitate dendritic cell mamwation © indise memory CD§
Pooell sesponse ¥,

Glveoosylation 18 @ common post or covirensistions] misde
iffcation found on most col susface protesns. During Aghweos
peotedn symibests, o high mannose glvwen is first synthestand in
the ER and then wansfensd fo the growing pedypeptide chain
followad by chapesme madined protein foliding: and quality
contral o R gycoprotging, The highaoemose ghooproleds
ars trimuned by menosidases snd transiovaled o the Oulglaps
parate for sddition of more monssrcchanides sequetiatly by
diffesemns glecosylransferases bafore moving to the cell surfave.
Unlike prowin sund DNA; glyeosylston is semple indepardent,
and the sequence of glyoans is determined by the repemuire of
ghronnnsforases sxprassed in different coll types. Musvover,
the selifer environment and profein scceusibility also affect de
adtivity and specificity of ghycosyimansfirases. Thus, e giy-
opns genprsted By piyeosyiation usily exhibit more divendty
then othey modifications™,

Antibealizg of el subtype sre also plyovsyisted st i ffer-
ent places within the crmstant ropion of hesyy oiain (30} end
these ghyvans regiisme antibody Rmetons'. The preBOR seszrm-
biy is importis for B cell devaelopment and I erigoally regu-
fated by the Alglycan st N46 on wHC®. The M-glvean 2t N402
om HC has bear Holked to antibody oligamerimtion snd come-
plementactvation™", Besides, oG M-glycosyistion at N2§7 oa
yHC plays & oritical role i complamant acivation and Rey re-
coplor activetion Ieeding to variom effecter fimetions' L



Therefore, s fmportat to identify aptimizad glycospiation to
improve the effivacy and safety of therapentic antibodiss,

Generafiy, the producton of recombinant aatibody isoften
based on revnradian ool Baes, swchoas N8O, 2937 and CHO
calls, trproduce amivtare of ghyosforms with cors-facosyinted
bi-snsennary complex typs ghveanst which sre not optimal for
binding 1o the Poyl HA recepton, besuseol the ishititory funes
tion of cose fucosylation'? or the sff lmges delivervoaused by
terrsimd galactosylation™, Therefore, effvsts beve been direcied
twwrd modification of the Fe.gbyeun on satibody to improve
specific recegsivs binding and the corresponding sffector func-
tion, One shategy used wig o bisck the fucosyiation pathway
in cells. For example, wing the cell lve deficient in GDP-
fuesee synthests could produce sntibodies wishot cove-fupo-
sylatin, leading to sn oresse in binding © FoyIlia receptar
therehy enhancing the ADCC aotivity®t . The emevgence of
poeeise gene editing weds such as Zime Finger Muclase (EFN}
or Chisterad Reguhudy Intoespaced Shon Palindrernie Repaats
{CRISPRY CRISFR-sssoviated protein 9 {Cast) has Geilitaied
the progress of this strategy®” and smdies on ghyessylstion psth-
way engineering o oelly i produce therapeutic proteing with
imprewed effivacy huve been reporied™ ™,

Anciher stratepy o afler protein gheosylation iy Grough
in vitro glycoenginesring by enmanes or chemiced figation &
cognmont approsch wis endoglvensidase-medisted transglyee-
sylation”. Tiuaily, the antbody with bigh mennose type plycas
desived from inusct cells®, yexst® it GNTI knockout (KO
vells was toated with endoglveanidass H or 82 o gonemte
mong Glehide. or GleNAe-Fop beuring ghvonforms. The anti-
body with sither of these two glymforms is a good acceptor
aghyrate for musted eodoghyoosidase (ghoosynthaselmedi-
ated gl yeosplation” nsing 3 homogenons plycan oxazcline
43 dosor substrate t penenate ¥ new ghyoan chain 8o fie, muny
gyeans have been tansferred to sntibodies o study the fmee
st impses on receptor binding and effectve fusetions, The
fully mlsctosylated complex type glyess without core-faouse
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Figrre 1. Tosration of CRISPRCas® KOK strategiss for ply
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revesiedd thay the 2.6 linked SCT provides enbaneed binding
o FoyRITA and Fo R TA roceptors which are agsocinted ADRCC,
ADCPandvaceinsleffea®™ ¥, Although this stratey sould prs

duee antibodies as homogenous glyoudonms, e prowess re-
gutives mudtipde and purifivation steps and the spocifie-

ity of mutantendoglycts idases is imited. In this repery, wensed
humanired snitbody chMOIE5-70 that targets specific slage
endbryonic antigen 4 (SSEAS) m vadons canver cefls ag a
mode] & produce and evalugte the Fo-BCT enriched smiibody
in Fe receptorbinding and activation of cellilar cytotoniaity.

Risult and Discussion

Development of Fo-GleMNAc antibody producing ey
fy CRISPR-Casft, Antihodic are genimaily produeed Huoim
marmsnslisn cell lines which contain cure-fusosylsted vomplex
type ghyeans™  To generste the FolileNac sntibody for is
witra wansglveosylation, anibody glvoans need o be trivamed
by endogiveostdase and focosidase to beave nnly the nermost
GleNAc a8 10 socepror’. We would Hike w shonen tese sieps
by CRISPR-Cas8 o generste Fo-GlelAe wmifbedy with coms
mercisily svailable GNT1 KO EXPESIF cells, The Mglscan
expressed by this cell Hne was high mamnose type which wiss
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Figwre 2. Expresden of Endo H in GNThhkneck oot colls results in clegvage of Aoglyonns on antibedy. (&} The chMCIB370 antibody
expreszed from enpinesred and #y paventnl GRT KD EXIIE ozlis were subjectsd o proein slecteduresis and the differesce in
waolectisr weighs by band shifting was obverved. (B} The chMCSIS78 antbody expressed by enpincered and it parena GNTIKO
EXPIINS celin were sobjerted t© 1PA avsdvein 1 examing the molevufsr weight and glycen clunges, 00 The chMORI3 ) astibody
expeessad by engineared GNTH-KO BXPIZ9Y vells was subjeciad to tmnyghyrosyhion assuy and the efficiency of transglyoosyiation was

assessal by prokin slecuuphuresis

comiribantes significontty o improve antibody hinding o the
FeelITA roceptor compared to the wild-type andbody® S, Hinen
evar, it also fiediiantes the antibody clemunce by Heer colls
tvugh asteloghyeop repepdce binding, Forther studies

prefrentially cleaved by Endo B 1o generste FoGieNac an-
tihody. Thus, we simed o dmock in Exdo H in this cell line by
CRISPR.Cos® However, after munsfection of CRISPR-Cus
and donor phawmids, cells stusted to de with apoptosis and

2



resplied in reduced cell survivsl, Formmtely, the swvival nite
starizdd o vive after several days and returned fo mormal level
agais Fig 81} We then wendersd whether these surviving
cefls sl expressed Ende H o closve the mannose type Algly-
s o ntibedy, The antibodiss expressed by the wells were
analysed by electrophormiz and the result showed that the anti-
body bewey ohain (ABHC) expressed by thess cells had faster
mobility than ABHC from s parental cells (GNT1 KO} and
st ABHCs weore downshifted (Fig. 243 This antitody was
abze subjeeted o ansghyousyistion axay and the efficiency
was good {Fig, 20} We ibes anelyeed the ghycans on this anth
body by intact protein mises analyals, s tharesulis showsed tat
mest antibodies contain only GiaWac on each HO (Tig 28 and
Fig. 82} These resulis indicate thut CRISPR-Casmediated
Hado H XY in GNTI KOcellscan serve sv s platlonm toproduce
Fo(loAc sntibody for downstream spplication.

e additton o Bodo H, we alse tied fo sxpress endoglveo-
siduse 82 {Eodo 82} from Srrepgroneons pyogenes in the colis
becumse thiy exzyme csn hydrolyee hoth high mannose and
somplex type Neglyouns to Fo-GlaNAc™, Thesefore, the donor
veetor gnd CRISPR-Cas® plavnids were delivered i GaTt KO
¢elis and the ool survival rife was mondisred. nterestingly, we
didnot ges any signifionm cell death inthe GNTT-E O sells sfter
plasnid iransfection (Fig. 811 Then the antibody ghydans goa-
eninzd by these celly wem exneined sy previously described.

