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LACTOSE AND HUMAN MILK OLIGOSACCHARIDES (HMOS)
PRODUCTION IN CELLS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority of Singapore patent application No.
10202114129T, filed 20 December 2021, the contents of it being hereby incorporated by reference in
its entirety for all purposes.
FIELD OF THE INVENTION
[0002] The present invention relates to the field of molecular biology and cell biology. In particular,
the present invention relates to the production of lactose and human milk oligosaccharides (HMOs) in
cells.
BACKGROUND
[0003] Human milk and cow milk contain similar amounts of lactose which is the major energy source
for new-borns. However, human milk contains high concentrations of oligosaccharides that are missing
in cow milk and other milk obtained from farmed animals. More than 130 types of human milk
oligosaccharides (HMOs) have been described with about 15 of them being highly abundant in human
milk. Studies have shown that human milk oligosaccharides (HMOs) can modulate the infant’s
microbiota, immune system and brain development. It has been observed that breastfed babies have a
much higher chance of survival and lower incidences of disease compared to bottle-fed babies.
[0004] To improve the nutritional profile of baby milk powder, human milk oligosaccharides (HMOs)
are commonly added to milk powder during manufacture. For example, companies add 2’-
fucosyllactose (2°-FL) to baby milk powder which is the most abundant human milk oligosaccharides
(HMOs) found in human milk. However, the development and production of other abundant human
milk oligosaccharides (HMOs) remains unsuccessful.
[0005] Conventionally, 2’-FL that was added to baby milk powder is produced in microorganisms such
as fungi and bacteria. It is challenging to produce other human milk oligosaccharides (HMOs) in fungi,
in particular for those with higher structural complexity. Therefore, an object of the present invention
is the production of human milk oligosaccharides (HMOs) using expression systems such as
mammalian cells.
SUMMARY OF INVENTION
[0006] In one aspect, the present disclosure refers to a recombinant cell for producing lactose, wherein
said recombinant cell comprises one or more expression construct that encodes an alpha-lactalbumin
(LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1).
[0007] In another aspect, the present disclosure refers to a composition comprising one or more
expression construct, wherein the expression construct comprises polynucleotides encoding an alpha-

lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1).
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[0008] In another aspect, the present disclosure refers to a method of producing lactose using the
recombinant cell as disclosed herein, wherein the method comprises the steps of: i) culturing the
recombinant cell of any one of the preceding claims, and ii) detecting lactose from the recombinant cell
ini).
[0009] In another aspect, the present disclosure refers to a cell culture comprising the cell as disclosed
herein and a culture medium.
[00010]In yet another aspect, the present disclosure refers to a cryopreserved cell culture comprising
the cell as disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[00011]Figure 1 shows the different subcellular localizations of GFP and Glucose Transporter 1
(GLUT1) fusion proteins in mammalian cells. Lactose synthesis takes place in the Golgi of the
mammary gland epithelial cells with the functions of lactose synthase (LS) heterodimer o-Lactalbumin
(LALBA) and B-1,4-galactosyltransferase (B4GalT1). One of starting materials for lactose synthesis,
glucose, is transported by glucose transporters in cells. However, glucose transporter 1 (GLUT]I) is
normally expressed on the cell surface. Thus, GLUT1 variants were generated to identify a suitable
variant that remains in the ER or Golgi apparatus, instead of being translocated to the cell membrane
Figure 1A and Figure1C show localization of Golgi in Chinese Hamster Ovary (CHO) cells grown in
suspension culture. Fluorescent microscopic image of GFP-GLUT1 (GFP fused at the N-terminus of
huGLUT1) as shown in Figure 1B is mostly localized to the cell membrane whereas GLUT1-GFP (GFP
fused at the C-terminus of huGLUT1) in Figure 1D is only partially localized to the cell membrane in
CHO cells grown in suspension culture.
[00012] Figure 2 provides fluorescent confocal microscopic images showing cellular localizations of
additional variants of the GLUT1/GFP fusion proteins. The tested variants comprise: LGCT: a full-
length human GLUT1 with a C-terminal fusion of GFP; LGNT: a full-length human GLUT1 with an
N-terminal fusion of GFP; ST2: a full-length human GLUT1 with an N-terminal fusion of GFP and an
ER retention signal (obtained from human Glucose Transporter 2, having the sequence of LLTKVKGS
(SEQ ID NO: 30)); ST3: a full-length human GLUT1 with an N-terminal fusion of GFP and a Golgi
retention signal (obtained from the C-terminal 18 amino acids of human CMP-sialic acid transporter
(CST), having the sequence of TTSIQQGETASKERVIGV (SEQ ID NO: 32); ST5: a truncated human
GLUT1 with an N-terminal fusion of GFP; ST7: a full-length human GLUT1 with an N-terminal fusion
of GFP and a C-terminal ER retention signal; ST4: a full-length human GLUT1 with an N-terminal
fusion of GFP and a C-terminal Golgi retention signal; and ST6: a truncated human GLUT1 with an N-
terminal fusion of GFP and a C-terminal Golgi retention signal. According to Figure 2, the exemplary
variants show various degree of co-localisation between the GLUT1/GFP fusion proteins and the Golgi
marker to carry out the desired function of transporting glucose into the ER and Golgi apparatus. In
particular, ST7, STS, and ST6 show high co-localisation between GLUT1/GFP fusion proteins and the
Golgi marker, indicating retention of GLUT 1/GFP fusion protein in the Golgi apparatus.
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[00013]Figure 3 provides Liquid Chromatography—Mass Spectrometry (LC-MS) results showing
lactose synthesis in cultured recombinant cells. The recombinant cells express o-Lactalbumin
(LALBA), B-1,4-galactosyltransferase (B4GalT1), or glucose transporter GLUTI, or combinations
thereof. Conditioned media culturing recombinant cells is analysed with Liquid Chromatography—Mass
Spectrometry against a lactose standard control. The top panel shows the standard peak for lactose when
analysed using the same LC-MS procedure. Cells expressing alpha-lactalbumin (LALBA) or
galactosyltransferase (B4GalT1) alone do not produce detectable lactose. As shown in the two panels
at the bottom, the same lactose peak can be detected in the cultured Chinese Hamster Ovary (CHO)
cells that were transfected with B4GalT1+LALAB+GFP-GLUT1(LGNT), or B4GalT1+LALBA
constructs. Both B4GalT1 and LALBA are required for lactose synthesis in mammalian cells.
Interestingly, sucrose was also produced in CHO cells (the peak on the left side of the lactose peak).
[00014] Figure 4 confirms the identity of the synthesized product using the Liquid Chromatography—
Mass Spectrometry (LC-MS) following the identification of lactose produced by the recombinant cells
as described herein. The conditioned medium that contained lactose after culturing the CHO cells
expressing the lactose synthesis constructs was treated with -galactosidase, which specifically digests
lactose. As shown in the top panel of Figure 4, after the treatment, the lactose peak disappeared, whereas
the sucrose peak remained unchanged. The disappearance of the lactose peak in LC-MS graph after
treatment of lactose digesting enzyme confirms the synthesis of lactose by recombinant cells.

[00015] Figure S provides a quantitative comparison of lactose product by different combinations of
constructs. The schematics of Figure SA provide an overview of the constructs and the combination of
constructs for each transfection tested, including combinations including LALBA and B4GalT1, with
or without GLUT1 variants. The quantitative results of lactose production in each stably transfected
pool are shown in Figure 5B. The concentrations of lactose were determined by the K-LOLAC lactose
assay kit. As can be seen from Figure 5B, all of these constructs are capable of producing Lactose,
compared to the negative controls (LALBA or B4GalT1 alone). CT+GL constructs (C-terminus tagged
full-length huGLUT1, LALBA and B4GalT1) produced the highest amount of lactose compared to
other tested combinations, followed by ST7+GL.

[00016] Figure 6 shows the identification of the putative human milk oligosaccharides (HMOs) in
recombinant cells expressing huGLUT1, B4GalT1 and LALBA. Hitchhiking the internal cellular
mechanism, the recombinant cells are able to convert the produced lactose into oligosaccharides.
Monosaccharides and polysaccharides present in the conditioned media were captured and purified with
BlotGlyco Kit, labeled with 2-AB, were analyzed with a liquid chromatography quadrupole time-of-
flight mass spectrometry (LC-FLD-QTOF). Two samples were analysed, the Control (C1) medium
(untransfected CHO cells), and the Sample (S) medium (CHO cells transfected with huGLUT1,
B4GalT1 and LALBA). Three different amounts of Sample S were analysed, S1 (20ul), S2 (80ul) and
S3 (160ul). In Figure 6A, similar amounts of glucose were detected in both the Control and the Sample

(Cand S1-3). Lactose was detected only in the Sample, not in the Control in Figure 6B. Higher amounts
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of lactose were detected when more sample were used in the analysis. According to Figure 6C, Sialyl-
lactose was detected in the Sample, but not in the Control. Similarly, Figure 6D- Figure 6H, show that
five other different putative HMOs were detected in the Sample, not in the Control. Based on Figure
6H, apart from the commonly found milk oligosaccharides identified above, other milk oligosaccharides
are produced as well (arrows). A summary of the identified polysaccharides produced by CHO cells
transfected with huGLUTI1, B4GalT1 and LALBA is provided in Figure 6I. The identities of the
products in Figures 6A-6H respectively are: 6A: glucose; 6B: lactose; 6C: sialyl-lactose; 6D: putative
Lacto-n-neotatraose (LNnT) oligosaccharide (4 sugars); 6E: putative sialyl-LNnT (4 sugars + sialic
acid); 6F: putative para-lacto-N-hexaose (Para-LNH) (6 sugars); 6G: putative sialyl-para-LNH (6
sugars + sialic acid); and 6H: putative para-lacto-N-octaose (8 sugars). Hence, the recombinant cells
comprising the expression constructs as described herein are able to produce human milk
oligosaccharides.

[00017]Figure 7 shows the further confirmation of putative HMOs produced by a CHO-K-ST7 stable
cell line. Figure 7A provides a Liquid Chromatography Fluorescence Detector (LC-FLD)
chromatogram showing a peak at 3.6 min which was putatively identified as 2-AB labelled sialyllactose,
based on known calculated retention times of HMOs. A further detailed fragmentation pattern of the
oligosaccharide as shown in Figure 7B confirms that the putative structure is sialyllactose (3’-
Sialyllactose (3’SL) or 6’-Sialyllactose (6’SL)). Figure 7C provides a LC-FLD chromatogram having
a peak at 3.8 min which was putatively identified as 2-AB labelled Lacto-n-neotatraose (LNnT), based
on known calculated retention times of HMOs. In addition, Figure 7D provides a further detailed
fragmentation pattern of the oligosaccharide LNnT showing individual monosaccharides. These
experiments confirmed the presence of known human milk oligosaccharides (HMOs) produced by
recombinant CHO cells.

[00018]Figure 8 provides exemplary schematics showing the expression constructs used in the
Examples to produce lactose and HMOs, and the controls used, respectively. Figure 8A-8I each
comprise the vector maps of a single mammalian expression vector showing the individual components
and their relative positioning within the vector. The respective vectors are, from Figure 8A-8I,
respectively: 1. hLALBA-B4AGALT1-hGLUT1-GFP (CT); 2. hB4GALT1-hLALBA; 3. hLALBA-
B4GALTI1-GFP-hGLUTI1-ER (ST7); 4. hLALBA-B4GALTI1-GFP-hGLUT1 (NT/LGNT); 5.
hLALBA (negative control); 6. B4GALT]I (negative control); 7. hLALBA-B4GALT1-GFP-hGLUT1A
(ST5); 8. hLALBA-B4GALT1-GFP-hGLUT1A-golgi (ST6); 9. hALALBA-B4GALT1-GFP-hGLUTI1A-
golgi (ST4).