spproach to generate antihody with Fo.SCT gheoform was @
direcily adit the expression of glysosyhs i celts, A
previousty deseribed, the astibody produced from commondy
nsed coll fines usually contained bl-anteansry complex fypr A-
gheans with core-Tucese and ferminated maisly with galse
tosehh BB Thareftwe, in order fo produce the aniibody with
Fu-80T, we decided fo increase the level of galactosylation and
sialylation on the antibody’™ . In addition, the sore-faoneyla-
thon, which depleted ADCOH was ofiminsted by knocking ot
FUTE™ (Fig. 1} Furthermons, the terimml sishylation with o2+
& finkgs, not the ¢2-3 linkage, was intraduced sy it was found
o enhance recepiar binding . hnprove ADCC and vageinad
effet®™ 9 Anthough the R NA of uman o2-3 sial yiransfor-
sges conld be detected i 2937 and CHEO celie™ %, we disd not
observe any obvvioss sialvidtion on the antthody glveanr Fom
these cell Hnes*™ = (Fig, 4, appery. Thesefors, we wers niat
congarnad about the antibody befag ghuosyined by e nhibi-
fory w23 sislylation. We therefore used TRISPR{Cus® to
dmwck oot AFUTE and keock i B84GRITY md BRTEGalT in
2957 cells (Fig. 1}. The antibody expreased by (v engineered
celt ine was purified snd subjected to intact protein mass i~
yuiy of the antibady snd the stuched ghveans, We ohserved a
sipnificant inorease of palactosylvied and siefvated antibody
ghveofoarms (Fig. 4, Iower) compared o the sntibody genemted
by WY ealls (Fig 4, up). Ghycaform snalysis alue reweled 5
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Figare 3. Expreesion of Ends 51 in GNTI-keock cut celis romplts dn dravape of antibody Mgdycans 3o GleNAc, (A The
cHMVICTEI70 sntthody ghyoofbrms expresssd by snginesred and parental GNTI-KO BEXPINGS cells wers subjested 1o alocniphonsis
and # band hifting way observed. (B The cMOBI 170 antibody exgressed by enpinenred INTI-HO EXPEDS vellz was subpected i
PN anadysis 1o sxaunine the molecuiar welghtand glvoar chesges. (C) The chMCR 1370 antibody expressed by enginesred GMTI-KO
EXPI93 calls was subjecled i trarsgiyocsyiation and the effictaney wasevaiiniad by protein elswophoresis.

The protein ped showed an obvious downshifted band of AbHC
coenpreeed with its parental cells (ONT VRO (Fig. 343 Besides,
the glveans alse can be sdded snty ARHC throggh enepmustic
ransgivossyistion (Fig. 3 and imtsct profein maes analysis
showed ¢ clear sigral of FeONAc anithody (Fig 3B} The
ghycoform amalysis revented 2 major Fo-GhNAc sndbody pop-
whation as well (Fig. 83). Therefors, hased on thegs rosults, #i8
wachuded that endoglveosidase 82 o be inrodused to oolln
by CRISPR-Cas? o process the R ghyouns to Fe-GleNAQ smi-
body for i visrs maosglyoosylation. e sddigon, tis cell-bused
methad can be veed for other glyeopreing, such ss inflvenza
hemagplutiots and SARS-CoV-2 spike pratein 10 generaie the
mono-GlelAc decomted ghyeoforms as vaorines to elicl
brvadly prodietive muns msponses™R,

Clyessylation pathway englacering o colls to produce
Fe-S8CT enriched antibady v CRISPR-Cas® The second

significant increase in antibody pulastocyletion snd siafylation,
with lack of corevfacosylstion (Fig. 83}

The sdadvlation on sntihody s a2-6 Hakage, To conthun the
shbviuton on the antibody was medinted by BSTEG1T, the an-
tibody was treated with bwo differont sislidases, Strepfocorens
presmonia of-3 porsminidise and Closridium perfriigens
newrsminidase overnight sespectively. The infaet protetn mnaly-
sis did mot show any obvious diffirsnce tn the dbstrtbution of
sstafyiated and staiylated aatibody betwees the nnireated and
cd-3 nevreminidaso-treated group (Fig, 5 upper and middie),
indicating thet the sfelyletion on antibody was not dus fo the
endogenous 2-3 salyivansforases, On the other hand, using
ngwnminidase which cotld remave all linkages of sinbdution
farpely olimingted the torminad sielic acids, Inaddition, the an-
oy with incressed pelactonyintion generted fom solls with
ok in of hBGGHTT ooy, the wemingd sinbylstion wwas stifl
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not observed (Fig. 83). These resubis confirned thal shalylation
i the anttbody wis introduced by BETEGA and the incresse
of hB4Gal enpression hndesd elevated the galactosylation of
antibody (Fig, 43 To forther eaplore the capacity of sialylation
or galaotoasdation i ool we drensiently overenmpressed
WETECa or hB4GaIT in the mgineered cells fol-

Jovend e mtthody preaduction o see I e galsutoayisiod sy 8-
alyluad antibody was thersased. However, i3 intact protein
msss analysis, we did not observe futher dlovation of any ga~
factooylated or sialvisted snthody afler transiest svirenpres.
sion of hST6GaI or hBAGAITY {Fig 55} Another study wes
absty attermplad fy incresse the sialyiation by devating e ghv-
resyhratnferase aupression i CHKO cells but ¥ sl showed is-
compieie sialviated glyoany™. The sialyitransforass BITEGaN
s Incownas e only humsn glecosylivansfersse which mediates
02-8 siudvhition snd preferentially use the w3 brasch son of
the Hantennacy glycars as substastes”™, The & witro studies show
ghrcoenginearing o antibody ghycsng by BATEGN . fakes &
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Figure 4. The glvcoform rompoaiifon of BMCOSIIT anti-
body. The Nglveans onantibody expressed by WT {upper)and
glveosviation pahway snpiesred 293T cally fower) were fu-
sifiead by pentein 4 andanaiyzed by Itaviprotein maess analysis,

Song time end Siffienlt to vield fully sislvised 5
cans™ o, Fusthermore, this sleo could explain why only the aa-
sibwady with gt keast one filly palaclosylaied glvean wes &-
afylated. I the palavtose oo G glycan wes not on the ol-3
branch aom, the BTHGEI may not sisdyla it Therefore, the
axprassion fevel of glwcosvliransfeenses muy not be the bettle
ek i this situetion rather the subsirate preference and anzyme
activity sre the mujer factors™, Using a8 Aalvintanfirases
{rom otherorganisms may have beter sotivity than h8T6GeH ¥

Frotele plycosyiation varies with sxpressfon Sime, In onderie
undersinnd i the amonnt and time of sntbody overexpression
i walls affectad ghyenayistion, we extendied the colture time i
3 days and then calledded the medium 2t day 3 gnd dav § to

exxming the antibody glvesns by intact profein masy snalysis.
We unexpectedly found thal the glysan paliern was somewhat
ddifferent betweoen thege (wo time potnts { Fig, 3841, In te BPM
avindysis, 3 relatively strong salylation was obwrved i the 8ot
sostieetion {first three doyy) sy we sow befors (Fig. 564, BO-3)
and then gislylaton was devreased in thesecond collection fax
por daysk scuammpanied by sn norsase oftaminal gal-
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Figure $. The dalylation ou sutibody Is 928 Nnkege, The
SOT coriched chMOEI3M antibody was expressed by plyesyie
attan pathway snpinemadeetis. Aller Bcshadon with intioated
ey ovensight, B antbody was prrified by protein A and
smalyzed by intact protein mass snaly s,

sctosylston {Fig, S84, B4-5), suggesting that the proteing -
valved i phycosyiation may oot be sefficient o offectively pro-
dise FoBOT antibody st later stage. Hevans: the hSTeGal and
hBAGaITT Invobved i the FO-SCT antibody production were
almost srtificdally and constitutively oxpressed in the cells, we
also examined i endogenons gheosyiransfenses faced the
same problemn of reduced glycosvietion. By expressing sat-
bady i FUTE KO oelly, the antibody was almost trminaily
ghyoosytated with ot least oo or more galneisses i the first col-
fection {Fig. 868, D443, but the proportion of galsctosyizted
antibody decrensed sid cven the anfibody ghyosny without any
galactoses becam the dominant glycoforms i the Tt b days
{{¥Fig. S8, D=5}, The result showed that shost glycosyhidon
affer protein averespression ven be observed vr sndogencus
sheosylation products a8 welf, This finding prosnoted us o dis-
sectthe inpact of wntibidy production ot difftrent times ongly-
cesylation. We purified anthody svery day after plasmid frans-
fection and analyesd the dynamic change of amtibody glycans
from multiple engineered cells. To our suzprisg, the eptfbody
with full siaiyiaton could be sipnificantly detected by intact
priftets mass aralysiy at the frstday, sithough i hevame unelear
affer thet {Plg, ). Overall, the most sbundant siabylaton fewed
wis shserved ot first day and shen started o deceease day by
diy (Pig. 6 end 544}, Regerding pulactosylation, the antibody
lyosns were capped by &t least e galsctoses (24 galnctisey

4



in total} on the first day, but started to decline on the sseond day;
as evidenced by the appesrance of one galaciose on sntibody
phyeans {Pig 65, These shegrvetions suggest that sotibody gy
vosylation was slmest complete st the beginning of overexpres-
st and gradually decseused over tme.

JRET .
£ i
£
N ¥
Q¥ ¥R
LS X
¢ ;
L
H !
"
¥ ¥
ERISSY A
N
§ !
IR
H )
N : ; ;
S N 1 '
§ i |
i {
b _} 1 |
N Ay !
R [EAS] 4TI SETRRD (BN RERELG

Oseonecdead Hass )

Figare & Antibody expresdon snd Gme-dependent changes
of gycans ge antibody, The chMORI 370 satibody expressed in
slycosylatior pathwisy snginesredeells was collected every day

Fe-SCT enviched anithedy showed betier hnding @
the Foyreveptors then WT aatibody. &s we o oblsin Foo
BT enriched sntbody from glyeosyladon pabway cnploeernet
ceils, the next step was 10 compare te binding of the mixture
of antibody giycoforms o Fo reweplors with WT antibedy®.
FoyliA and PoyitB are vsually sxpuessed simoltansnnsly by the
antgen presenting osls, such o dendritic celizand marmphags,
and these o feeeptovs work together to modulate i re.
spense’. Foylfts i orilical for WE celly 1o medinte ADCC
Therefore, the binding of antibody to thess receplors wad
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Figure B, Funeticnal comparison of bymogesous RCT and
SCT eariched antibody. {41 The FoyplliA-coated plate was
invubated with homesg SCT antbody (ue)ue SCT en-
sghed anttbody fed) st ndicated concentration. The hndiug
o anstibody was messured by amti-emsan 350 Fo antbody cone
jupated with HRF, The bading of SCT snsivhed antibody wad
homogenovs SCT andibody to FofiA wes siiler, (BY Tdie
cated antibody; target woils, and sffisctor wells wers co-incu-
bated for & hours follvwed by detection of huciferase sodvity.
SCT enriched and homogenous autibody SCT showed simdbar
eifierts o induetios of ADCT repustes sesposge and both giie-
died higher responss than WT amibody.

ewnlunted. We did aot study the binding fo FeylA heve because
the glveoforms of coraplex type M-glvesns ou sutibody wsid
not affedt the bindiag™ ™. We observed the biading of Pe-8CT
enriched antbodies to Folls wag increased in theee tested Vo re~
ceptors {Fig 7). Among thees recepiors, the incressed bading
of PoylEA and Feyifla was consistant with previcus studies®™
{Fig. 74 snd 70} Intersstingly, the WT antibody showed vory
weak binding 1o {ahibitvry recopiny PoyBB. Although the
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Figurs 7, Improved receptor binding of SCT enriched antfbody. The Foy receplor-otated plate (A, Foolla; B, FeyliB; C, FoyHiAj
wiss incubeted with WT mttbody Sk} or SCT enriched mnttbody fred) st indingted conensraions, The Mnding of snibsdy was meas-
wied by enti-huwman G Fo sethody conjumted with HRP. The binding of SCT eaviched sntibody o testd recopons was greatly e

proved conpared with T,



ngineered Mygiveans on ABHC ingooved binding to FeyllH,
the improvement wae ey significant than binding o FoyA
{Fig. TH). This sbservaton was aligned with the fuct that butk
FoyliB and w248 giglylation were the key fictors in intravenoms
Ig {IVig teunenimedisged flenamiory sippression®®s,
Alshsugh the increased binding w the too opposing funcidonsl
reveptors, ForllA and FoyliB, witich eve typicaily expressed v
the amtipen-presenting cetl (APCs) simultsneomdy, appears &
be confticing, the eventitsl nmune respinse was determined
by the expression fevel and signading strength of FoyHA and
FoyliB on affestor celled. The Fo-8CT wmriched antibady also
exhibited stronger Foyllia binding sbility than the antthody
produced fror wild sepe cellz (Fig, 70, This sshancament wes
mainly contributed by removal of core-fusese! and addition of
wlactoas™,

Fe-8CT emriched antibody sud hemepenvus Fe-SCT
anttbody sre simflar in functions. Sinve the hisding of Foo
BCT ewiched wntibody to FoyilA was elevated, we comparad
We binding with the homogeneous Fo-30T antibody. The resuh
shswed thet Fo-8CT enriched antthudy extidbited simdlar bind-
ing avidity to bomogenous SCT antibody (Fig 34). Then we
further evaluated if e FoSCT enviched sntiboady vould svoke
ghmifer effees 38 bomogeneow Fo-8CT mtihody in ADCT ree
porter dssay™. At the fowsstantbody toncentration wsad for in-
duetion, W antihody dd not induee anyobyions cell sotiation,
bust the bomagenons Fo-B0T and Pe 80T erriched sntihadies
can trigger cell snivation and rapidly reached & maximum at
et conventration {Fig. 8B} Bven o the higher concentration,
the WT antibody var regeh 3 manioven inducetion, but the ae-
oty weas 2 ek Tewes than thet of hemsgenous Fo-8C T or
Fo-8CT enviohed swihody {Fig BRY The oversi responss in-
dured by homogmous Fe-SCT snd Fe.BCT ewriched gntihodias
were afosw very similar in receptor binfing assay (Fig SH). Thus,
we coneluded that the Fe-SCT enriched sntbody derived fvan
shyesyh pathway engh d vells conld improve sntihody
affectar functions in & sinefiar manner as homogrenous Fo-8CT
antibody did,

o ssneaaey, we Bave sinplified the prosess in iffarent
Wiy to generate foncionsl Fo-8CT satbodies snd evaluated

evnluate te comparsive setivities of FoSCT swriched ami
bady ghvoofirms wd homogeneous antibody n animals
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HEK 2837 cells (ATCC} were culiured in the DMEM (Thermo Fisher) supplied with 10% FBS (Thenma Fisher} at 37°C

=

with 5% COqin the osll incubator,

EXPI203F and EXPI203F GNT1 KO oalis (Tharmo Fisher) were sultured in the

EXPI293 expression madiurm {Themmo Fisher) at 37°C with 8% COqin the cell incubator,



Plasmid

sgRMA sequence targeting glyoosyltransiarase’ was syrthasized {inlegrated DNA Technologies) and cioned into the
vector for Cash and sgRMNA expression, The synthelie codan-optimized gene ingerd {infagralad DNA Technologies),
Rankad by homadogous amm of isrget gene 8t sgRNA targst site, was cloned ime empty vector as the donaor plasmid,

Transfaction
Tranglachon of 2037 cels and EXPIZOSF cols wore mediaied by TranaliT-203 (Misus Bio) or sxpi2Bifectaming {Themms
Fisher} following the reagantmanus,

Antibody production

The plasmids for aniibody chMCE1370 were transfected into calls faliowed by intubation, A the time of harvest, the
cuitire mediune was coliected and then subjected & prolein A sepharose beads {GE HealthCare) colnn to pusify the
antibody.

Protein gef analysis
The protein wag heated af 85°C for 5 ming inthe LDS saraple buffer supplied with 2-Mercaptosthandl and then subjected
1o gt slectrophorasis with 12% SDS-PAGE. The protein on gel was stained by coomassin Bus buffer (ApexBin),

Enzymatic transgiycosylation assay
The antibody was incubated with SCT glycan-oxszaling and Endo 52 mutant in Tris buller at 37 °C for the fime ingicated®
befors harvast for purfication o gel electrophorasis,

intact protein mass analysis

The samples wers dilutad with LCMS grade witer af a connentration babvesn 5-10ubd and analysed by 8230 TOF LT/
13 with a Dusl &JS ES! ion sodree (Aglient Technologias) with PLRP-S 10004 Sym column {Aghent Technologies).
Sofvant A was 8.1% Formic Acid in H20 and Solvent B was 0.1% Forraic Acid in ACN,

Giyeosidase treatmant
The protaing wems incubated with alpha-2-3 neuraminidass, neursminidase, or PNGasa F {New England Biolabs} in the
supplied biffer st 37 °C ovarnight ftlowed by purification or gl electrophoresis.