[00019] Figure 9 provides exemplary nucleic acid sequence of the expressed proteins used in the
Examples to produce lactose and HMOs, including human LALBA, human B4GalT1, and human
GLUT1.
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DEFINITIONS
[00020] As used herein, the term “recombinant cell” refers to a cell that that is made by combining
genetic material from two or more different sources. Recombination is a process by which pieces of
genetic material are broken and recombined to produce new combinations of alleles. The process of
recombination can happen both naturally or engineered artificially in the laboratory. One example of
naturally occurring recombination is meiosis, where the homologous pairs of maternal and paternal
chromosomes align and crossover, causing exchange of genetic material between the maternal and
paternal chromosomes. As a result, offspring can have different combinations of genes than their
parents. The genetic engineering of cells in the laboratory allows manipulation of genetic material such
as DNA. In particular, genetic manipulation introduces exogenous genetic material into the host cell,
thereby altering the characteristics of the host cell. Methods of genetic manipulation are known in the
art, for example, virus transfection, electroporation, or microinjection. Recombinant cells as referred to
herein can be, but are not limited to mammalian cells, fungi cells, insect cells, plant cells or bacterial
cells.
[00021] As used herein, the term “lactose” refers to a disaccharide sugar synthesized by one galactose
and one glucose subunit which form a B-1—4 glycosidic linkage. Lactose makes up around 2-8% of
milk (by mass).
[00022] As used herein, the term “milk oligosaccharides” refers to unconjugated glycan/carbohydrates,
which are found primarily in breast milk. Oligosaccharides are the third most abundant component in
human milk. It is widely accepted that they play several important protective, physiological, and
biological roles, including selective growth stimulation of beneficial gut microbiota, inhibition of
pathogen adhesion, and immune modulation.
[00023] As used herein, the term “human milk oligosaccharides (HMOs)” refers to milk
oligosaccharides that are isolated or obtained from human breast milk. Human milk oligosaccharides
(HMOs) are made of linear or branched monosaccharides, such as galactose, glucose, N-
acetylglucosamine, fucose, and sialic acid, varying in size from 3 to 22 monosaccharide units. In
contrast to the milk of other mammals, human breast milk contains a very high amount and a structurally
diverse set of oligosaccharides that even exceeds the protein content of breast milk. Commonly found
human milk oligosaccharides (HMOs) include, for example, 2'-Fucosyllactose (2'-FL), 3'-
Fucosyllactose (3'-FL), Lacto-N-tetraose (LNT), Lacto-N-neotetraose (LNnT), Lacto-N-fucopentaose
I (LNFPI), Lacto-N-fucopentaose II (LNFPII), Lacto-N-fucopentaose III (LNFPIII), 3'-Sialyllactose
(3'-SL), 6'-Sialyllactose (6'-SL), Sialyllacto-N-tetraose (a) (LSTa), Sialyllacto-N-tetraose (b) (LSTb),
Sialyllacto-N-tetraose  (c¢) (LSTc), 6'-Sialyllactosamine (6' SLN), Disialyllactose (DSL),
Disialyllactose-N-tetraose (DSLNT), o-3'-Galactosyllactose (03'-GL), B-3'-Galactosyllactose (p3'-
GL), B-4'-Galactosyllactose (4'-GL), B-6'-Galactosyllactose (6'-GL), o-3'-N-
acetylgalactosaminyllactose (0-3'-GalNAcL), Lacto-N-difucohexaose 1 (LNDFH-I), Lacto-N-
neohexaose (LNnH), Lacto-N-hexaose (LNH), and 6'-N-Acetyl-glucosaminyl-lactose (NAL).
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[00024] As used herein, the term “expression construct” or “expression vector” refers to a plasmid or
virus designed for gene expression in cells. The vector is used to introduce a specific gene into a target
cell, and can commandeer the cell's mechanism for protein synthesis to produce the protein encoded by
the gene. Expression vectors are the basic tools in biotechnology for the production of proteins. An
expression vector has features that any vector may have, such as an origin of replication, a selectable
marker, and a suitable site for the insertion of a gene like the multiple cloning site. The vector is typically
engineered to contain elements necessary for gene expression. Such elements may include a promoter,
the correct translation initiation sequence such as a ribosomal binding site and start codon, a termination
codon, and a transcription termination sequence. There are differences in the machinery for protein
synthesis between prokaryotes and eukaryotes, therefore the expression vectors must have the elements
for expression that are appropriate for the chosen host. The expression vector is transformed or
transfected into the host cell for protein synthesis. Thus, some expression vectors may have elements
for transformation or the insertion of DNA into the host chromosome, for example the vir genes for
plant transformation, and integrase sites for chromosomal integration.

[00025] As used herein, the term “alpha-Lactalbumin (LALBA)” or “o-Lactalbumin (LALBA)” refers
to a protein encoded by the LALBA gene. a-Lactalbumin is a protein that regulates the production of
lactose in the milk of almost all mammalian species. In primates, alpha-lactalbumin expression is
upregulated in response to the hormone prolactin and increases the production of lactose. a-Lactalbumin
forms the regulatory subunit of the lactose synthase (LS) heterodimer while p-1,4-galactosyltransferase
(B4GalT1) forms the catalytic component. Together, these proteins enable LS to produce lactose by
transferring galactose moieties to glucose.

[00026]As wused herein, the term “beta-1,4-galactosyltransferase 1 (B4GalT1)” or “B-1,4-
galactosyltransferase (B4GalT1)” refers to a type II membrane-bound glycoprotein that appear to have
exclusive specificity for the donor substrate UDP-galactose. The glycoprotein transfers galactose in a
B-1,4-linkage to similar acceptor sugars, such as GlcNAc, Glucose, and Xylose.

[00027] As used herein, the term “glucose transporter (GLUT)” refers to a wide group of membrane
proteins that facilitate the transport of glucose across the plasma membrane, a process known as
facilitated diffusion. The GLUT or SLC2A family are a protein family that is found in most mammalian
cells. GLUTs are integral membrane protein that contains 12 membrane-spanning helices with both the
amino and carboxyl termini exposed on the cytoplasmic side of the plasma membrane. GLUT proteins
transport glucose and related hexoses according to a model of alternate conformation, which predicts
that the transporter exposes a single substrate binding site toward either the outside or the inside of the
cell. Binding of glucose to one site provokes a conformational change associated with transport, and
releases glucose to the other side of the membrane. The inner and outer glucose-binding sites are
predicted to be located in transmembrane segments 9, 10, 11 Also, the DLS motif located in the seventh
transmembrane segment is potentially involved in the selection and affinity of transported substrates.

Fourteen GLUTs are encoded by human genome, such as glucose transporter 1 (GLUT1), a glucose
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transporter 8 (GLUTS8), a glucose transporter 12 (GLUT12), and a sodium-glucose transporter
(SGLT1). Each glucose transporter isoform plays a specific role in glucose metabolism determined by
its pattern of tissue expression, substrate specificity, transport kinetics, and regulated expression in
different physiological conditions.

[00028] As used herein, the term “GLUT1” refers to glucose transporter 1, a well-characterised isoform
of the GLUT protein family. GLUT]1 is widely distributed in fetal tissues. In the adult, it is expressed
at highest levels in erythrocytes and also in the endothelial cells of barrier tissues such as the blood—
brain barrier. However, it is responsible for the low level of basal glucose uptake required to sustain
respiration in all cells.

[00029] As used herein, the term “fluorescence protein” refers to proteins that are members of a
structurally homologous class that share the unique property of being self-sufficient to form a visible
wavelength chromophore from a sequence of 3 amino acids within their own polypeptide sequence. It
is common research practice for biologists to introduce a gene (or a gene chimera) encoding an
engineered fluorescent protein into living cells and subsequently visualize the location and dynamics of
the gene product using fluorescence microscopy. Through extensive engineering, a wide range of
fluorescence proteins are developed with various excitation and emission wavelengths, maturation rate,
and sizes. Fluorescent proteins commonly used in research includes, for example, Green Fluorescent
Proteins (GFP), Red Fluorescent Proteins (RFP), and Yellow Fluorescent Proteins (YFP).

[00030]As used herein, the term “Endoplasmic Reticulum (ER) localization sequence” or
“Endoplasmic Reticulum (ER) retention sequence” refers to a sequence that allows a protein to localize
within Endoplasmic Reticulum. Protein localization to the ER often depends on certain sequences of
amino acids located at the N terminus or C terminus, which are known as signal peptides, molecular
signatures, or sorting signals. The classical ER retention signal is the C-terminal KDEL sequence for
lumen bound proteins and KKXX (signal sequence is located in cytoplasm) for transmembrane
localization. These signals allow for retrieval from the Golgi apparatus by ER retention receptors,
effectively maintaining the protein in the ER. For example, as used herein, the ER localization sequence
is LLTKVKGS (SEQ ID NO: 30) (exemplary nucleic acid sequence:
CTGCTGACCAAGGTGAAGGGCTCC (SEQ ID NO: 10)). Other sequences can be used for ER
retention of proteins are known in the art.

[00031] As used herein, the term “Golgi localization sequence” or “Golgi retention sequence” refers to
a sequence that allows a protein to localize within the Golgi apparatus. For example, as used herein, the
Golgi localization sequence is PRQDTTSIQQGETASKERVIGYV (SEQ ID NO: 31) (exemplary nucleic
acid sequence can be:
CCCAGACAAGACACTACATCCATCCAACAAGGAGAAACAGCTTCAAAGGAGAGAGTTAT
TGGTGTG (SEQ ID NO: 11), or TTSIQQGETASKERVIGV (SEQ ID NO: 32). Unlike ER retention
of proteins, which shares a consensus signal sequence, protein retention in Golgi develops more

dynamic and diverse mechanisms. Other sequences can be used for Golgi retention of proteins and are
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known in the art, such as the direct or indirect associations of protein’s transmembrane domain or motif
with a COPI-coatomer.

[00032] As used herein, the term “selectable marker” refers to genes that help identify host cells that
have successfully transformed, or taken up the recombinant plasmid. Selectable marker genes are a vital
part of most transformation protocols. They are delivered alongside the gene of interest, either on the
same plasmid or on a separate plasmid. A wide range of selectable marker regimes is available and is
particularly important in species where transformation efficiencies are low. Selectable marker genes
can be categorized into those based on resistance genes that confer the ability to grow in the presence
of toxic compounds such as antibiotics or herbicides which kill or otherwise compromise untransformed
tissue (negative selection). Commonly used negative selection markers include antibiotic resistance
gene marker in combination with antibiotic compounds, for example, kanamycin, ampicillin, or
hygromycin. Alternatively, a range of positive selection systems are available which provide
transformed tissues with an enhanced ability to utilize, e.g., an unusual carbohydrate or amino acid
supply and thus enrich the culture for transformed tissue expressing the marker gene. For example,
glutamine synthetase (GS) selection system, or dihydrofolate reductase (DHFR) selection system.
[00033] As used herein, the term “sequence identity” refers to the percentage of similarity between a
pair of sequences. The sequence identity applies to either protein or peptide sequence, or
polynucleotides. The sequence identity between two sequences can be, for example, 90%, 95%, 98%,
99% or 100%. The higher the percentage of similarity is, the more the two sequences have in common

in their sequences. Two sequences are completely identical if the sequence identity is 100%.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[00034] The following detailed description is merely exemplary in nature and is not intended to limit
the invention or the application and uses of the invention. Furthermore, there is no intention to be bound
by any theory presented in the preceding background of the invention or the following detailed
description. It is an object of this invention to produce human milk oligosaccharides (HMOs) using
mammalian system, and the expression vectors, polynucleotides, and recombinant cells for the
production of HMOs thereof.

[00035] All HMOs are derivatives of lactose. Biosynthesis of lactose takes place in the Golgi apparatus
of human mammary epithelial cells (MEC). The lactose synthase (LS) enzyme synthesizes lactose
(galactose B-1,4-glucose) from UDP-galactose and glucose. Lactose synthesis takes place in the Golgi
apparatus of mammary gland epithelial cells. The LS is an enzymatic complex of galactosyltransferase
(B4GalT1) and alpha-lactalbumin (LALBA). LALBA is only found in mammary epithelial cells and
can increase the affinity of B4GalT1 for glucose by 1000-fold. Therefore, LALBA enables B4GalT1 to
add galactose from UDP-galactose to glucose even at low concentrations of glucose. In addition,
glucose transporters can transport glucose into the Golgi apparatus, which increases the amount of

glucose in the Golgi apparatus.
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[00036] In one aspect, the disclosure provides a recombinant cell for producing lactose. In one
embodiment, the recombinant cell is a mammalian cell. In one example, the recombinant cell is a stable
cell line. In a further example, the recombinant cell is a Chinese Hamster Ovary (CHO) cell. In yet a
further example, the recombinant cell is a CHO-K1 cell line. A person skilled in the art would appreciate
that the recombinant cell is a cell that allows stable expression of recombinant proteins, for example,
HeLa, HEK293T, U20S, A549, HT1080, CAD, P19, NIH3T3, L929, N2a, MCF-7, Y79, SO-Rb50,
Hep G2, DUKX-X11, J558L, or Baby hamster kidney (BHK) cells.

[00037]In one embodiment, the recombinant cell comprises one or more expression construct(s). It is
understood by a person skilled in the art that the expression construct is for the purpose of expressing
recombinant proteins. In one example, the expression construct is a plasmid vector. In another example,
the expression constructs may comprise a vector backbone, one or more of any one of the following:
origins of replication, a selection marker, a reporter (for example, a fluorescent protein), a promoter, an
internal ribosome entry site (IRES), a linker sequence, and multiple cloning sites. The general setup of
such expression constructs is known in the art. In another example, the expression construct is a
mammalian expression construct. In another example, the expression construct comprises one or more
promoters that can drive gene expression in mammalian cells. Commonly used vector for expression of
recombinant protein is known in the art, and are usually commercially available, for example,
pcDNA3.1, pGenLenti, and pCMV.

[00038]In one embodiment, the recombinant cell comprises one or more expression constructs that
encode an alpha-lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1). In one
example, the alpha-lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1) are
encoded within the same construct. In another example, the alpha-lactalbumin (LALBA) and a beta-
1,4-galactosyltransferase 1 (B4GalT1) are encoded in separate constructs. In another example, the
alpha-lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1) encoded in the
expression construct are of mammalian origin. In a further example, the alpha-lactalbumin (LALBA)
and a beta-1,4-galactosyltransferase 1 (B4GalT1) encoded in the expression construct are of human
origin. In a further example, the alpha-lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1
(B4GalT1) encoded in the expression construct are from a hamster. In yet another example, the alpha-
lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1) encoded in the expression
construct are from the same species. In yet another example, the alpha-lactalbumin (LALBA) and a
beta-1,4-galactosyltransferase 1 (B4GalT1) encoded in the expression construct are from the same
genus. In yet another example, the alpha-lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1
(B4GalT1) encoded in the expression construct are from different species. The alpha-lactalbumin
(LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1) encoded in the expression construct may
be expressed under the control of the same promoter, or different promoters. The alpha-lactalbumin

(LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1) encoded in the expression construct may
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be tagged or untagged, by a reporter. In one example, the reporter is a fluorescent protein. In a further
example, the fluorescent protein is a Green Fluorescent Protein (GFP).