ELISA binding assay

The moombinant solulde FoyREA {RED) was coated with 50 ngiwall in Bearbonateloarbonaste oating buffor (50 mM,
pH, 10) at €°C overnight before blocking the well by 5% BSA in TPBE (G.05% Tween 20 in PBS)at 4°C ovamnight, The
antibody was added intowals with final conceniration stated at 100 pimd with 5% serdes diution and incibated at room
ismperature oy 1 howr followed by incubalion with HRP-conjugalad goal anti-human 1gG antibody (dackson fmmu-
noResearch for ancther 1 hour &t room lempersture, Finaly, the TMB substrale {Bethyl Laboratones) was added fo
react with HRP st RT pdor to stoppling the reaction by HeS0s. The absorbanca at 450 nre was delectad by Spectaldax
ME spectrum reader (Motecular Device). The walls wore washed by TPBS 3-6 times behwaan sach step.

ADCEC raportar sssay

ADCEC reporier assay (Promege ) was performed ag kit manual Briefly, the 3SEA4 sxprossing target cells SK-OVS was
seadad inle SF-wel plats foowed by sddition of antihady with final concentralion steried at 1 gémi with S series
difutitrr, Then the FoyRIBA exprassing sffector calls {sifecior farget colf ralin, §:1) was added and incubated with target
cedls In the incubator & 37 °C for § hes, The fiste wes placad & oora tempersivre for 15 min prior io adding the
fuciiarass subsirate. After § min incubistion, e lbmnescenon was measurad by Spacrablax MS spackum reader. Tha
induction fokd was calmdated by LY {induced-background) /RLU (o antthody contrai-background).

Slyeoform analysis

The FASP {filer-aided sample praparation) method® was uged for -golution proteass digeston, Brisfly, 5 ug of protein
sanydes were foaded onto fitter units {Micracon Y3} and reixed with 100 plof 8 Mwes in 001 M Teis-HC) pH 8.5 {UB}
each for protein doenaturation. The filter units were contrifugated wilhy 14,000 x g for~30 min untif the solulion was
rermoved, followed by the addition of 100 of 25 mM DTY i UB esch for profein reduction, and incubatad st roam
temparsiure for 10 min. Aller cenbrifugation with 14006 ¢ g for ~30 min o erove the DTT satulion, 100 ol of 50 mM
fodoacatarmide i UB wes added to sach sample for akplation, and the fiter onlls were incubated in the dark for 10
min, followed by certrifugation fo remove bdoaceiamide sohaion. To each fRter unit, 100 pf of UB was added again,
After another centrif-ugation to remove the salution, 100 @t of 50 mM smmontum bicarbonate in water (ABCY was added
to change the buffer sygem o ABE for insolufion protease digestion, Afler contrifugation fo remove the sofution, 40 i
of ABL with £.1 pg Trypeinlye-C Mix Promega, sequencing grade) was added lo aach sample ang fncibited i a
wist chamber at 37°C overnight, The digesisd peplides in samples were spun fo collection fubes, and an addlional
rnse with 40 pi ABC for each sample was performad. The filter urits wers cerdrifuged ot 14,000 x g for 10 mirrto solisct
the flow-thraugh, which sontaing digested peptides, Semples were acidified with FA o a final concentration of 8.1%. The
peptide samples ware dried in 2 Speedvar evaporater, ang storad at -20°C unil analysks with LC-MSMS,



Samples were analyzed using the LCESIHVE method on v Grbitrap Pusion imsss speciometer (Thermo Fisher
Scisntific, San Jose, CA) squipped with an EASY-nLC 1200 syslem {Thermo, San Jose, CA, US) ard an EASY-spiay
source {Thermo, San Jose, CA, US). A 5 i digesiion sdlulion was injected at a flow rafe of 1 yimin ontoan sasy oolume
{018, 3075 mmx 150 mim, 1D 3 unv; Thermo Scientific). Chromatographic separation utiiced €. 1% formic aoid in water
a8 moblie phase A and 0.1 % formic acid i 80% acetonitiie 88 moblle phase B, opersted at g Sow rale of 300 nlimin.
The gradient employed was from §% buffer B at 2 min o 80% buffer 8 af 55 min. For hil-scan M5, the conditions
incheded & mass range of miz 3751800 (AGT et SE5) with  lock mass, resciution sef &l 60,000 at iz 200, and a
madmum injection time of 50 ms. MSMS was conductad i top spesd mods with 3 5 cydles using both CID and
HCD, with a dynamic sxsiusion duration of 60 s and a 10 ppm lsrance arvund the selected precurser and #s
#otopse. The elan-trospray voltage was maintained af 1.8 %V, and the capiiiary famperature was sef to 27570,
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Since 2019, over 750-million cases, 7-million deaths
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extrinsic

intrinsic

The Core Triose Man-GleNAc-GlcNAe

e Conserved from yeast to human

o Contributes 3 keal/mol to protein folding in hCD2ad:
the innermost GlcNAc for 2 keal/mol;
Man-GleNA for 1.1 keal/mol: the rest for function.

O Man || GlcNAc
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UNITED STATES o P.0.Box 1450
m PATENT AND TRADEMARK OFFICE A, e oy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE /TIME ATTORNEY DOCKET

63/581,389 09/08/2023 02:46:33 PMET A1000-01100P§

Title of Invention
TARGETING HUMAN VIRUSES WITH BROADLY PROTECTIVE LOW-SUGAR VACCINES

Application Information

APPLICATION TYPE Utility - Provisional Application under PATENT # -
35USC 111(b)
CONFIRMATION # 6062 FILED BY Shannon Warner
PATENT CENTER # 62763685 FILING DATE
CUSTOMER # 169053 FIRST NAMED Chi-Huey Wong
INVENTOR
CORRESPONDENCE AUTHORIZED BY Kay Yang
ADDRESS
Documents TOTAL DOCUMENTS: 2
DOCUMENT PAGES DESCRIPTION SIZE (KB)
A1000- 8 Application Data Sheet 2224 KB

01100P2_ADS_20230908.pdf

A1000- 26 S pecification 13018 KB
01100P2_Specification_2023
0908 FINAL.pdf

Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

A1000- 467ECFBOE4171EOF80F5BA8267FEF15C4FA3EQ451146604FC6
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A1000- FABD3B521EC974ABO955C3A92AAT54AD7588471E1EBD863CF
01100P2_Specification_202309 B44BC68CCC532678FB5F3B054876C03F69042EA93D564E2F8
08_FINAL.pdf D3C425DC16CB7DBBCALIET8693CEECAF

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. it serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.5.C. 111

If 2 new application is being filed and the application includes the necessary compenents for filing date (see 37 CFR 1.53(h)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will he issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions cencerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number | A1000-01100P2

Application Number

Title of Invention TARGETING HUMAN VIRUSES WITH BROADLY PROTECTIVE LOW-SUGAR VACCINES

document may be printed and included in a paper filed application.

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the

Secrecy Order 37 CFR 5.2:

u Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1 . Remove

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Chi-Huey Wong

Residence Information (Select One) (¢) US Residency () Non US Residency

(O Active US Military Service

City | Rancho Santa Fe State/Province | CA Country of Residencd | US

Mailing Address of Inventor:

Address 1 P.O. Box 8154

Address 2

City Rancho Santa Fe ‘ State/Province ] CA
Postal Code l 92067 l Countryi { us

Al Inventors Must Be Listed - Additional Inventor Information biocks may be
generated within this form by selecting the Add button.

Correspondence Information:

For further information see 37 CFR 1.33(a).

Enter either Customer Number or complete the Correspondence Information section below.

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 169053

Email Address ipdocketing@prosylagroup.com

A el

Application Information:

Title of the Invention TARGETING HUMAN VIRUSES WITH BROADLY PROTECTIVE LOW-SUGAR VACCINES
Attorney Docket Number| A1000-01100P2 Small Entity Status Claimed [X]
Application Type Provisional

Subject Matter Utility

Total Number of Drawing Sheets (if any)

Suggested Figure for Publication (if any)
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Attorney Docket Number | A1000-01100P2

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | TARGETING HUMAN VIRUSES WITH BROADLY PROTECTIVE LOW-SUGAR VACCINES

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this

reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). ]

{ -

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S8.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multitateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: () Customer Number (O US Patent Practitioner | (1) Limited Recognition (37 CFR 11.9)
Customer Number 169053

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status Remove

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

EFS Web 2.2.13
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. . Attorney Docket Number | A1000-01100P2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TARGETING HUMAN VIRUSES WITH BROADLY PROTECTIVE LOW-SUGAR VACCINES

Foreign Priority Information:

This section aliows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)l the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

 Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims pricrity to or the benefit of an application filed before March 16, 2013 and (2) aiso

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13
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Attorney Docket Number | A1000-01100P2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TARGETING HUMAN VIRUSES WITH BROADLY PROTECTIVE LOW-SUGAR VACCINES

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Inteliectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
resuits from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ | application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13



PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEFPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TARGETING HUMAN VIRUSES WITH BROADLY PROTECTIVE LOW-SUGAR VACCINES

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Remove

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

(O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Applicant:

Address 1

Address 2

City State/Province
Countryl Postal Code
Phone Number Fax Number
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.13
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TARGETING HUMAN VIRUSES WITH BROADLY PROTECTIVE LOW-SUGAR VACCINES

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middie Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature | /Kay Yang/ Date (YYYY-MM-DD)| 2023-09-08

First Name | Kay Last Name | Yang Registration Number | 61072

Additional Signature may be generated within this form by selecting the Add button.

EFS Web 2.2.13
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L. Attorney Docket Number
Application Data Sheet 37 CFR 1.76

A1000-01100P2

Application Number

Title of Invention | TARGETING HUMAN VIRUSES WITH BROADLY PROTECTIVE LOW-SUGAR VACCINES

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, shouid be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
apptlication or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. if you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5.  Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(q)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

B.  Arecord from this system of records may be disclosed, as a routine use, to the pubilic after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
63/639,286 04/26/2024 120 A1000-01700

CONFIRMATION NO. 3251
169053 FILING RECEIPT

IR SOBPC 10 0 A

Irvine, CA 92618
Date Mailed: 05/03/2024

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt identifying the requested changes, preferably by including a
properly marked-up ADS showing the changes with strike-through for deletions and underlining for additions. If you
received a "Notice to File Missing Parts" or other Notice requiring a response for this application, please submit any
request for correction to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply to
the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections provided that
the request is grantable.

Inventor(s)

Chi-Huey WONG, Rancho Santa Fe, CA;
Applicant(s)

Rock BioMedical Inc., Taipei City, TAIWAN;

Power of Attorney:
ZONG WEI LIN -L1383

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 05/02/2024
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 63/639,286
Projected Publication Date: None, application is not eligible for pre-grant publication
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
page 10f 3



Title
CELL-BASED PRODUCTION OF GLYCAN-ENRICHED ANTIBODY
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at hitp://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
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license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
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Cell-based production of Fc-GIcNAc and Fc-alpha-2,6 sialyl glycan en-
riched antibody with improved effector functions through glycosylation
pathway engineering

Han-Wen Huang, Vidya S. Shivatare, Tzu-Hao Tseng, and Chi-Huey Wong*.
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ABSTRACT: Glycosylation of antibody plays an important role in Fc-mediated killing of tumor cells and virus-infected cells through
effector functions such as antibody-dependent cellular cytotoxicity (ADCC), antibody dependent cell-mediated phagocytosis (ADCP)
and vaccinal effect. Previous studies showed that therapeutical humanized antibodies with a2-6 sialyl complex type (SCT) glycan
attached to Fc-Asn297 exhibited optimal binding to the Fc receptors on effector cells associated with ADCC, ADCP and vaccinal
effect. However, the production of antibodies with homogeneous Fc-SCT needs multiple in vitro enzymatic and purification steps. In
this study, we report two different approaches to shorten the processes to produce SCT-enriched antibodies. First, we expressed a
bacterial endoglycosidase in GNT1-KO EXPI1293 cells to trim all N-glycans to mono-GIlcNAc glycoforms for in vitro transglycosyl-
ation to generate homogeneous SCT antibody. Second, we engineered the glycosylation pathway of HEK293 cells through knock-
out of the undesired glycosyltransferases and expression of the desired glycosyltransferases to produce SCT enriched antibodies with

similar binding affinity to Fc receptors and ADCC activity to homogenous SCT antibody.

Introduction

Antibody plays an important role in humoral immune re-
sponse and has diverse plasticity and biological functions. The
prototype of antibody is a major component of B cell receptor
(BCR) on naive B cells. When the BCRs are activated through
pattern recognition receptors (PRRs), the alternative splicing of
MRNA helps produce antibodies as secreted forms of IgM or
IgD. With the assistance of dendritic cells and T helper cells,
the activated B cells could further undergo clonal expansion,
somatic hypermutation, and class switch and are differentiated
into plasma cells to produce secreted IgG, IgA, or IgE antibod-
ies with high antigen specificity. Once a target cell or pathogen
is opsonized by an antibody, it may trigger different down-
stream immune functions, including phagocytosis, cellular cy-
totoxicity, vaccinal effect, complement activation etc. These
immune cell-based responses required the binding of antibody
Fc domain to specific Fc receptors on immune cells. Each sub-
type or glycoform of antibody can be recognized by several Fc
receptors rendering activating or inhibitory signaling to gener-
ate different effector functions. For example, the binding of I9G
antibody to the FcylllA receptor on NK cells will activate NK
cells to release cytokines to Kill target cells, a process called
antibody-dependent cellular cytotoxicity (ADCC)** and bind-
ing to the FcyllA receptor on macrophages will activate macro-
phage to kill the target cell through antibody-dependent cell-
mediated phagocytosis (ADCP). In addition, binding of anti-
body-antigen complex to the FcyllA receptor on dendritic cells

can facilitate dendritic cell maturation to induce memory CD8
T-cell response .

Glycosylation is a common post- or co-translational mod-
ification found on most cell surface proteins. During N-glyco-
protein synthesis, a high mannose glycan is first synthesized in
the ER and then transferred to the growing polypeptide chain
followed by chaperone-mediated protein folding and quality
control to form glycoproteins. The high-mannose glycoproteins
are trimmed by mannosidases and translocated to the Golgi ap-
paratus for addition of more monosaccharides sequentially by
different glycosyltransferases before moving to the cell surface.
Unlike protein and DNA, glycosylation is temple independent,
and the sequence of glycans is determined by the repertoire of
glycotransferases expressed in different cell types. Moreover,
the cellular environment and protein accessibility also affect the
activity and specificity of glycosyltransferases. Thus, the gly-
cans generated by glycosylation usually exhibit more diversity
than other modifications®”.

Antibodies of each subtype are also glycosylated at differ-
ent places within the constant region of heavy chain (HC) and
these glycans regulate antibody functions?. The preBCR assem-
bly is important for B cell development and is critically regu-
lated by the N-glycan at N46 on pHC2. The N-glycan at N402
on pHC has been linked to antibody oligomerization and com-
plement activation®°. Besides, IgG N-glycosylation at N297 on
yHC plays a critical role in complement activation and Fcy re-
ceptor activation leading to various effector functionsit?,
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Therefore, it is important to identify optimized glycosylation to
improve the efficacy and safety of therapeutic antibodies.

Generally, the production of recombinant antibody is often
based on mammalian cell lines, such as NSO, 293T and CHO
cells, to produce a mixture of glycoforms with core-fucosylated
bi-antennary complex type glycans'* which are not optimal for
binding to the FcylllA receptor, because of the inhibitory func-
tion of core-fucosylation®* or the off-target delivery caused by
terminal galactosylation?®. Therefore, efforts have been directed
toward modification of the Fc-glycan on antibody to improve
specific receptor binding and the corresponding effector func-
tion. One strategy used was to block the fucosylation pathway
in cells. For example, using the cell line deficient in GDP-
fucose synthesis could produce antibodies without core-fuco-
sylation, leading to an increase in binding to FcylllA receptor
thereby enhancing the ADCC activity'" 16, The emergence of
precise gene editing tools such as Zinc Finger Nuclease (ZFN)
or Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR)/ CRISPR-associated protein 9 (Cas9) has facilitated
the progress of this strategy” and studies on glycosylation path-
way engineering in cells to produce therapeutic proteins with
improved efficacy have been reported®°,

Another strategy to alter protein glycosylation is through
in vitro glycoengineering by enzymes or chemical ligation. A
common approach was endoglycosidase-mediated transglyco-
sylation’. Usually, the antibody with high mannose type glycan
derived from insect cells?’, yeast?> or GNT1 knockout (KO)
cells was treated with endoglycosidase H or S2 to generate
mono GIcNAc- or GIcNAc-Fuc bearing glycoforms. The anti-
body with either of these two glycoforms is a good acceptor
substrate for mutated endoglycosidase (glycosynthase)-medi-
ated transglycosylation” using a homogenous glycan oxazoline
as donor substrate to generate a new glycan chain. So far, many
glycans have been transferred to antibodies to study the func-
tional impact on receptor binding and effector functions. The
fully galactosylated complex type glycan without core-fucose
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Figure 1. lllustration of CRISPR/Cas9 KO/KI strategies for gly-
cosylation pathway engineering.
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revealed that the a.2-6 linked SCT provides enhanced binding
to FcyRINA and FcyRIIA receptors which are associated ADCC,
ADCP and vaccinal effect?24, Although this strategy could pro-
duce antibodies as homogenous glycoforms, the process re-
quires multiple reaction and purification steps and the specific-
ity of mutant endoglycosidases is limited. In this report, we used
humanized antibody chMC183-70 that targets specific stage
embryonic antigen 4 (SSEA4) on various cancer cells as a
model to produce and evaluate the Fc-SCT enriched antibody
in Fc receptor binding and activation of cellular cytotoxicity.