[00039] In one embodiment, the disclosure provides a recombinant cell for producing lactose, wherein
said recombinant cell comprises one or more expression constructs that encode an alpha-lactalbumin
(LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1). In one example, the alpha-lactalbumin
(LALBA) encoded in the expression construct has a nucleic acid sequence of SEQ ID NO: 1. In another
example, beta-1,4-galactosyltransferase 1 (B4GalT1) encoded in the expression construct has a nucleic
acid sequence of SEQ ID NO: 2. In another example, the alpha-lactalbumin (LALBA) encoded in the
expression construct has a nucleic acid sequence that is 90%, 95%, 96%, 97%, 98%, 99%, or 99.9%
identical to SEQ ID NO: 1. In another example, the beta-1,4-galactosyltransferase 1 (B4GalT1)
encoded in the expression construct has a nucleic acid sequence that is 90%, 95%, 96%, 97%, 98%,
99%, or 99.9% identical to SEQ ID NO: 2. Irrespective of the sequence identity percentage, the alpha-
lactalbumin (LALBA) and the beta-1,4-galactosyltransferase 1 (B4GalT1) are capable of lactose
synthesis.

[00040]In another embodiment, the disclosure provides a recombinant cell for producing lactose,
wherein the recombinant cell further comprises a glucose transporter. In one example, the recombinant
cell further comprises an expression construct encoding the glucose transporter. In another example,
the glucose transporter is encoded in the same expression construct with one or more expression
constructs that encode an alpha-lactalbumin (LALBA) or a beta-1,4-galactosyltransferase 1 (B4GalT1),
or both. In one example, the sequences encoding alpha-lactalbumin (LALBA), beta-1,4-
galactosyltransferase 1 (B4GalT1), glucose transporter, and combinations thereof, are engineered in at
least one, at least two, at least three or at least four expression constructs. In one example, the glucose
transporter is a mammalian glucose transporter. In another example, the glucose transporter is a human
glucose transporter. In a further example, the glucose transporter is from GLUT family. In another
example, the glucose transporter is selected from any one of the following: GLUT 1, GLUT2, GLUT3,
GLUT4, GLUTS, GLUT6, GLUT7, GLUTS, GLUT9, GLUT10, GLUTI11, GLUT12, HMIT (H+
driven myoinositol transporter, also GLUT13), GLUT14, and sodium-glucose transporter (SGLT1). In
yet another example, the glucose transporter is GLUT1. In one example, the glucose transporter has a
nucleic acid sequence of SEQ ID NO: 3. In another example, the glucose transporter encoded in the
expression construct has a nucleic acid sequence that is 90%, 95%, 96%, 97%, 98%, 99%, or 99.9%
identical to SEQ ID NO: 3. Irrespective of the sequence identity percentage, the glucose transporter is
capable of transporting glucose.

[00041] In one example, the glucose transporter comprised in the expression construct is a wild-type
glucose transporter. In another example, the glucose transporter comprised in the expression construct
is an engineered glucose transporter. As shown in Figure 1B and Figure 1D, the glucose transporter
GLUT]1 can be fused with a N-terminal or C-terminal Green Fluorescent Protein (GFP). The additional

fusion protein may affect the subcellular localisation of the GLUT1 expressed in cells. Preferably, the

10



WO 2023/121564 PCT/SG2022/050919

GFP is tagged to GLUT1 on the C-terminal, which enriched the GLUT1 expressed in the Golgi
apparatus or the ER. Other examples of engineering of GLUT1 are shown in Figure 2. In one example,
a full-length glucose transporter protein can be fused with a reporter protein at the N-terminal or the C-
terminal. Additional signal sequences, such as Golgi retention sequence, or ER retention sequence, can
be fused with the glucose transporter/reporter fusion protein. In one example, the signal sequences are
fused at the C-terminal of the glucose transporter/reporter fusion protein. In one example, the ER
retention sequence is LLTKVKGS (SEQ ID NO: 30). In another example, the Golgi retention sequence
is PRQDTTSIQQGETASKERVIGV (SEQ ID NO: 31) or TTSIQQGETASKERVIGV (SEQ ID NO:
32).

[00042]In another example, a C-terminal truncated glucose transporter is used. In one example, the
truncated glucose transporter has a nucleic acid sequence of SEQ ID NO: 4. In another example, the
truncated glucose transporter encoded in the expression construct has a nucleic acid sequence that is
90%, 95%, 96%, 97%, 98%, 99%, or 99.9% identical to SEQ ID NO: 4. Irrespective of the sequence
identity percentage, the truncated glucose transporter is capable of transporting glucose.

[00043] As shown in Figure 3, recombinant cells comprise expression constructs comprising an alpha-
lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1) which produce lactose. In
another example, recombinant cells comprise expression constructs comprising alpha-lactalbumin
(LALBA), a beta-1,4-galactosyltransferase 1 (B4GalT1) and an exemplary glucose transporter GLUT1
which also produces lactose. The production of lactose is confirmed as shown in Figure 4, which
digested the lactose produced using the recombinant cells as disclosed herein with beta-galactosidase.

[00044] Various combinations of the expression constructs in the recombinant cells are tested as shown
in Figure 4A. To select for the recombinant cells expressing the expression constructs, sequence
encoding one or more selective markers are comprised in the expression construct(s). Methods and
systems for selecting cells based on selective markers are known by a person skilled in the art. A person
skilled in the art would appreciate that the host cells used in combination with a particular selectable
marker may contain necessary mutation(s) to enable the selection of successful transfectants. In one
example, the selection is based on glutamine synthetase (GS) system. The selective marker sequence
can be a nucleic acid sequence encoding a glutamine synthetase (GS) while the recombinant cell
comprises a glutamine synthetase (GS)-knockout mutation (CHO GS™) that provides disadvantage in
survival for cells without the expression construct expressing the glutamine synthetase (GS). In another
example, the selectable marker encodes dihydrofolate reductase (DHFR). In yet another example, the
selectable marker encodes an antibiotic compound resistant marker. In a further example, the antibiotic
compound can be a hygromycin B (O-6-Amino-6-deoxy-L-glycero-D-galacto-heptopyranosylidene-(1-
2-3)-O-B-D-talopyranosyl(1-5)-2-deoxy-N3-methyl-D-streptamine), an ampicillin ((2S,5R,6R)-6-
([(2R)-2-amino-2-phenylacetyl]Jamino) -3,3-dimethyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid), or a kanamycin (2-(aminomethyl)- 6-[4,6-diamino-3- [4-amino-3,5-dihydroxy-6-

(hydroxymethyl) tetrahydropyran-2-ylJoxy- 2-hydroxy- cyclohexoxy]- tetrahydropyran- 3,4,5-triol).
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[00045]In one example, the recombinant cell comprises: an expression construct that encodes an alpha-
lactalbumin (LALBA), a beta-1,4-galactosyltransferase 1 (B4GalT1), a glucose transporter 1 (GLUT1),
and a marker protein, wherein C-terminus of LALBA is linked to N-terminus of B4GalT1, C-terminus
of B4GalT1 is linked to N-terminus of GLUT1, and C-terminus of GLUT1 is fused to N-terminus of
the marker protein, and an expression construct that encodes a beta-1,4-galactosyltransferase 1
(B4GalT1) and an alpha-lactalbumin (LALBA), wherein C-terminus of B4GalT1 is linked to N-
terminus of LALBA.

[00046]In another example, the recombinant cell comprises: an expression construct that encodes an
alpha-lactalbumin (LALBA), a beta-1,4-galactosyltransferase 1 (B4GalT1), a marker protein, a glucose
transporter 1 (huGLUT1), and an ER localization signal, wherein C-terminus of LALBA is linked to
N-terminus of B4GalT1, C-terminus of B4GalT1 is linked to N-terminus of the marker protein, C-
terminus of the marker protein is linked to N-terminus of GLUT1, and C-terminus of GLUT] is linked
to N-terminus of the ER localization signal, and an expression construct that encodes a beta-1,4-
galactosyltransferase 1 (B4GalT1) and an alpha-lactalbumin (LALBA), wherein C-terminus of
B4GalT1 is linked to N-terminus of LALBA.

[00047]1In another example, the recombinant cell comprises: an expression construct that encodes an
alpha-lactalbumin (LALBA), a beta-1,4-galactosyltransferase 1 (B4GalT1), a marker protein, and a
glucose transporter 1 (GLUT1), wherein C-terminus of LALBA is linked to N-terminus of B4GalT1,
C-terminus of B4GalT1 is linked to N-terminus of the marker protein, and C-terminus of the marker
protein is linked to N-terminus of GLUTI, and an expression construct that encodes a beta-1,4-
galactosyltransferase 1 (B4GalT1) and an alpha-lactalbumin (LALBA), wherein C-terminus of
B4GalT1 is linked to N-terminus of LALBA.

[00048]In another example, the recombinant cell comprises: a first expression construct that encodes
an alpha-lactalbumin (LALBA) and a second expression construct that encodes a beta-1,4-
galactosyltransferase 1 (B4GalT1).

[00049]In another example, the recombinant cell comprises: an expression construct that encodes an
alpha-lactalbumin (LALBA), a beta-1,4-galactosyltransferase 1 (B4GalT1), a marker protein, and a C-
terminal truncated glucose transporter 1 (GLUT1A), wherein C-terminus of LALBA is linked to N-
terminus of B4GalT1, C-terminus of B4GalT1 is linked to N-terminus of the marker protein, and C-
terminus of the marker protein is linked to N-terminus of GLUTI1A and an expression construct that
encodes a beta-1,4-galactosyltransferase 1 (B4GalT1) and an alpha-lactalbumin (LALBA), wherein C-
terminus of B4GalT1 is linked to N-terminus of LALBA.

[00050]In another example, the recombinant cell comprises: an expression construct that encodes an
alpha-lactalbumin (LALBA), a beta-1,4-galactosyltransferase 1 (B4GalT1), a marker protein, a C-
terminal truncated glucose transporter 1 (GLUT1A), and a Golgi localization sequence, wherein the C-
terminus of LALBA is linked to N-terminus of B4GalT1, C-terminus of B4GalT1 is linked to N-

terminus of the marker protein, C-terminus of the marker protein is linked to N-terminus of GLUT1A,

12



WO 2023/121564 PCT/SG2022/050919

and C-terminus of GLUTI1A is linked to N-terminus of the Golgi localization sequence, and an
expression construct that encodes a beta-1,4-galactosyltransferase 1 (B4GalT1) and an alpha-
lactalbumin (LALBA), wherein C-terminus of B4GalT1 is linked to N-terminus of LALBA.
[00051]In another example, the recombinant cell comprises: an expression construct that encodes an
alpha-lactalbumin (LALBA), a beta-1,4-galactosyltransferase 1 (B4GalT1), a marker protein, a glucose
transporter 1 (huGLUT1), and a Golgi localization sequence, wherein C-terminus of LALBA is linked
to N-terminus of B4GalT1, C-terminus of B4GalT1 is linked to N-terminus of the marker protein, C-
terminus of the marker protein is linked to N-terminus of GLUT1, and C-terminus of GLUT1 is linked
to N-terminus of C-terminal of the Golgi localization sequence, and an expression construct that
encodes a beta-1,4-galactosyltransferase 1 (B4GalT1) linked to alpha-lactalbumin (LALBA), wherein
C-terminus of B4GalT1 is linked to N-terminus of LALBA.

[00052]In another example, the recombinant cell comprises: an expression construct that encodes an
alpha-lactalbumin (LALBA), a beta-1,4-galactosyltransferase 1 (B4GalT1), a marker protein, and a
glucose transporter 1 (GLUT1), wherein C-terminus of LALBA is linked to N-terminus of B4GalT1,
C-terminus of B4GalT1 is linked to N-terminus of the marker protein, and C-terminus of the marker
protein is linked to N-terminus of GLUT]1.

[00053] The lactose production levels in these exemplary embodiments are shown in Figure 5B.
[00054] Lactose produced by recombinant cells are further processed into milk oligosaccharides within
the same recombinant cells. As described in Figure 6C to Figure 6l, several milk oligosaccharides
commonly found in human breast milk are identified in the cell culture media of the recombinant cells.
Thus, in one embodiment, the recombinant cell for producing lactose further produces within said cell
human milk oligosaccharides (HMOs). Human milk oligosaccharides comprises, and are not limited to:
2'-Fucosyllactose (2'-FL), 3'-Fucosyllactose (3'-FL), Lacto-N-tetraose (LNT), Lacto-N-neotetraose
(LNnT), Lacto-N-fucopentaose I (LNFPI), Lacto-N-fucopentaose II (LNFPII), Lacto-N-fucopentaose
IIT (LNFPII), 3'-Sialyllactose (3'-SL), 6'-Sialyllactose (6'-SL), Sialyllacto-N-tetraose (a) (LSTa),
Sialyllacto-N-tetraose (b) (LSTb), Sialyllacto-N-tetraose (¢) (LSTc), 6'-Sialyllactosamine (6’ SLN),
Disialyllactose (DSL), Disialyllactose-N-tetraose (DSLNT), o-3'-Galactosyllactose (a3'-GL), B-3'-
Galactosyllactose (B3'-GL), B-4'-Galactosyllactose (4'-GL), p-6"-Galactosyllactose (6'-GL), a-3'-N-
acetylgalactosaminyllactose (0-3'-GalNAcL), Lacto-N-difucohexaose 1 (LNDFH-I), Lacto-N-
neohexaose (LNnH), Lacto-N-hexaose (LNH), and 6'-N-Acetyl-glucosaminyl-lactose (NAL). For
example, the detected human milk oligosaccharides (HMOs) comprise Sialyl-lactose, Lacto-n-
neotatraose (LNnT), sialyl-LNnT, para-lacto-N-hexaose (Para-LNH), sialyl-para-LNH, para-lacto-N-
octaose. In a further example, the sialyl-lactose is a 3 sialyl-lactose (3’SL).

[00055]In another aspect, the disclosure provides a one or more expression constructs. In one example,
the one or more expression constructs are the same constructs comprised in the recombinant cells as
described herein. In one example, the one or more expression constructs are plasmids. In a further

example, the one or more expression constructs are in the form of circular DNA. A person skilled in
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the art would understand that the one or more expression constructs serve the purpose of expressing
recombinant proteins in a system. Thus, the expression constructs comprise, but are not limited to, a
vector backbone, one or more origins of replication, a selection marker, a reporter (for example, a
fluorescent protein), a promoter, an internal ribosome entry site (IRES), a linker sequence, and multiple
cloning sites. The one or more expression constructs can utilise the same or different vector backbones,
such as pcDNA3.1, pGenLenti, and pCMYV that are commonly known in the art.

[00056] In one embodiment, the one or more expression constructs comprise polynucleotides encoding
an alpha-lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1 (B4GalT1). In one example, the
one or more expression constructs further comprise polynucleotide sequences encoding a glucose
transporter. In one example, the one or more expression constructs comprise polynucleotide sequences
encoding an alpha-lactalbumin (LALBA), and a beta-1,4-galactosyltransferase 1 (B4GalT1), and
optionally a glucose transporter. In one further example, the one or more expression constructs comprise
polynucleotide sequences encoding an alpha-lactalbumin (LALBA) and a beta-1,4-
galactosyltransferase 1 (B4GalT1) and optionally a glucose transporter are engineered in at least one,
at least two, at least three or at least four expression constructs. Exemplary expression constructs are
shown in Figure 8A to Figure 8I.

[00057] In one example, the polynucleotides encoding an alpha-lactalbumin (LALBA) and the
polynucleotide encoding a beta-1,4-galactosyltransferase 1 (B4GalT1) are within the same construct.
In another example, the polynucleotides encoding an alpha-lactalbumin (LALBA) and polynucleotides
encoding a beta-1,4-galactosyltransferase 1 (B4GalT1) are in separate expression constructs. In another
example, the polynucleotides encoding alpha-lactalbumin (LALBA) and beta-1,4-galactosyltransferase
1 (B4GalT1) encoded are of mammalian origin. In a further example, the polynucleotides encoding
alpha-lactalbumin (LALBA) and beta-1,4-galactosyltransferase 1 (B4GalT1) are of human origin. In a
further example, the polynucleotides encoding alpha-lactalbumin (LALBA) and beta-1,4-
galactosyltransferase 1 (B4GalT1) are from a hamster. In yet another example, the polynucleotides
encoding alpha-lactalbumin (LALBA) and beta-1,4-galactosyltransferase 1 (B4GalT1) are from the
same species. In yet another example, polynucleotides encoding the alpha-lactalbumin (LALBA) and
beta-1,4-galactosyltransferase 1 (B4GalT1) are from the same genus. In yet another example, the
polynucleotides encoding alpha-lactalbumin (LALBA) and beta-1,4-galactosyltransferase 1 (B4GalT1)
are from different species. The alpha-lactalbumin (LALBA) and beta-1,4-galactosyltransferase 1
(B4GalT1) encoded in the expression construct may be expressed under the control of the same
promoter, or different promoters. The alpha-lactalbumin (LALBA) and beta-1,4-galactosyltransferase
1 (B4GalT1) encoded in the expression construct may be tagged or untagged, by a reporter. The reporter
sequence tagging the alpha-lactalbumin (LALBA) and/or beta-1,4-galactosyltransferase 1 (B4GalT1)
may be at the N-terminal, or at the C-terminal of each polynucleotide. In one example, the reporter is a

fluorescent protein. In a further example, the fluorescent protein is a Green Fluorescent Protein (GFP).
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[00058]In another example, the polynucleotide encoding alpha-lactalbumin (LALBA) has a nucleic
acid sequence of SEQ ID NO: 1. In another example, the polynucleotide encoding beta-1,4-
galactosyltransferase 1 (B4GalT1) has a nucleic acid sequence of SEQ ID NO: 2. In another example,
the polynucleotide encoding alpha-lactalbumin (LALBA) has a nucleic acid sequence that is 90%, 95%,
96%, 97%, 98%, 99%, or 99.9% identical to SEQ ID NO: 1. In another example, the polynucleotide
encoding beta-1,4-galactosyltransferase 1 (B4GalT1) has a nucleic acid sequence that is 90%, 95%,
96%, 97%, 98%, 99%, or 99.9% identical to SEQ ID NO: 2. Irrespective of the sequence identity
percentage, the alpha-lactalbumin (LALBA) and the beta-1,4-galactosyltransferase 1 (B4GalTl) are
capable of lactose synthesis.

[00059]In another embodiment, the one or more expression constructs further comprise a
polynucleotide encoding a glucose transporter. In one example, the polynucleotide encoding the glucose
transporter can be in a different expression construct with the one or more expression constructs
comprising  polynucleotides  encoding  alpha-lactalbumin  (LALBA) and/or  beta-1,4-
galactosyltransferase 1 (B4GalT1). In another example, the polynucleotide encoding the glucose
transporter can be in the same expression construct with the one or more expression constructs
comprising polynucleotide encoding alpha-lactalbumin (LALBA) or beta-1,4-galactosyltransferase 1
(B4GalT1), or both. In one example, the glucose transporter is a mammalian glucose transporter. In
another example, the glucose transporter is a human glucose transporter. In a further example, the
glucose transporter is from GLUT family. In another example, the glucose transporter is selected from
any one of the following: GLUT 1, GLUT2, GLUT3, GLUT4, GLUTS, GLUT6, GLUT7, GLUTS,
GLUT9, GLUT10, GLUT11, GLUT12, HMIT (H+ driven myoinositol transporter, also GLUT13),
GLUT14, and sodium-glucose transporter (SGLT1). In yet another example, the glucose transporter is
GLUT]I. In one example, the glucose transporter has a nucleic acid sequence of SEQ ID NO: 3. In
another example, the glucose transporter encoded in the expression construct has a nucleic acid
sequence that is 90%, 95%, 96%, 97%, 98%, 99%, or 99.9% identical to SEQ ID NO: 3. Irrespective
of the sequence identity percentage, the glucose transporter is capable of transporting glucose.

[00060] In one example, the glucose transporter comprised in the expression construct is a wild-type
glucose transporter. In another example, the glucose transporter comprised in the expression construct
is an engineered glucose transporter. In one example, a full-length glucose transporter sequence can be
fused with a reporter sequence at the N-terminal or the C-terminal. Additional signal sequences, such
as Golgi retention sequence, or ER retention sequence, can be fused with the glucose
transporter/reporter fusion polynucleotide sequence. The signal sequences are preferably fused at the
C-terminal of the glucose transporter/reporter polynucleotide sequence. In one example, the ER
retention sequence is LLTKVKGS (SEQ ID NO: 30). In another example, the Golgi retention sequence
is PRQDTTSIQQGETASKERVIGV (SEQ ID NO: 31) or TTSIQQGETASKERVIGV (SEQ ID NO:
32).
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[00061]In another embodiment, a C-terminal truncated glucose transporter is used. In one example, the
truncated glucose transporter has a nucleic acid sequence of SEQ ID NO: 4. In another example, the
truncated glucose transporter encoded in the expression construct has a nucleic acid sequence that is
90%, 95%, 96%, 97%, 98%, 99%, or 99.9% identical to SEQ ID NO: 4.

[00062]In another embodiment, the one or more expression constructs further comprise sequences
encoding one or more selectable markers in the expression constructs to allow selection of the host cell
with the one or more expression construct. Methods and systems for selecting cells based on selectable
markers are known by a person skilled in the art. In one example, the selection is based on glutamine
synthetase (GS) system. The selectable marker sequence can be a nucleic acid sequence encoding a
glutamine synthetase (GS), a dihydrofolate reductase (DHFR) or an antibiotic compound resistant
marker. A person skilled in the art would appreciate that the host cells used for a particular selectable
marker may contain necessary mutations to enable the selection. For example, to select cells
successfully transfected with expression constructs comprising glutamine synthetase (GS), the host cells
may comprise a GS” knockout mutation.

[00063] In another embodiment, the one or more expression constructs comprise a sequence having at
least 90% or 95% or 98% or 100% sequence identity with SEQ ID NO: 1 (alpha-lactalbumin (LALBA)).
In another embodiment, the one or more expression constructs comprise a sequence having at least 90%
or 95% or 98% or 100% sequence identity with SEQ ID NO: 2 (beta-1,4-galactosyltransterase 1
(B4GalT1)). In another embodiment, the one or more expression constructs comprise a sequence having
at least 90% or 95% or 98% or 100% sequence identity with SEQ ID NO: 3 (glucose transporter 1
(GLUT1)). In another embodiment, the one or more expression constructs comprise a sequence having
at least 90% or 95% or 98% or 100% sequence identity with SEQ ID NO: 4 (C-terminal truncated
glucose transporter 1 (GLUT1A)). In yet another embodiment, the one or more expression constructs
comprise the following: a sequence having at least 90% or 95% or 98% or 100% sequence identity with
SEQ ID NO: 1 (alpha-lactalbumin (LALBA)); a sequence having at least 90% or 95% or 98% or 100%
sequence identity with SEQ ID NO: 2 (beta-1,4-galactosyltransferase 1 (B4GalT1)); and a sequence
having at least 90% or 95% or 98% or 100% sequence identity with SEQ ID NO: 3 (glucose transporter
1 (GLUT1)). In yet another embodiment, the one or more expression constructs comprise the following:
a sequence having at least 90% or 95% or 98% or 100% sequence identity to SEQ ID NO: 1 (alpha-
lactalbumin (LALBA)); a sequence having at least 90% or 95% or 98% or 100% sequence identity to
SEQ ID NO: 2 (beta-1,4-galactosyltransferase 1 (B4GalT1)); and a sequence having at least 90% or
95% or 98% or 100% sequence identity to SEQ ID NO: 4 (C-terminal truncated glucose transporter 1
(GLUTIA)).

[00064] In another aspect, the disclosure provides a method of producing lactose using a recombinant
cell as described herein. In one embodiment, the disclosure provides a method of producing lactose
using the recombinant cell, wherein the method comprises culturing the recombinant cell as described

herein. It is appreciated by a person skilled in the art that the type of cell culture used depends on the
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type of the recombinant cell. Suitable cell culture media are well known in the art. In one example, the
cell culture used for the CHO recombinant cell is a suspension cell culture. In the cell culture used for
the CHO recombinant cell is an adherent cell culture. In another embodiment, the disclosure provides
a method of producing lactose using the recombinant cell, wherein the method comprises culturing the
recombinant cell as described herein, and detecting lactose from the recombinant cell culture media. As
shown in Figure 3 and Figure 4, for example, a lactose peak is detected in the suspension culture.
[00065] In another aspect, the disclosure provides a cell culture comprising the recombinant cell as
described herein, and a cell culture medium.

[00066]In another aspect, the disclosure provides a cryopreserved cell culture comprising the
recombinant cell as described herein. Methods of cryopreserving cells are known in the art.

[00067]In another aspect, the disclosure provides a kit comprising the recombinant cell as described
herein, or the cryopreserved cell culture as described herein.

[00068]In yet another aspect, the disclosure provides a kit comprising the one or more constructs as
described herein. In one embodiment, the kit further comprises suitable cells for expression of the one
or more constructs as described herein.

[00069] The disclosure has been described broadly and generically herein. Each of the narrower species
and sub-generic groupings falling within the generic disclosure also form part of the invention. This
includes the generic description of the invention with a proviso or negative limitation removing any
subject matter from the genus, regardless of whether or not the excised material is specifically recited
herein. Other embodiments are within the following claims and non- limiting examples. In addition,
where features or aspects of the invention are described in terms of Markush groups, those skilled in
the art will recognize that the invention is also thereby described in terms of any individual member or
subgroup of members of the Markush group.