Result and Discussion

Development of Fc-GIcNAc antibody producing cells
by CRISPR-Cas9. Antibodies are generally produced from
mammalian cell lines which contain core-fucosylated complex
type glycans'®. To generate the Fc-GIcNAc antibody for in
vitro transglycosylation, antibody glycans need to be trimmed
by endoglycosidase and fucosidase to leave only the innermost
GIcNAC as an acceptor’. We would like to shorten these steps
by CRISPR-Cas9 to generate Fc-GIcNAc antibody with com-
mercially available GNT1 KO EXPI293F cells. The N-glycan
expressed by this cell line was high mannose type which was
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Figure 2. Expression of Endo H in GNT1-knock out cells results in cleavage of N-glycans on antibody. (A) The chMC18370 antibody
expressed from engineered and its parental GNT1-KO EXP1293 cells were subjected to protein electrophoresis and the difference in
molecular weight by band shifting was observed. (B) The chMC81370 antibody expressed by engineered and its parental GNT1-KO
EXPI1293 cells were subjected to IPM analysis to examine the molecular weight and glycan changes. (C) The chMC81370 antibody
expressed by engineered GNT1-KO EXPI1293 cells was subjected to transglycosylation assay and the efficiency of transglycosylation was

assessed by protein electrophoresis.

contributes significantly to improve antibody binding to the
FcyllIA receptor compared to the wild-type antibody??2%. How-
ever, it also facilitates the antibody clearance by liver cells
through asialoglycoprotein receptor binding. Further studies

preferentially cleaved by Endo H?® to generate Fc-GIcNAC an-
tibody. Thus, we aimed to knock in Endo H in this cell line by
CRISPR-Cas9. However, after transfection of CRISPR-Cas9
and donor plasmids, cells started to die with apoptosis and
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resulted in reduced cell survival. Fortunately, the survival rate
started to rise after several days and returned to normal level
again (Fig. S1). We then wondered whether these surviving
cells still expressed Endo H to cleave the mannose type N-gly-
cans on antibody. The antibodies expressed by the cells were
analyzed by electrophoresis and the result showed that the anti-
body heavy chain (AbHC) expressed by these cells had faster
mobility than AbHC from its parental cells (GNT1 KO) and
most AbHCs were downshifted (Fig. 2A). This antibody was
also subjected to transglycosylation assay and the efficiency
was good (Fig. 2C). We then analyzed the glycans on this anti-
body by intact protein mass analysis, and the results showed that
most antibodies contain only GIcNAc on each HC (Fig. 2B and
Fig. S2). These results indicate that CRISPR-Cas9-mediated
Endo H K1 in GNT1 KO cells can serve as a platform to produce
Fc-GIcNAc antibody for downstream application.

In addition to Endo H, we also tried to express endoglyco-
sidase S2 (Endo S2) from Streptococcus pyogenes in the cells
because this enzyme can hydrolyze both high mannose and
complex type N-glycans to Fc-GIcNAc?. Therefore, the donor
vector and CRISPR-Cas9 plasmids were delivered to GnT1 KO
cells and the cell survival rate was monitored. Interestingly, we
did not see any significant cell death in the GNT1-KO cells after
plasmid transfection (Fig. S1). Then the antibody glycans gen-
erated by these cells were examined as previously described.

approach to generate antibody with Fc-SCT glycoform was to
directly edit the expression of glycosyltransferases in cells. As
previously described, the antibody produced from commonly
used cell lines usually contained bi-antennary complex type N-
glycans with core-fucose and terminated mainly with galac-
tose!* 18182 Therefore, in order to produce the antibody with
Fc-SCT, we decided to increase the level of galactosylation and
sialylation on the antibody® %, In addition, the core-fucosyla-
tion, which depleted ADCC, was eliminated by knocking out
FUT8 (Fig. 1). Furthermore, the terminal sialylation with o.2-
6 linkage, not the a2-3 linkage, was introduced as it was found
to enhance receptor binding®! and improve ADCC and vaccinal
effect?2432, Although the mRNA of human «.2-3 sialyltransfer-
ases could be detected in 293T and CHO cells®® 3, we did not
observe any obvious sialylation on the antibody glycan from
these cell lines'®* 2 (Fig. 4, upper). Therefore, we were not
concerned about the antibody being glycosylated by the inhibi-
tory o2-3 sialylation. We therefore used CRISPR-Cas9 to
knock out hFUT8 and knock in hB4GalT1 and hST6Gall in
293T cells (Fig. 1). The antibody expressed by this engineered
cell line was purified and subjected to intact protein mass anal-
ysis of the antibody and the attached glycans. We observed a
significant increase of galactosylated and sialylated antibody
glycoforms (Fig. 4, lower) compared to the antibody generated
by WT cells (Fig. 4, up). Glycoform analysis also revealed a
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Figure 3. Expression of Endo S2 in GNT1-knock out cells results in cleavage of antibody N-glycans to GIcNAc. (A) The
chMC18370 antibody glycoforms expressed by engineered and parental GNT1-KO EXPI1293 cells were subjected to electrophoresis
and a band shifting was observed. (B) The chMC81370 antibody expressed by engineered GNT1-KO EXPI1293 cells was subjected to
IPM analysis to examine the molecular weight and glycan changes. (C) The chMC81370 antibody expressed by engineered GNT1-KO
EXPI1293 cells was subjected to transglycosylation and the efficiency was evaluated by protein electrophoresis.

The protein gel showed an obvious downshifted band of AbHC
compared with its parental cells (GNT1 KO) (Fig. 3A). Besides,
the glycans also can be added onto AbHC through enzymatic
transglycosylation (Fig. 3C) and intact protein mass analysis
showed a clear signal of Fc-GIcNAc antibody (Fig. 3B.). The
glycoform analysis revealed a major Fc-GIcNAc antibody pop-
ulation as well (Fig. S2). Therefore, based on these results, it is
concluded that endoglycosidase S2 can be introduced to cells
by CRISPR-Cas9 to process the N-glycans to Fc-GIcNAc anti-
body for in vitro transglycosylation. In addition, this cell-based
method can be used for other glycoproteins, such as influenza
hemagglutinin and SARS-CoV-2 spike protein to generate the
mono-GIcNAc decorated glycoforms as vaccines to elicit
broadly protective immune responses?’-2,

Glycosylation pathway engineering in cells to produce
Fc-SCT enriched antibody by CRISPR-Cas9. The second

significant increase in antibody galactosylation and sialylation,
with lack of core-fucosylation (Fig. S3).

The sialylation on antibody is a2-6 linkage. To confirm the
sialylation on the antibody was mediated by hST6Gall, the an-
tibody was treated with two different sialidases, Streptococcus
pneumonia a2-3 neuraminidase and Clostridium perfringens
neuraminidase overnight respectively. The intact protein analy-
sis did not show any obvious difference in the distribution of
asialylated and sialylated antibody between the untreated and
a2-3 neuraminidase-treated group (Fig. 5 upper and middle),
indicating that the sialylation on antibody was not due to the
endogenous a2-3 sialyltransferases. On the other hand, using
neuraminidase which could remove all linkages of sialylation
largely eliminated the terminal sialic acids. In addition, the an-
tibody with increased galactosylation generated from cells with
knock in of hB4GalT1 only, the terminal sialylation was still
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not observed (Fig. S4). These results confirmed that sialylation
on the antibody was introduced by hST6Gall and the increase
of hB4Gall expression indeed elevated the galactosylation of
antibody (Fig. 4). To further explore the capacity of sialylation
or galactosylation in cells, we transiently overexpressed
hST6Gall or hB4GalT1 in the engineered cells fol-

lowed by antibody production to see if the galactosylated or si-
alylated antibody was increased. However, in intact protein
mass analysis, we did not observe further elevation of any ga-
lactosylated or sialylated antibody after transient overexpres-
sion of hST6Gall or hB4GalT1 (Fig. S5). Another study was
also attempted to increase the sialylation by elevating the gly-
cosyltransferase expression in CHO cells but it still showed in-
complete sialylated glycans®. The sialyltransferase hST6Gall
is known as the only human glycosyltransferase which mediates
o2-6 sialylation and preferentially use the a1-3 branch arm of
the biantennary glycan as substrates®. The in vitro studies show
glycoengineering on antibody glycans by hST6Gall takes a
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Figure 4. The glycoform composition of chMC81370 anti-
body. The N-glycans on antibody expressed by WT (upper) and
glycosylation pathway engineered 293T cells (lower) were pu-
rified by protein A and analyzed by intact protein mass analysis.