[00070] The disclosure illustratively described herein may suitably be practiced in the absence of any
element or elements, limitation or limitations, not specifically disclosed herein. Thus, for example, the
terms "comprising”, "including”, "containing", etc. shall be read expansively and without limitation.
Additionally, the terms and expressions employed herein have been used as terms of description and
not of limitation, and there is no intention in the use of such terms and expressions of excluding any
equivalents of the features shown and described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention claimed. Thus, it should be understood that
although the present invention has been specifically disclosed by preferred embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may be resorted
to by those skilled in the art, and that such modifications and variations are considered to be within the

scope of this invention.
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EXAMPLES
Generating huGLUT1 constructs for transportation of glucose from cytosol to the ER or Golgi
apparatus in cultured cells
[00071] As glucose transporter 1 (GLUT1) is normally expressed on the cell surface and responsible
for transporting glucose from the environment into the cells, GLUT1 variants were generated to identify
a suitable variant that remains in the ER or Golgi, instead of translocating to the cell membrane. Such
variant will be able to transport glucose from the cytosol to the ER or Golgi. To visualize the change in
cellular localization of the GLUT1 in CHO cells, two GFP fusion proteins were produced with GLUT]I,
GFP-GLUT1 (GFP is fused to the N-terminus of GLUT1) and GLUT-GFP (GFP is fused to the C-
terminus of GLUT1), respectively. The GLUT1/GFP fusion proteins were expressed in mammalian cell
culture, for example, CHO cells. After transfecting the constructs encoding these two fusion proteins
into suspension CHO cells, the GFP fused at the N-terminus of GLUT1 (GFP-GLUT1) did not seem to
affect the cell membrane localization of GLUT1. However, the GFP fused at the C-terminus of GLUT1
affected the GLUT1 localization significantly (Figure 1). This observation agrees with the notion that
the cytosolic tail at the C-terminus plays a role in directing the localization of GLUT1. Thus, without
being bound by theory, the results suggest that GLUT1-GFP is able to transport glucose to the ER or
Golgi.
[00072] Additional huGLUT1 variants were generated and their cellular localization were analyzed in
adherent CHO cells. Based on the observations shown in Figure 1, several GLUT1 variants were
generated and expressed in adherent CHO cells for detailed localization analyses. The C-terminal
cytosolic tail of huGLUT1 was believed to play a role in directing the GLUT1 to the cell membrane.
Therefore, the C-terminal cytosolic tail of huGLUT1 was deleted in one of the variants, GFP-GLUT1A.
The ER retention signal of huGT2, LLTKVKGS (SEQ ID NO: 30), was fused to the C-terminus of the
full length GLUT1, GFP-GLUT1-ER. The C-terminal 18 amino acids of the human CMP-sialic acid
transporter (CST) (having the sequence of TTSIQQGETASKERVIGYV (SEQ ID NO: 32)) were shown
to play a critical role in directing the CST to the Golgi; these 18 amino acids were fused to the C-
terminal ends of GFP-GLUT1 and GFP-GLUT1A. They have been named as GFP-GLUT1-Golgi and
GFP-GLUT1A-Golgi respectively. The exemplary constructs were transiently expressed in adherent
CHO cells and the cellular localization of the GFP fusion proteins (green) and the Golgi marker (red)
were visualized by confocal microscopy. The results are shown in Figure 2.
[00073] The data show that ST7 (GFP-huGLUT1-ER), ST5 (GFP-huGLUT1A) and some of ST6 (GFP-
huGLUTI1A -Golgi) are co-localized with the Golgi marker, suggesting Golgi localization. These
constructs perform better in transporting glucose into the ER and Golgi.
Production of lactose in cultured cells expressing both a-lactalbumin (LALBA) and B4GalT1
[00074] The lactose synthase (LS) enzyme synthesizes lactose (galactose 3 -1,4-glucose) from UDP-
galactose and glucose. Lactose synthesis takes place in the Golgi of the mammary gland epithelial cells.

The LS is an enzymatic complex of galactosyltransferase (B4GalT1) and alpha-lactalbumin
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(LALBA). LALBA is only found in mammary epithelial cells and it can increase the affinity of
B4GalT1 for glucose by 1000-fold. Therefore, it enables B4GalT1 to add galactose from UDP-galactose
to glucose even at low concentrations of glucose.

[00075] Expression constructs were generated to express human B4GalT1, human LALBA, and GFP-
GLUT]I. Different combinations of the three constructs were stably transfected into CHO cells. The
presence of lactose in conditioned media was analysed by LC-MS and the results are shown in Figure
3. The result showed that a molecule with the same mass as a disaccharide was eluted at the same
position as lactose. The synthesis of this disaccharide requires both B4GalT1 and LALBA. CHO cells
transfected with only one of them, either B4GalT1 alone or LALBA alone, were unable to produce this
disaccharide, suggesting this disaccharide is lactose.

Confirmation of lactose production in recombination cells by f-galactosidase treatment

[00076] The disaccharide shown in Figure 3 is lactose as it was eluted out of the column at the same
position as the lactose standard and has the same molecular mass as lactose. In addition, its synthesis
requires both B4GalT1 and LALBA. To further confirm this, the product was treated with f-
galactosidase which digests lactose. Indeed, the product was sensitive to 3-galactosidase treatment thus
resulting in loss of the lactose peak (Figure 4). These results together confirmed that lactose was indeed
produced in CHO with the expression of B4GalT1 and LALBA.

Different GLUT1 variants resulted in varied amounts of lactose production in CHO cells

[00077] With the confirmation of lactose production in CHO cells, further attempts were made to
increase the productivity of lactose by optimizing the huGLUT1 constructs. Several huGLUT1
constructs and B4GalT1-LALBA constructs were generated and transfected into CHO cells. Stably
transfected pools were developed, and the amounts of lactose produced by each pool was determined.
The results are shown in Figure 5.

Production of putative HMOs in CHO-K1 cells transfected with huGLUT1, B4GalT1 and
LALBA

[00078] The CHO-K1 ST7+GL (ST7) cells shown in Figure 5 were cultivated in single-use Erlenmeyer
flasks (Corning) with a cell seeding density of 0.3x106 cells/rmL in 50/50 media. Cell culture
supernatant was harvested on day 4 by centrifugation at 200g for 5 minutes. Clarified supernatant was
then applied to Blotglyco beads and columns (BlotGlyco Kit, Shimadzu) for glycan labelling and
analysis, according to manufacturer’s protocol. Briefly, 20-160uL of clarified supernatant was allowed
to bind to BlotGlyco beads by incubating for 1 hour at 80°C until beads were dry. Beads were then
washed twice with 2M guanidine hydrochloride, once with distilled water and twice with 1%
trimethylamine/methanol solution by centrifugation through a column at 3000g for 30 seconds. After
blocking and wash steps, glycans were released using 2% acetic acid/acetonitrile, and labelled with
fluorescent label 2-aminobenzamide (2-AB). 2-AB labelled glycans were washed to remove excess
labelling reagent, collected and analysed with a liquid chromatograph coupled with fluorescence

detector and quadruple time-of-flight mass spectrometer (LC-FLD-QTOF). The HMOs attached with
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2-AB fluorescence label at the reducing ends enabled detection via fluorescence detector. Peaks present
in ST7 cells, not in the untransfected control cells, from the LC-FLD chromatogram were then identified
based on their respective MS spectra collected with the QTOF mass spectrometer under positive
electrospray ionization mode.

[00079] The results showed that the ST7 cells produced 6 putative HMOs, with 6 other peaks to be
determined. Figure 6 shows the detection of glucose, lactose, 6 putative HMOs. Note that the structures
of the putative HMOs shown in Figure 6 are based on the total mass. Detailed structures with specific
linkages are determine subsequently.

Generation of stable cell lines producing lactose

[00080] Suspension CHO-K1 cells lacking the glutamine synthetase gene (CHO-K1 GS-/-) were
generated as previously described (Lin et al 2019, mAbs, 11:5, 965-976). CHO-K1 GS-/- cells were
transfected with various DNA constructs containing lactose-expressing genes, as well as the glutamine
synthetase selection marker GSR324C, via electroporation using the SG Cell line 4D-Nucleofector® X
Kit (LONZA). Briefly, 1 x 10° cells were transfected with 5 pg of DNA in 100 pl Nucleofector Solution
SG. Following transfection, cells were maintained in 50/50 CHO cell medium, a 1:1 ratio mix of PfCho
(HyClone) and CD CHO (Thermo Scientific) media, supplemented with L-glutamine (6mM, Thermo
Scientific). At 48 hours post-transfection, the medium was replaced with glutamine-free 50/50 media.
Cells were cultured until viability recovered to more than 95% before experimental assays were
performed.

Identification of human milk oligosaccharides (HMOs) produced by recombinant cells

[00081] Cells were cultivated in single-use Erlenmeyer flasks (Corning) with a cell seeding density of
0.3x10° cells/mL in 50/50 media. Cell culture supernatant was harvested on day 4 by centrifugation at
200g for 5 minutes. Clarified supernatant was then applied to Blotglyco beads and columns (BlotGlyco
Kit, Shimadzu) for glycan labelling and analysis, according to manufacturer’s protocol. Briefly, 160ul.
of clarified supernatant was allowed to bind to BlotGlyco beads by incubating for 1 hour at 80°C until
beads were dry. Beads were then washed twice with 2M guanidine hydrochloride, once with distilled
water and twice with 1% trimethylamine/methanol solution by centrifugation through a column at
3000g for 30 seconds. After blocking and wash steps, glycans were released using 2% acetic
acid/acetonitrile, and labelled with fluorescent label 2-aminobenzamide (2-AB). 2-AB labelled glycans
were washed to remove excess labelling reagent, collected and analyzed with a liquid chromatograph
coupled with fluorescence detector and quadruple time-of-flight mass spectrometer (LC-FLD-QTOF).
The HMOs attached with 2-AB fluorescence label at the reducing ends enabled detection via
fluorescence detector. Prominent peaks from the LC-FLD chromatogram were then tentatively
identified based on their respective MS and MS/MS spectra collected with the QTOF mass spectrometer

under positive electrospray ionization mode.
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Exemplary Vector Maps and Sequences

[00082] Exemplary Vectors 1-9 as disclosed herein are shown in Figure 8 A-Figure 8C. The recombinant
cell as disclosed herein comprises, but not limited to exemplary constructs of the following:

an expression construct having at least 90% or 95% or 100% sequence identity with Vector 1 and an
expression construct having at least 90% or 95% or 100% sequence identity with Vector 2; or

an expression construct having at least 90% or 95% or 100% sequence identity with Vector 3 and an
expression construct having at least 90% or 95% or 100% sequence identity with Vector 2; or

an expression construct having at least 90% or 95% or 100% sequence identity with Vector 4 and an
expression construct having at least 90% or 95% or 100% sequence identity with Vector 2 or

an expression construct having at least 90% or 95% or 100% sequence identity with Vector 5 and an
expression construct having at least 90% or 95% or 100% sequence identity with Vector 6 or

an expression construct having at least 90% or 95% or 100% sequence identity with Vector 7 and an
expression construct having at least 90% or 95% or 100% sequence identity with Vector 2 or

an expression construct having at least 90% or 95% or 100% sequence identity with Vector 8 and an
expression construct having at least 90% or 95% or 100% sequence identity with Vector 2 or

an expression construct having at least 90% or 95% or 100% sequence identity with Vector 9 and an
expression construct having at least 90% or 95% or 100% sequence identity with Vector 2 or

an expression construct having at least 90% or 95% or 100% sequence identity with Vector 4.

[00083] List of exemplary sequences are listed below:

Homo sapiens lactalbumin alpha (LALBA), mRNA (SEQ ID NO: 1)

NCBI Reference Sequence: NM_002289.2

>NM_002289.2:27-455 Homo sapiens lactalbumin alpha (LALBA), mRNA
ATGAGGTTCTTTGTCCCTCTGTTCCTGGTGGGCATCCTGTTCCCTGCCATCCTGGCCAAGC
AATTCACAAAATGTGAGCTGTCCCAGCTGCTGAAAGACATAGATGGTTATGGAGGCATC
GCTTTGCCTGAATTGATCTGTACCATGTTTCACACCAGTGGTTATGACACACAAGCCATA
GTTGAAAACAATGAAAGCACGGAATATGGACTCTTCCAGATCAGTAATAAGCTTTGGTG
CAAGAGCAGCCAGGTCCCTCAGTCAAGGAACATCTGTGACATCTCCTGTGACAAGTTCCT
GGATGATGACATTACTGATGACATAATGTGTGCCAAGAAGATCCTGGATATTAAAGGAA
TTGACTACTGGTTGGCCCATAAAGCCCTCTGCACTGAGAAGCTGGAACAGTGGCTTTGTG
AGAAGTTGTGA

Homo sapiens beta-1,4-galactosyltransferase 1 (B4GALT1), transcript variant 1, mRNA (SEQ
ID NO: 2)

NCBI Reference Sequence: NM_001497.4

>NM_001497.4:168-1364 Homo sapiens beta-1,4-galactosyltransferase 1 (B4GALT1), transcript
variant 1, mRNA
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ATGAGGCTTCGGGAGCCGCTCCTGAGCGGCAGCGCCGCGATGCCAGGCGCGTCCCTACA
GCGGGCCTGCCGCCTGCTCGTGGCCGTCTGCGCTCTGCACCTTGGCGTCACCCTCGTTTAC
TACCTGGCTGGCCGCGACCTGAGCCGCCTGCCCCAACTGGTCGGAGTCTCCACACCGCTG
CAGGGCGGCTCGAACAGTGCCGCCGCCATCGGGCAGTCCTCCGGGGAGCTCCGGACCGG
AGGGGCCCGGCCGCCGCCTCCTCTAGGCGCCTCCTCCCAGCCGCGCCCGGGTGGCGACTC
CAGCCCAGTCGTGGATTCTGGCCCTGGCCCCGCTAGCAACTTGACCTCGGTCCCAGTGCC
CCACACCACCGCACTGTCGCTGCCCGCCTGCCCTGAGGAGTCCCCGCTGCTTGTGGGCCC
CATGCTGATTGAGTTTAACATGCCTGTGGACCTGGAGCTCGTGGCAAAGCAGAACCCAA
ATGTGAAGATGGGCGGCCGCTATGCCCCCAGGGACTGCGTCTCTCCTCACAAGGTGGCC
ATCATCATTCCATTCCGCAACCGGCAGGAGCACCTCAAGTACTGGCTATATTATTTGCAC
CCAGTCCTGCAGCGCCAGCAGCTGGACTATGGCATCTATGTTATCAACCAGGCGGGAGA
CACTATATTCAATCGTGCTAAGCTCCTCAATGTTGGCTTTCAAGAAGCCTTGAAGGACTA
TGACTACACCTGCTTTGTGTTTAGTGACGTGGACCTCATTCCAATGAATGACCATAATGC
GTACAGGTGTTTTTCACAGCCACGGCACATTTCCGTTGCAATGGATAAGTTTGGATTCAG
CCTACCTTATGTTCAGTATTTTGGAGGTGTCTCTGCTCTAAGTAAACAACAGTTTCTAACC
ATCAATGGATTTCCTAATAATTATTGGGGCTGGGGAGGAGAAGATGATGACATTTTTAAC
AGATTAGTTTTTAGAGGCATGTCTATATCTCGCCCAAATGCTGTGGTCGGGAGGTGTCGC
ATGATCCGCCACTCAAGAGACAAGAAAAATGAACCCAATCCTCAGAGGTTTGACCGAAT
TGCACACACAAAGGAGACAATGCTCTCTGATGGTTTGAACTCACTCACCTACCAGGTGCT
GGATGTACAGAGATACCCATTGTATACCCAAATCACAGTGGACATCGGGACACCGAGCT
AG

GLUT1 (full-length) (SEQ ID NO: 3)

Homo sapiens solute carrier family 2 member 1 (SLC2A1), mRNA. NCBI Reference Sequence:
NM_006516.4 >NM_006516.4:218-1696 Homo sapiens solute carrier family 2 member 1 (SLC2A1),
mRNA.
ATGGAGCCCAGCAGCAAGAAGCTGACGGGTCGCCTCATGCTGGCCGTGGGAGGAGCAGT
GCTTGGCTCCCTGCAGTTTGGCTACAACACTGGAGTCATCAATGCCCCCCAGAAGGTGAT
CGAGGAGTTCTACAACCAGACATGGGTCCACCGCTATGGGGAGAGCATCCTGCCCACCA
CGCTCACCACGCTCTGGTCCCTCTCAGTGGCCATCTTTTCTGTTGGGGGCATGATTGGCTC
CTTCTCTGTGGGCCTTTTCGTTAACCGCTTTGGCCGGCGGAATTCAATGCTGATGATGAAC
CTGCTGGCCTTCGTGTCCGCCGTGCTCATGGGCTTCTCGAAACTGGGCAAGTCCTTTGAG
ATGCTGATCCTGGGCCGCTTCATCATCGGTGTGTACTGCGGCCTGACCACAGGCTTCGTG
CCCATGTATGTGGGTGAAGTGTCACCCACAGCCCTTCGTGGGGCCCTGGGCACCCTGCAC
CAGCTGGGCATCGTCGTCGGCATCCTCATCGCCCAGGTGTTCGGCCTGGACTCCATCATG
GGCAACAAGGACCTGTGGCCCCTGCTGCTGAGCATCATCTTCATCCCGGCCCTGCTGCAG
TGCATCGTGCTGCCCTTCTGCCCCGAGAGTCCCCGCTTCCTGCTCATCAACCGCAACGAG
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GAGAACCGGGCCAAGAGTGTGCTAAAGAAGCTGCGCGGGACAGCTGACGTGACCCATG
ACCTGCAGGAGATGAAGGAAGAGAGTCGGCAGATGATGCGGGAGAAGAAGGTCACCAT
CCTGGAGCTGTTCCGCTCCCCCGCCTACCGCCAGCCCATCCTCATCGCTGTGGTGCTGCA
GCTGTCCCAGCAGCTGTCTGGCATCAACGCTGTCTTCTATTACTCCACGAGCATCTTCGA
GAAGGCGGGGGTGCAGCAGCCTGTGTATGCCACCATTGGCTCCGGTATCGTCAACACGG
CCTTCACTGTCGTGTCGCTGTTTGTGGTGGAGCGAGCAGGCCGGCGGACCCTGCACCTCA
TAGGCCTCGCTGGCATGGCGGGTTGTGCCATACTCATGACCATCGCGCTAGCACTGCTGG
AGCAGCTACCCTGGATGTCCTATCTGAGCATCGTGGCCATCTTTGGCTTTGTGGCCTTCTT
TGAAGTGGGTCCTGGCCCCATCCCATGGTTCATCGTGGCTGAACTCTTCAGCCAGGGTCC
ACGTCCAGCTGCCATTGCCGTTGCAGGCTTCTCCAACTGGACCTCAAATTTCATTGTGGG
CATGTGCTTCCAGTATGTGGAGCAACTGTGTGGTCCCTACGTCTTCATCATCTTCACTGTG
CTCCTGGTTCTGTTCTTCATCTTCACCTACTTCAAAGTTCCTGAGACTAAAGGCCGGACCT
TCGATGAGATCGCTTCCGGCTTCCGGCAGGGGGGAGCCAGCCAAAGTGACAAGACACCC
GAGGAGCTGTTCCATCCCCTGGGGGCTGATTCCCAAGTGTGA

GLUT1A (cytosolic tail deletion) (SEQ ID NO: 4)

C-terminal truncated version of homo sapiens solute carrier family 2 member 1 (SLC2A1), mRNA.
NCBI Reference Sequence: NM_006516.4 >NM_006516.4:218-1696 Homo sapiens solute carrier
family 2 member 1 (SLC2A1), mRNA.
ATGGAGCCCAGCAGCAAGAAGCTGACGGGTCGCCTCATGCTGGCCGTGGGAGGAGCAGT
GCTTGGCTCCCTGCAGTTTGGCTACAACACTGGAGTCATCAATGCCCCCCAGAAGGTGAT
CGAGGAGTTCTACAACCAGACATGGGTCCACCGCTATGGGGAGAGCATCCTGCCCACCA
CGCTCACCACGCTCTGGTCCCTCTCAGTGGCCATCTTTTCTGTTGGGGGCATGATTGGCTC
CTTCTCTGTGGGCCTTTTCGTTAACCGCTTTGGCCGGCGGAATTCAATGCTGATGATGAAC
CTGCTGGCCTTCGTGTCCGCCGTGCTCATGGGCTTCTCGAAACTGGGCAAGTCCTTTGAG
ATGCTGATCCTGGGCCGCTTCATCATCGGTGTGTACTGCGGCCTGACCACAGGCTTCGTG
CCCATGTATGTGGGTGAAGTGTCACCCACAGCCCTTCGTGGGGCCCTGGGCACCCTGCAC
CAGCTGGGCATCGTCGTCGGCATCCTCATCGCCCAGGTGTTCGGCCTGGACTCCATCATG
GGCAACAAGGACCTGTGGCCCCTGCTGCTGAGCATCATCTTCATCCCGGCCCTGCTGCAG
TGCATCGTGCTGCCCTTCTGCCCCGAGAGTCCCCGCTTCCTGCTCATCAACCGCAACGAG
GAGAACCGGGCCAAGAGTGTGCTAAAGAAGCTGCGCGGGACAGCTGACGTGACCCATG
ACCTGCAGGAGATGAAGGAAGAGAGTCGGCAGATGATGCGGGAGAAGAAGGTCACCAT
CCTGGAGCTGTTCCGCTCCCCCGCCTACCGCCAGCCCATCCTCATCGCTGTGGTGCTGCA
GCTGTCCCAGCAGCTGTCTGGCATCAACGCTGTCTTCTATTACTCCACGAGCATCTTCGA
GAAGGCGGGGGTGCAGCAGCCTGTGTATGCCACCATTGGCTCCGGTATCGTCAACACGG
CCTTCACTGTCGTGTCGCTGTTTGTGGTGGAGCGAGCAGGCCGGCGGACCCTGCACCTCA
TAGGCCTCGCTGGCATGGCGGGTTGTGCCATACTCATGACCATCGCGCTAGCACTGCTGG
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AGCAGCTACCCTGGATGTCCTATCTGAGCATCGTGGCCATCTTTGGCTTTGTGGCCTTCTT
TGAAGTGGGTCCTGGCCCCATCCCATGGTTCATCGTGGCTGAACTCTTCAGCCAGGGTCC
ACGTCCAGCTGCCATTGCCGTTGCAGGCTTCTCCAACTGGACCTCAAATTTCATTGTGGG
CATGTGCTTCCAGTATGTGGAGCAACTGTGTGGTCCCTACGTCTTCATCATCTTCACTGTG
CTCCTGGTTCTGTTCTTCATCTTCACCTACTTC

eGFP sequence (SEQ ID NO: 5)
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGA
CGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCT
ACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCA
CCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGA
AGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCT
TCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACC
CTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGG
GCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGA
AGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAG
CTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGA
CAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATC
ACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGT
ACAAGTAA

IRES2 (SEQ ID NO: 6)
CCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTG
TGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGG
AAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGA
ATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAA
ACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCT
CTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCC
ACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACA
AGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGG
TACACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCAC
GGGGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACC

Glutamine Synthetase (GS) (SEQ ID NO: 7)
ATGGCCACCTCAGCAAGTTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTG
CCCCAGGGTGAGAAAGTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACT
GCGCTGCAAAACCCGCACCCTGGACTGTGAGCCCAAGTGTGTAGAAGAGTTACCTGAGT
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GGAATTTTGATGGCTCTAGTACCTTTCAGTCTGAGGGCTCCAACAGTGACATGTATCTCA
GCCCTGTTGCCATGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTTCTGTG
AAGTTTTCAAGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGTGTAAACGG
ATAATGGACATGGTGAGCAACCAGCACCCCTGGTTTGGAATGGAACAGGAGTATACTCT
GATGGGAACAGATGGGCACCCTTTTGGTTGGCCTTCCAATGGCTTTCCTGGGCCCCAAGG
TCCGTATTACTGTGGTGTGGGCGCAGACAAAGCCTATGGCAGGGATATCGTGGAGGCTC
ACTACCGCGCCTGCTTGTATGCTGGGGTCAAGATTACAGGAACAAATGCTGAGGTCATGC
CTGCCCAGTGGGAATTCCAAATAGGACCCTGTGAAGGAATCCGCATGGGAGATCATCTC
TGGGTGGCCCGTTTCATCTTGCATCGAGTATGTGAAGACTTTGGGGTAATAGCAACCTTT
GACCCCAAGCCCATTCCTGGGAACTGGAATGGTGCAGGCTGCCATACCAACTTTAGCACC
AAGGCCATGCGGGAGGAGAATGGTCTGAAGCACATCGAGGAGGCCATCGAGAAACTAA
GCAAGCGGCACCGGTACCACATTCGAGCCTACGATCCCAAGGGGGGCCTGGACAATGCC
CGTCGTCTGACTGGGTTCCACGAAACGTCCAACATCAACGACTTTTCTGCTGGTGTCGCC
AATCGCAGTGCCAGCATCTGCATTCCCCGGACTGTCGGCCAGGAGAAGAAAGGTTACTTT
GAAGACCGCCGCCCCTCTGCCAATTGTGACCCCTTTGCAGTGACAGAAGCCATCGTCCGC
ACATGCCTTCTCAATGAGACTGGCGACGAGCCCTTCCAATACAAAAACTAA

Bleomycin resistance protein (BleoR) (SEQ ID NO: 8)
ATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGT
CGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGG
TGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGG
ACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCG
GAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGA
GCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCG
TGGCCGAGGAGCAGGACTGA

Homo sapiens solute carrier family 35 (CMP-sialic acid transporter), member A1, mRNA
(cDNA clone MGC:22375 IMAGE:4690513), complete cds (SEQ ID NO: 9)

GenBank: BC017807.1
ATGGCTGCCCCGAGAGACAATGTCACTTTATTATTCAAGTTATACTGCTTGGCAGTGATG
ACCCTGATGGCTGCAGTCTATACCATAGCTTTAAGATACACAAGGACATCAGACAAAGA
ACTCTACTTTTCAACCACAGCCGTGTGTATCACAGAAGTTATAAAGTTATTGCTAAGTGT
GGGAATTTTAGCTAAAGAAACTGGTAGTCTGGGTAGATTCAAAGCATCTTTAAGAGAAA
ATGTCTTGGGGAGCCCCAAGGAACTGTTGAAGTTAAGTGTGCCATCGTTAGTGTATGCTG
TTCAGAACAACATGGCTTTCCTAGCTCTTAGCAATCTGGATGCAGCAGTGTACCAGGTGA
CCTACCAGTTGAAGATTCCGTGTACTGCTTTATGCACTGTTTTAATGTTAAACCGGACACT
CAGCAAATTACAGTGGGTTTCAGTTTTTATGCTGTGTGCTGGAGTTACGCTTGTACAGTG
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GAAACCAGCCCAAGCTACAAAAGTGGTGGTGGAACAAAATCCATTATTAGGGTTTGGCG
CTATAGCTATTGCTGTATTGTGCTCAGGATTTGCAGGAGTATATTTTGAAAAAGTTTTAA
AGAGTTCAGATACTTCTCTTTGGGTGAGAAACATTCAAATGTATCTATCAGGGATTATTG
TGACATTAGCTGGCGTCTACTTGTCAGATGGAGCTGAAATTAAAGAAAAAGGATTTTTCT
ATGGTTACACATATTATGTCTGGTTTGTCATCTTTCTTGCAAGTGTTGGTGGCCTCTACAC
TTCTGTTGTGGTTAAGTACACAGACAACATCATGAAAGGCTTTTCTGCAGCAGCGGCCAT
TGTCCTTTCCACCATTGCTTCAGTAATGCTGTTTGGATTACAGATAACACTCACCTTTGCC
CTGGGTACTCTTCTTGTATGTGTTTCCATATATCTCTATGGATTACCCAGACAAGACACTA
CATCCATCCAACAAGGAGAAACAGCTTCAAAGGAGAGAGTTATTGGTGTGTGA