long time and difficult to yield fully sialylated antibody gly-
cans® %, Furthermore, this also could explain why only the an-
tibody with at least one fully galactosylated glycan was si-
alylated. If the galactose on G1 glycan was not on the al-3
branch arm, the hST6Gall may not sialylate it. Therefore, the
expression level of glycosyltransferases may not be the bottle
neck in this situation rather the substrate preference and enzyme
activity are the major factors>’. Using a.2-6 sialylatranferases
from other organisms may have better activity than hST6Gal 1.3

Protein glycosylation varies with expression time. In order to
understand if the amount and time of antibody overexpression
in cells affected glycosylation, we extended the culture time to
5 days and then collected the medium at day 3 and day 5 to

examine the antibody glycans by intact protein mass analysis.
We unexpectedly found that the glycan pattern was somewhat
different between these two time points (Fig. S6A). In the IPM
analysis, a relatively strong sialylation was observed in the first
collection (first three days) as we saw before (Fig. S6A, D0-3)
and then sialylation was decreased in the second collection (last
two days), accompanied by an increase of terminal gal-
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Figure 5. The sialylation on antibody is a2-6 linkage. The
SCT enriched chMC81370 antibody was expressed by glycsyl-
ation pathway engineered cells. After incubation with indicated
enzyme overnight, the antibody was purified by protein A and
analyzed by intact protein mass analysis.

actosylation (Fig. S6A, D4-5), suggesting that the proteins in-
volved in glycosylation may not be sufficient to effectively pro-
duce Fc-SCT antibody at later stage. Because the hST6Gall and
hB4GalT1 involved in the FC-SCT antibody production were
almost artificially and constitutively expressed in the cells, we
also examined if endogenous glycosyltransferases faced the
same problem of reduced glycosylation. By expressing anti-
body in FUT8 KO cells, the antibody was almost terminally
glycosylated with at least one or more galactoses in the first col-
lection (Fig. S6B, D0-3), but the proportion of galactosylated
antibody decreased and even the antibody glycans without any
galactoses became the dominant glycoforms in the last two days
((Fig. S6B, D4-5). The result showed that short glycosylation
after protein overexpression can be observed on endogenous
glycosylation products as well. This finding promoted us to dis-
sect the impact of antibody production at different times on gly-
cosylation. We purified antibody every day after plasmid trans-
fection and analyzed the dynamic change of antibody glycans
from multiple engineered cells. To our surprise, the antibody
with full sialylation could be significantly detected by intact
protein mass analysis at the first day, although it became unclear
after that (Fig. 6). Overall, the most abundant sialylation level
was observed at first day and then started to decrease day by
day (Fig. 6 and S4A). Regarding galactosylation, the antibody
glycans were capped by at least two galactoses (2~4 galactoses
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in total) on the first day, but started to decline on the second day,
as evidenced by the appearance of one galactose on antibody
glycans (Fig. 6). These observations suggest that antibody gly-
cosylation was almost complete at the beginning of overexpres-
sion and gradually decreased over time.
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Figure 6. Antibody expression and time-dependent changes
of glycans on antibody. The chMC81370 antibody expressed in
glycosylation pathway engineered cells was collected every day
and purified by protein A for intact protein mass analysis.

Fc-SCT enriched antibody showed better binding to
the Fcy receptors than WT antibody. As we can obtain Fc-
SCT enriched antibody from glycosylation pathway engineered
cells, the next step was to compare the binding of the mixture
of antibody glycoforms to Fc receptors with WT antibody?®.
FcyllA and FcylIB are usually expressed simultaneously by the
antigen presenting cells, such as dendritic cells and macrophage,
and these two receptors work together to modulate immune re-
sponse®. FeyllIA is critical for NK cells to mediate ADCCS,
Therefore, the binding of antibody to these receptors was

Figure 8. Functional comparison of homogenous SCT and
SCT enriched antibody. (A) The FcyIIIA-coated plate was
incubated with homogeneous SCT antibody (blue) or SCT en-
riched antibody (red) at indicated concentration. The binding
of antibody was measured by anti-human IgG Fc antibody con-
jugated with HRP. The binding of SCT enriched antibody and
homogenous SCT antibody to FcylllA was similar. (B) Indi-
cated antibody, target cells, and effector cells were co-incu-
bated for 6 hours followed by detection of luciferase activity.
SCT enriched and homogenous antibody SCT showed similar
effects on induction of ADCC reporter response and both elic-
ited higher response than WT antibody.

evaluated. We did not study the binding to FcylA here because
the glycoforms of complex type N-glycans on antibody would
not affect the binding?24. We observed the binding of Fc-SCT
enriched antibodies to FcRs was increased in three tested Fc re-
ceptors (Fig. 7). Among these receptors, the increased binding
of FcyllA and FeyllIA was consistent with previous studies?®2*
(Fig. 7A and 7C). Interestingly, the WT antibody showed very
weak binding to inhibitory receptor FcylIB. Although the
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Figure 7. Improved receptor binding of SCT enriched antibody. The Fcy receptor-coated plate (A, FcyllA; B, FcyllB; C, FeylllA)
was incubated with WT antibody (black) or SCT enriched antibody (red) at indicated concentrations. The binding of antibody was meas-
ured by anti-human IgG Fc antibody conjugated with HRP. The binding of SCT enriched antibody to tested receptors was greatly im-

proved compared with WT.
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engineered N-glycans on AbHC improved binding to FcylIB,
the improvement was less significant than binding to FcyllA
(Fig. 7B). This observation was aligned with the fact that both
FcylIB and a.2-6 sialylation were the key factors in intravenous
Ig (IVIg) treatment-mediated inflammatory suppression®-3¢,
Although the increased binding to the two opposing functional
receptors, FcyllA and FcylIB, which are typically expressed on
the antigen-presenting cells (APCs) simultaneously, appears to
be conflicting, the eventual immune response was determined
by the expression level and signaling strength of FcyllA and
FcylIB on effector cells®. The Fc-SCT enriched antibody also
exhibited stronger FcylllA binding ability than the antibody
produced from wild type cells (Fig. 7C). This enhancement was
mainly contributed by removal of core-fucose!* and addition of
galactoses?®.

Fc-SCT enriched antibody and homogenous Fc-SCT
antibody are similar in functions. Since the binding of Fc-
SCT enriched antibody to FcylllA was elevated, we compared
the binding with the homogeneous Fc-SCT antibody. The result
showed that Fc-SCT enriched antibody exhibited similar bind-
ing avidity to homogenous SCT antibody (Fig. 8A). Then we
further evaluated if the Fc-SCT enriched antibody could evoke
similar effect as homogeneous Fc-SCT antibody in ADCC re-
porter assay®. At the lowest antibody concentration used for in-
duction, WT antibody did not induce any obvious cell activation,
but the homogenous Fc-SCT and Fc-SCT enriched antibodies
can trigger cell activation and rapidly reached a maximum at
next concentration (Fig. 8B). Even at the higher concentration,
the WT antibody can reach a maximum induction, but the ac-
tivity was still much lower than that of homogenous Fc-SCT or
Fc-SCT enriched antibody (Fig 8B). The overall response in-
duced by homogenous Fc-SCT and Fc-SCT enriched antibodies
were also very similar in receptor binding assay (Fig 8B). Thus,
we concluded that the Fc-SCT enriched antibody derived from
glycsylation pathway engineered cells could improve antibody
effector functions in a similar manner as homogenous Fc-SCT
antibody did.