ER localization sequence: (SEQ ID NO: 10)
CTGCTGACCAAGGTGAAGGGCTCC

Golgi localization sequence: (SEQ ID NO: 11)
CCCAGACAAGACACTACATCCATCCAACAAGGAGAAACAGCTTCAAAGGAGAGAGTTAT
TGGTGTG

Construct set 1: hLALBA-B4GALT1-hGLUT1-GFP(CT)

Sequence 1 (SEQ ID NO: 12):

hLALBA(SEQ ID NO: 1)- CTCGAG(linker)-IRES2 (SEQ ID NO: 6)-B4GALT1(SEQ ID NO: 2)-
CTCGAG(linker)-IRES2(SEQ ID NO: 6)-GS(SEQ ID NO:7)
ATGAGGTTCTTTGTCCCTCTGTTCCTGGTGGGCATCCTGTTCCCTGCCATCCTGGCC
AAGCAATTCACAAAATGTGAGCTGTCCCAGCTGCTGAAAGACATAGATGGTTATGG
AGGCATCGCTTTGCCTGAATTGATCTGTACCATGTTTCACACCAGTGGTTATGACAC
ACAAGCCATAGTTGAAAACAATGAAAGCACGGAATATGGACTCTTCCAGATCAGTA
ATAAGCTTTGGTGCAAGAGCAGCCAGGTCCCTCAGTCAAGGAACATCTGTGACATC
TCCTGTGACAAGTTCCTGGATGATGACATTACTGATGACATAATGTGTGCCAAGAA
GATCCTGGATATTAAAGGAATTGACTACTGGTTGGCCCATAAAGCCCTCTGCACTG
AGAAGCTGGAACAGTGGCTTTGTGAGAAGTTGTGAGGATCCGCCCCTCTCCCTCCCCC
CCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATG
TTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCT
TCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGA
ATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCC
ACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGA
TAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGAT
GCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACA
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TGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTC
CTTTGAAAAACACGATGATAATATGGCCACAACCATGAGGCTTCGGGAGCCGCTCCTG
AGCGGCAGCGCCGCGATGCCAGGCGCGTCCCTACAGCGGGCCTGCCGCCTGCTCG
TGGCCGTCTGCGCTCTGCACCTTGGCGTCACCCTCGTTTACTACCTGGCTGGCCGC
GACCTGAGCCGCCTGCCCCAACTGGTCGGAGTCTCCACACCGCTGCAGGGCGGCTC
GAACAGTGCCGCCGCCATCGGGCAGTCCTCCGGGGAGCTCCGGACCGGAGGGGCC
CGGCCGCCGCCTCCTCTAGGCGCCTCCTCCCAGCCGCGCCCGGGTGGCGACTCCAG
CCCAGTCGTGGATTCTGGCCCTGGCCCCGCTAGCAACTTGACCTCGGTCCCAGTGC
CCCACACCACCGCACTGTCGCTGCCCGCCTGCCCTGAGGAGTCCCCGCTGCTTGTG
GGCCCCATGCTGATTGAGTTTAACATGCCTGTGGACCTGGAGCTCGTGGCAAAGCA
GAACCCAAATGTGAAGATGGGCGGCCGCTATGCCCCCAGGGACTGCGTCTCTCCTC
ACAAGGTGGCCATCATCATTCCATTCCGCAACCGGCAGGAGCACCTCAAGTACTGG
CTATATTATTTGCACCCAGTCCTGCAGCGCCAGCAGCTGGACTATGGCATCTATGTT
ATCAACCAGGCGGGAGACACTATATTCAATCGTGCTAAGCTCCTCAATGTTGGCTTT
CAAGAAGCCTTGAAGGACTATGACTACACCTGCTTTGTGTTTAGTGACGTGGACCT
CATTCCAATGAATGACCATAATGCGTACAGGTGTTTTTCACAGCCACGGCACATTTC
CGTTGCAATGGATAAGTTTGGATTCAGCCTACCTTATGTTCAGTATTTTGGAGGTGT
CTCTGCTCTAAGTAAACAACAGTTTCTAACCATCAATGGATTTCCTAATAATTATTG
GGGCTGGGGAGGAGAAGATGATGACATTTTTAACAGATTAGTTTTTAGAGGCATGT
CTATATCTCGCCCAAATGCTGTGGTCGGGAGGTGTCGCATGATCCGCCACTCAAGA
GACAAGAAAAATGAACCCAATCCTCAGAGGTTTGACCGAATTGCACACACAAAGGA
GACAATGCTCTCTGATGGTTTGAACTCACTCACCTACCAGGTGCTGGATGTACAGA
GATACCCATTGTATACCCAAATCACAGTGGACATCGGGACACCGAGCTAGCTCGAGC
CCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGT
GCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGA
AACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAA
TGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAA
CAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCT
GCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCAC
GTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAG
GGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTA
CACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGG
GGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATGGCCACCTCA
GCAAGTTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAGGG
TGAGAAAGTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACTGCGCT
GCAAAACCCGCACCCTGGACTGTGAGCCCAAGTGTGTAGAAGAGTTACCTGAGTGG
AATTTTGATGGCTCTAGTACCTTTCAGTCTGAGGGCTCCAACAGTGACATGTATCTC
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AGCCCTGTTGCCATGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTT
CTGTGAAGTTTTCAAGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGT
GTAAACGGATAATGGACATGGTGAGCAACCAGCACCCCTGGTTTGGAATGGAACAG
GAGTATACTCTGATGGGAACAGATGGGCACCCTTTTGGTTGGCCTTCCAATGGCTT
TCCTGGGCCCCAAGGTCCGTATTACTGTGGTGTGGGCGCAGACAAAGCCTATGGCA
GGGATATCGTGGAGGCTCACTACCGCGCCTGCTTGTATGCTGGGGTCAAGATTACA
GGAACAAATGCTGAGGTCATGCCTGCCCAGTGGGAATTCCAAATAGGACCCTGTGA
AGGAATCCGCATGGGAGATCATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTAT
GTGAAGACTTTGGGGTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGG
AATGGTGCAGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGG
TCTGAAGCACATCGAGGAGGCCATCGAGAAACTAAGCAAGCGGCACCGGTACCACA
TTCGAGCCTACGATCCCAAGGGGGGCCTGGACAATGCCCGTCGTCTGACTGGGTTC
CACGAAACGTCCAACATCAACGACTTTITCTGCTGGTGTCGCCAATCGCAGTGCCAG
CATCTGCATTCCCCGGACTGTCGGCCAGGAGAAGAAAGGTTACTTTGAAGACCGCC
GCCCCTCTGCCAATTGTGACCCCTTTGCAGTGACAGAAGCCATCGTCCGCACATGC
CTTCTCAATGAGACTGGCGACGAGCCCTTCCAATACAAAAACTAA

Sequence 2 (SEQ ID NO: 13):

hGLUT1 (SEQ ID NO: 3)-Egfp (SEQ ID NO: 5)-GGCGCGCC(linker)-IRES2 (SEQ ID NO: 6)-
BleoR (SEQ ID NO: 8)
ATGGAGCCCAGCAGCAAGAAGCTGACGGGTCGCCTCATGCTGGCCGTGGGAGGAG
CAGTGCTTGGCTCCCTGCAGTTTGGCTACAACACTGGAGTCATCAATGCCCCCCAG
AAGGTGATCGAGGAGTTCTACAACCAGACATGGGTCCACCGCTATGGGGAGAGCAT
CCTGCCCACCACGCTCACCACGCTCTGGTCCCTCTCAGTGGCCATCTTTTCTGTTGG
GGGCATGATTGGCTCCTTCTCTGTGGGCCTTTTCGTTAACCGCTTTGGCCGGCGGA
ATTCAATGCTGATGATGAACCTGCTGGCCTTCGTGTCCGCCGTGCTCATGGGCTTCT
CGAAACTGGGCAAGTCCTTTGAGATGCTGATCCTGGGCCGCTTCATCATCGGTGTG
TACTGCGGCCTGACCACAGGCTTCGTGCCCATGTATGTGGGTGAAGTGTCACCCAC
AGCCCTTCGTGGGGCCCTGGGCACCCTGCACCAGCTGGGCATCGTCGTCGGCATCC
TCATCGCCCAGGTGTTCGGCCTGGACTCCATCATGGGCAACAAGGACCTGTGGCCC
CTGCTGCTGAGCATCATCTTCATCCCGGCCCTGCTGCAGTGCATCGTGCTGCCCTTC
TGCCCCGAGAGTCCCCGCTTCCTGCTCATCAACCGCAACGAGGAGAACCGGGCCAA
GAGTGTGCTAAAGAAGCTGCGCGGGACAGCTGACGTGACCCATGACCTGCAGGAG
ATGAAGGAAGAGAGTCGGCAGATGATGCGGGAGAAGAAGGTCACCATCCTGGAGC
TGTTCCGCTCCCCCGCCTACCGCCAGCCCATCCTCATCGCTGTGGTGCTGCAGCTG
TCCCAGCAGCTGTCTGGCATCAACGCTGTCTTCTATTACTCCACGAGCATCTTCGAG
AAGGCGGGGGTGCAGCAGCCTGTGTATGCCACCATTGGCTCCGGTATCGTCAACAC
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GGCCTTCACTGTCGTGTCGCTGTTTGTGGTGGAGCGAGCAGGCCGGCGGACCCTGC
ACCTCATAGGCCTCGCTGGCATGGCGGGTTGTGCCATACTCATGACCATCGCGCTA
GCACTGCTGGAGCAGCTACCCTGGATGTCCTATCTGAGCATCGTGGCCATCTTTGG
CTTTGTGGCCTTCTTTGAAGTGGGTCCTGGCCCCATCCCATGGTTCATCGTGGCTGA
ACTCTTCAGCCAGGGTCCACGTCCAGCTGCCATTGCCGTTGCAGGCTTCTCCAACT
GGACCTCAAATTTCATTGTGGGCATGTGCTTCCAGTATGTGGAGCAACTGTGTGGT
CCCTACGTCTTCATCATCTTCACTGTGCTCCTGGTTCTGTTCTTCATCTTCACCTACT
TCAAAGTTCCTGAGACTAAAGGCCGGACCTTCGATGAGATCGCTTCCGGCTTCCGG
CAGGGGGGAGCCAGCCAAAGTGACAAGACACCCGAGGAGCTGTTCCATCCCCTGG
GGGCTGATTCCCAAGTGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCAT
CCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCG
AGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTG
CCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTC
CAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAA
GTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGG
ACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGA
GGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCC
CCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCC
AACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCT
CGGCATGGACGAGCTGTACAAGTAAGGCGCGCCCCCCTCTCCCTCCCCCCCCCCTAAC
GTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTT
TCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTT
CTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGT
TGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCT
GTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGG
CCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACG
TTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAAC
AAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCC
TCGGTACACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCC
GAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACC
ATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGT
CGAGTTCTGGACCGACCGGCTCGGGCTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGG
TGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGG
ACAACACCCTGGCCTGGGTCTGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCG
GAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGA
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GCAGCCGCTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCG
TGGCCGAGGAGCAGGACTGA

Construct set 2: Hh4GALT1-Hlalba

Sequence 1 (SEQ ID NO: 14):