In summary, we have simplified the process in different
ways to generate functional Fc-SCT antibodies and evaluated
the utility. First, we demonstrated that with endoglycosidase S2
or H expressed in the glycosyltranferase KO cells, the glycoen-
gineered cells can produce antibodies with Fc-GIcNAc and the
antibody made by this way can be used for in vitro enzymatic
transglycosylation (Fig. 2-4). This strategy can be applied to en-
gineer other N-glycsoylated proteins to produce GIcNAc-deco-
rated glycoproteins as well (Fig. 5). Second, we knocked out the
core-fucosyltransferase and constitutively expressed the glyco-
sytransferases required for the enrichment of Fc-SCT glycan for
cell-based production of glycoproteins. The Fc-SCT enriched
antibodies generated by these cells (Fig. 6) exhibited similar
FcR binding profiles to homogeneous Fc-SCT antibody and
was able to activate similar effector functions such as ADCC
through binding to FcylllA (Fig. 9). Thus, the cell-based pro-
duction of Fc-GIcNAc and Fc-SCT enriched antibodies may
have the potential advantage of simplifying the production of
therapeutic antibodies with improved effector functions, espe-
cially ADCC, ADCP and vaccinal effect. Work in progress to

evaluate the comparative activities of Fc-SCT enriched anti-
body glycoforms and homogeneous antibody in animals
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HEK 293T cells (ATCC) were cultured in the DMEM (Thermo Fisher) supplied with 10% FBS (Thermo Fisher) at 37°C
with 5% COzin the cell incubator. EXPI293F and EXPI293F GNT1 KO cells (Thermo Fisher) were cultured in the
EXPI1293 expression medium (Thermo Fisher) at 37°C with 8% CO:in the cell incubator.
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Plasmid

The plasmids for CRISPR/Cas9 expression were constructed as kit manual (Thermo Fisher). Briefly, the validated
sgRNA sequence targeting glycosyltransferase' was synthesized (Integrated DNA Technologies) and cloned into the
vector for Cas9 and sgRNA expression. The synthetic codon-optimized gene insert (Integrated DNA Technologies),
flanked by homologous arm of target gene at sgRNA target site, was cloned into empty vector as the donor plasmid.

Transfection
Transfection of 293T cells and EXPI293F cells were mediated by TransIT-293 (Mirus Bio) or expi293fectamine (Thermo
Fisher) following the reagent manual.

Antibody production

The plasmids for antibody chMC81370 were transfected into cells followed by incubation. At the time of harvest, the
culture medium was collected and then subjected to protein A sepharose beads (GE HealthCare) column to purify the
antibody.

Protein gel analysis
The protein was heated at 95°C for 5 mins in the LDS sample buffer supplied with 2-Mercaptoethanol and then subjected
to gel electrophoresis with 12% SDS-PAGE. The protein on gel was stained by coomassie blue buffer (ApexBio).

Enzymatic transglycosylation assay
The antibody was incubated with SCT glycan-oxazoline and Endo S2 mutant in Tris buffer at 37 °C for the time indicated?
before harvest for purification or gel electrophoresis.

Intact protein mass analysis

The samples were diluted with LCMS grade water at a concentration between 5-10uM and analyzed by 6230 TOF LC/MS
with a Dual AJS ESl ion source (Agilent Technologies) with PLRP-S 1000A 5um column (Agilent Technologies). Solvent
A was 0.1% Formic Acid in H20 and Solvent B was 0.1% Formic Acid in ACN.

Glycosidase treatment
The proteins were incubated with alpha-2-3 neuraminidase, neuraminidase, or PNGase F (New England Biolabs) in the
supplied buffer at 37 °C overnight followed by purification or gel electrophoresis.

ELISA binding assay

The recombinant soluble FcyRIIIA (R&D) was coated with 50 ng/well in bicarbonate/carbonate coating buffer (50 mM,
pH. 10) at 4°C overnight before blocking the well by 5% BSA in TPBS (0.05% Tween 20 in PBS) at 4°C overnight. The
antibody was added into wells with final concentration started at 100 pyg/ml with 5x series dilution and incubated at room
temperature for 1 hour followed by incubation with HRP-conjugated goat anti-human IgG antibody (Jackson Immu-
noResearch) for another 1 hour at room temperature. Finally, the TMB substrate (Bethyl Laboratories) was added to react
with HRP at RT prior to stopping the reaction by H2SOa4. The absorbance at 450 nm was detected by SpectraMax M5
spectrum reader (Molecular Device). The wells were washed by TPBS 3-5 times between each step.

ADCC reporter assay

ADCC reporter assay (Promega) was performed as kit manual. Briefly, the SSEA4 expressing target cells SK-OV3® was
seeded into 96-well plate followed by addition of antibody with final concentration started at 1  g/ml with 5x series dilution.
Then the FcyRIIIA expressing effector cells (effector: target cell ratio, 6:1) was added and incubated with target cells in
the incubator at 37 °C for 6 hrs. The plate was placed at room temperature for 15 min prior to adding the luciferase
substrate. After 5 min incubation, the luminescence was measured by SpectraMax M5 spectrum reader. The induction
fold was calculated by RLU (induced—background) /RLU (no antibody control-background).

Glycoform analysis

The FASP (filter-aided sample preparation) method* was used for in-solution protease digestion. Briefly, 5 ug of protein
samples were loaded onto filter units (Microcon YM-30) and mixed with 100 pl of 8 M urea in 0.1 M Tris-HCI pH 8.5 (UB)
each for protein denaturation. The filter units were centrifugated with 14,000 x g for ~30 min until the solution was removed,
followed by the addition of 100 ul of 25 mM DTT in UB each for protein reduction, and incubated at room temperature for
10 min. After centrifugation with 14,000 x g for ~30 min to remove the DTT solution, 100 ul of 50 mM iodoacetamide in
UB was added to each sample for alkylation, and the filter units were incubated in the dark for 10 min, followed by
centrifugation to remove iodoacetamide solution. To each filter unit, 100 pl of UB was added again. After another centrif-
ugation to remove the solution, 100 pl of 50 mM ammonium bicarbonate in water (ABC) was added to change the buffer
system to ABC for in-solution protease digestion. After centrifugation to remove the solution, 40 pl of ABC with 0.1 ug
Trypsin/Lys-C Mix (Promega, sequencing grade) was added to each sample and incubated in a wet chamber at 37°C
overnight. The digested peptides in samples were spun to collection tubes, and an additional rinse with 40 ul ABC for
each sample was performed. The filter units were centrifuged at 14,000 x g for 10 min to collect the flow-through, which
contains digested peptides. Samples were acidified with FA to a final concentration of 0.1%. The peptide samples were
dried in a SpeedVac evaporator, and stored at -20°C until analysis with LC-MS/MS.
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Samples were analyzed using the LC-ESI-MS method on an Orbitrap Fusion mass spectrometer (Thermo Fisher
Scientific, San Jose, CA) equipped with an EASY-nLC 1200 system (Thermo, San Jose, CA, US) and an EASY-spray
source (Thermo, San Jose, CA, US). A 5 pl digestion solution was injected at a flow rate of 1 pl/min onto an easy column
(C18, 0.075 mm x 150 mm, ID 3 ym; Thermo Scientific). Chromatographic separation utilized 0.1% formic acid in water
as mobile phase A and 0.1% formic acid in 80% acetonitrile as mobile phase B, operated at a flow rate of 300 nl/min. The
gradient employed was from 5% buffer B at 2 min to 60% buffer B at 55 min. For full-scan MS, the conditions included a
mass range of m/z 375-1800 (AGC target 5E5) with a lock mass, resolution set at 60,000 at m/z 200, and a maximum
injection time of 50 ms. MS/MS was conducted in top speed mode with 3 s cycles using both CID and HCD, with a
dynamic exclusion duration of 60 s and a 10 ppm tolerance around the selected precursor and its isotopes. The elec-
trospray voltage was maintained at 1.8 kV, and the capillary temperature was set to 275°C.

Byonic software version 4.2.10 (Protein Metric) was used for the identification of summary formulas of glycans as-
sociated with glycopeptides. The glycan database contained 132 entries, and the parameters used were: precursor mass
tolerance of 10 ppm, fragment mass tolerance of 0.5 Da, maximum missed cleavages set to 5, and cysteine carbami-
domethylation and methionine oxidation considered."
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Figure S1. The survival curve of the GNT1-KO EXPI293F cells after CRISPR/Cas9 and Endo H (left) or Endo S2 (right)
donor plasmid cotransfection.
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Figure S2. The glycoform analysis of chMC81370 antibody expressed by GNT1 KO and engineered GNT1 KO
EXPI1293 cells.
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Figure S3. The glycoform analysis of chMC81370 antibody expressed by WT or engineered 293T cells.
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Figure S4. The IPM analysis of chMC81370 antibody expressed by FUT 8KO/B4GalT1 KI 293T cells
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Figure S5. The IPM analysis of chMC81370 antibody expressed by untreated, hB4Gal1 transiently overexpressed, and
hST6GalT1 transiently overexpressed, engineered 293T cells.
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Figure S6. The IPM analysis of chMC81370 antibody expressed by multiple engineered (A) and FUT8 KO (B) cells at
different collection time point.
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