hB4GALT1 (SEQ ID NO: 2)-IRES2(SEQ ID NO:6)-hLALBA (SEQ ID NO: 1)-CTCGAG(linker)-
IRES2 (SEQ ID NO: 6)-GS (SEQ ID NO: 7)
ATGAGGCTTCGGGAGCCGCTCCTGAGCGGCAGCGCCGCGATGCCAGGCGCGTCCC
TACAGCGGGCCTGCCGCCTGCTCGTGGCCGTCTGCGCTCTGCACCTTGGCGTCACC
CTCGTTTACTACCTGGCTGGCCGCGACCTGAGCCGCCTGCCCCAACTGGTCGGAGT
CTCCACACCGCTGCAGGGCGGCTCGAACAGTGCCGCCGCCATCGGGCAGTCCTCCG
GGGAGCTCCGGACCGGAGGGGCCCGGCCGCCGCCTCCTCTAGGCG CCTCCTCCCA
GCCGCGCCCGGGTGGCGACTCCAGCCCAGTCGTGGATTCTGGCCCTGGCCCCGCTA
GCAACTTGACCTCGGTCCCAGTGCCCCACACCACCGCACTGTCGCTGCCCGCCTGC
CCTGAGGAGTCCCCGCTGCTTGTGGGCCCCATGCTGATTGAGTTTAACATGCCTGT
GGACCTGGAGCTCGTGGCAAAGCAGAACCCAAATGTGAAGATGGGCGGCCGCTAT
GCCCCCAGGGACTGCGTCTCTCCTCACAAGGTGGCCATCATCATTCCATTCCGCAA
CCGGCAGGAGCACCTCAAGTACTGGCTATATTATTTGCACCCAGTCCTGCAGCGCC
AGCAGCTGGACTATGGCATCTATGTTATCAACCAGGCGGGAGACACTATATTCAAT
CGTGCTAAGCTCCTCAATGTTGGCTTTCAAGAAGCCTTGAAGGACTATGACTACACC
TGCTTTGTGTTTAGTGACGTGGACCTCATTCCAATGAATGACCATAATGCGTACAGG
TGTTTTTCACAGCCACGGCACATTTCCGTTGCAATGGATAAGTTTGGATTCAGCCTA
CCTTATGTTCAGTATTTTGGAGGTGTCTCTGCTCTAAGTAAACAACAGTTTCTAACC
ATCAATGGATTTCCTAATAATTATTGGGGCTGGGGAGGAGAAGATGATGACATTTTT
AACAGATTAGTTTTTAGAGGCATGTCTATATCTCGCCCAAATGCTGTGGTCGGGAG
GTGTCGCATGATCCGCCACTCAAGAGACAAGAAAAATGAACCCAATCCTCAGAGGT
TTGACCGAATTGCACACACAAAGGAGACAATGCTCTCTGATGGTTTGAACTCACTCA
CCTACCAGGTGCTGGATGTACAGAGATACCCATTGTATACCCAAATCACAGTGGAC
ATCGGGACACCGAGCTAGGGATCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGA
AGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGT
CTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGG
GTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTC
CTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAAC
CCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGC
AAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAAT
GGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGT
ATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACATGTGTTTAGTCGAGGTTAAAA
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AAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATA
ATATGGCCACAACCATGAGGTTCTTTGTCCCTCTGTTCCTGGTGGGCATCCTGTTCC
CTGCCATCCTGGCCAAGCAATTCACAAAATGTGAGCTGTCCCAGCTGCTGAAAGAC
ATAGATGGTTATGGAGGCATCGCTTTGCCTGAATTGATCTGTACCATGTTTCACACC
AGTGGTTATGACACACAAGCCATAGTTGAAAACAATGAAAGCACGGAATATGGACT
CTTCCAGATCAGTAATAAGCTTTGGTGCAAGAGCAGCCAGGTCCCTCAGTCAAGGA
ACATCTGTGACATCTCCTGTGACAAGTTCCTGGATGATGACATTACTGATGACATAA
TGTGTGCCAAGAAGATCCTGGATATTAAAGGAATTGACTACTGGTTGGCCCATAAA
GCCCTCTGCACTGAGAAGCTGGAACAGTGGCTTTGTGAGAAGTTGTGActcgagCCCCT
CTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGT
TTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACC
TGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCA
AGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAA
CGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCG
GCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTT
GTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGG
GCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACA
CATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGG
ACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATGGCCACCTCAGC
AAGTTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAGGGTG
AGAAAGTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACTGCGCTGC
AAAACCCGCACCCTGGACTGTGAGCCCAAGTGTGTAGAAGAGTTACCTGAGTGGAA
TTTTGATGGCTCTAGTACCTTTCAGTCTGAGGGCTCCAACAGTGACATGTATCTCAG
CCCTGTTGCCATGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTTCT
GTGAAGTTTTCAAGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGTGT
AAACGGATAATGGACATGGTGAGCAACCAGCACCCCTGGTTTGGAATGGAACAGGA
GTATACTCTGATGGGAACAGATGGGCACCCTTTTGGTTGGCCTTCCAATGGCTTTCC
TGGGCCCCAAGGTCCGTATTACTGTGGTGTGGGCGCAGACAAAGCCTATGGCAGGG
ATATCGTGGAGGCTCACTACCGCGCCTGCTTGTATGCTGGGGTCAAGATTACAGGA
ACAAATGCTGAGGTCATGCCTGCCCAGTGGGAATTCCAAATAGGACCCTGTGAAGG
AATCCGCATGGGAGATCATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTATGTG
AAGACTTTGGGGTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGGAAT
GGTGCAGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGGTCT
GAAGCACATCGAGGAGGCCATCGAGAAACTAAGCAAGCGGCACCGGTACCACATTC
GAGCCTACGATCCCAAGGGGGGCCTGGACAATGCCCGTCGTCTGACTGGGTTCCAC
GAAACGTCCAACATCAACGACTTTTCTGCTGGTGTCGCCAATCGCAGTGCCAGCAT
CTGCATTCCCCGGACTGTCGGCCAGGAGAAGAAAGGTTACTTTGAAGACCGCCGCC
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CCTCTGCCAATTGTGACCCCTTTGCAGTGACAGAAGCCATCGTCCGCACATGCCTTC
TCAATGAGACTGGCGACGAGCCCTTCCAATACAAAAACTAA

Sequence 2 (SEQ ID NO: 15):

IRES2 (SEQ ID NO: 6)-BleoR (SEQ ID NO:8)
CCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCC
GGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGA
GGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCT
CTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGA
AGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCC
CACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCA
AAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAA
ATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCC
ATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACATGTGTTTAGTCGA
GGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAA
ACACGATGATAATATGGCCACAACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTC
ACCGCGCGCGACGTCGCCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCG
GGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGGACGACGTGACCCTGTTCATCAG
CGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCC
TGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCC
GGGCCGGCCATGACCGAGATCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGA
CCCGGCCGGCAACTGCGTGCACTTCGTGGCCGAGGAGCAGGACTGA

Construct set 3: Hlalba-B4GALT1-GFP-Hglut1l-ER

Sequence 1 (SEQ ID NO: 16):

hLALBA(SEQ ID NO: 1)- GGATCCG(linker)-IRES2 (SEQ ID NO: 6)-hB4GALT1 (SEQ ID
NO:2)- CTCGAG(linker)-IRES2 (SEQ ID NO: 6)-GS (SEQ ID NO: 7)
ATGAGGTTCTTTGTCCCTCTGTTCCTGGTGGGCATCCTGTTCCCTGCCATCCTGGCC
AAGCAATTCACAAAATGTGAGCTGTCCCAGCTGCTGAAAGACATAGATGGTTATGG
AGGCATCGCTTTGCCTGAATTGATCTGTACCATGTTTCACACCAGTGGTTATGACAC
ACAAGCCATAGTTGAAAACAATGAAAGCACGGAATATGGACTCTTCCAGATCAGTA
ATAAGCTTTGGTGCAAGAGCAGCCAGGTCCCTCAGTCAAGGAACATCTGTGACATC
TCCTGTGACAAGTTCCTGGATGATGACATTACTGATGACATAATGTGTGCCAAGAA
GATCCTGGATATTAAAGGAATTGACTACTGGTTGGCCCATAAAGCCCTCTGCACTG
AGAAGCTGGAACAGTGGCTTTGTGAGAAGTTGTGAGGATCCGCCCCTCTCCCTCCCCC
CCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATG
TTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCT
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TCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGA
ATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCC
ACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGA
TAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGAT
GCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACA
TGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTC
CTTTGAAAAACACGATGATAATATGGCCACAACCATGAGGCTTCGGGAGCCGCTCCTG
AGCGGCAGCGCCGCGATGCCAGGCGCGTCCCTACAGCGGGCCTGCCGCCTGCTCG
TGGCCGTCTGCGCTCTGCACCTTGGCGTCACCCTCGTTTACTACCTGGCTGGCCGC
GACCTGAGCCGCCTGCCCCAACTGGTCGGAGTCTCCACACCGCTGCAGGGCGGCTC
GAACAGTGCCGCCGCCATCGGGCAGTCCTCCGGGGAGCTCCGGACCGGAGGGGCC
CGGCCGCCGCCTCCTCTAGGCGCCTCCTCCCAGCCGCGCCCGGGTGGCGACTCCAG
CCCAGTCGTGGATTCTGGCCCTGGCCCCGCTAGCAACTTGACCTCGGTCCCAGTGC
CCCACACCACCGCACTGTCGCTGCCCGCCTGCCCTGAGGAGTCCCCGCTGCTTGTG
GGCCCCATGCTGATTGAGTTTAACATGCCTGTGGACCTGGAGCTCGTGGCAAAGCA
GAACCCAAATGTGAAGATGGGCGGCCGCTATGCCCCCAGGGACTGCGTCTCTCCTC
ACAAGGTGGCCATCATCATTCCATTCCGCAACCGGCAGGAGCACCTCAAGTACTGG
CTATATTATTTGCACCCAGTCCTGCAGCGCCAGCAGCTGGACTATGGCATCTATGTT
ATCAACCAGGCGGGAGACACTATATTCAATCGTGCTAAGCTCCTCAATGTTGGCTTT
CAAGAAGCCTTGAAGGACTATGACTACACCTGCTTTGTGTTTAGTGACGTGGACCT
CATTCCAATGAATGACCATAATGCGTACAGGTGTTTTTCACAGCCACGGCACATTTC
CGTTGCAATGGATAAGTTTGGATTCAGCCTACCTTATGTTCAGTATTTTGGAGGTGT
CTCTGCTCTAAGTAAACAACAGTTTCTAACCATCAATGGATTTCCTAATAATTATTG
GGGCTGGGGAGGAGAAGATGATGACATTTTTAACAGATTAGTTTTTAGAGGCATGT
CTATATCTCGCCCAAATGCTGTGGTCGGGAGGTGTCGCATGATCCGCCACTCAAGA
GACAAGAAAAATGAACCCAATCCTCAGAGGTTTGACCGAATTGCACACACAAAGGA
GACAATGCTCTCTGATGGTTTGAACTCACTCACCTACCAGGTGCTGGATGTACAGA
GATACCCATTGTATACCCAAATCACAGTGGACATCGGGACACCGAGCTAGCTCGAGC
CCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGT
GCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGA
AACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAA
TGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAA
CAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCT
GCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCAC
GTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAG
GGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTA
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CACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGG
GGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATGGCCACCTCA
GCAAGTTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAGGG
TGAGAAAGTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACTGCGCT
GCAAAACCCGCACCCTGGACTGTGAGCCCAAGTGTGTAGAAGAGTTACCTGAGTGG
AATTTTGATGGCTCTAGTACCTTTCAGTCTGAGGGCTCCAACAGTGACATGTATCTC
AGCCCTGTTGCCATGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTT
CTGTGAAGTTTTCAAGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGT
GTAAACGGATAATGGACATGGTGAGCAACCAGCACCCCTGGTTTGGAATGGAACAG
GAGTATACTCTGATGGGAACAGATGGGCACCCTTTTGGTTGGCCTTCCAATGGCTT
TCCTGGGCCCCAAGGTCCGTATTACTGTGGTGTGGGCGCAGACAAAGCCTATGGCA
GGGATATCGTGGAGGCTCACTACCGCGCCTGCTTGTATGCTGGGGTCAAGATTACA
GGAACAAATGCTGAGGTCATGCCTGCCCAGTGGGAATTCCAAATAGGACCCTGTGA
AGGAATCCGCATGGGAGATCATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTAT
GTGAAGACTTTGGGGTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGG
AATGGTGCAGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGG
TCTGAAGCACATCGAGGAGGCCATCGAGAAACTAAGCAAGCGGCACCGGTACCACA
TTCGAGCCTACGATCCCAAGGGGGGCCTGGACAATGCCCGTCGTCTGACTGGGTTC
CACGAAACGTCCAACATCAACGACTTTTCTGCTGGTGTCGCCAATCGCAGTGCCAG
CATCTGCATTCCCCGGACTGTCGGCCAGGAGAAGAAAGGTTACTTTGAAGACCGCC
GCCCCTCTGCCAATTGTGACCCCTTTGCAGTGACAGAAGCCATCGTCCGCACATGC
CTTCTCAATGAGACTGGCGACGAGCCCTTCCAATACAAAAACTAA

Sequence 2 (SEQ ID NO: 17):

eGFP(SEQ ID NO: 5)-hGLUTI1(SEQ ID NO: 3)(ER(SEQ ID NO: 10))- TGAGGCGCGCC(linker)-
IRES2 (SEQ ID NO: 6)-BleoR (SEQ ID NO: 8)
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGC
TGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGA
TGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCG
TGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTA
CGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCG
AGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGA
CTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCC
ACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAG
ATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAA
CACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCC
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AGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAG
TTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGGAGCCCAG
CAGCAAGAAGCTGACGGGTCGCCTCATGCTGGCCGTGGGAGGAGCAGTGCTTGGCTCCC
TGCAGTTTGGCTACAACACTGGAGTCATCAATGCCCCCCAGAAGGTGATCGAGGAGTTCT
ACAACCAGACATGGGTCCACCGCTATGGGGAGAGCATCCTGCCCACCACGCTCACCACG
CTCTGGTCCCTCTCAGTGGCCATCTTTTCTGTTGGGGGCATGATTGGCTCCTTCTCTGTGG
GCCTTTTCGTTAACCGCTTTGGCCGGCGGAATTCAATGCTGATGATGAACCTGCTGGCCT
TCGTGTCCGCCGTGCTCATGGGCTTCTCGAAACTGGGCAAGTCCTTTGAGATGCTGATCC
TGGGCCGCTTCATCATCGGTGTGTACTGCGGCCTGACCACAGGCTTCGTGCCCATGTATG
TGGGTGAAGTGTCACCCACAGCCCTTCGTGGGGCCCTGGGCACCCTGCACCAGCTGGGC
ATCGTCGTCGGCATCCTCATCGCCCAGGTGTTCGGCCTGGACTCCATCATGGGCAACAAG
GACCTGTGGCCCCTGCTGCTGAGCATCATCTTCATCCCGGCCCTGCTGCAGTGCATCGTG
CTGCCCTTCTGCCCCGAGAGTCCCCGCTTCCTGCTCATCAACCGCAACGAGGAGAACCGG
GCCAAGAGTGTGCTAAAGAAGCTGCGCGGGACAGCTGACGTGACCCATGACCTGCAGGA
GATGAAGGAAGAGAGTCGGCAGATGATGCGGGAGAAGAAGGTCACCATCCTGGAGCTG
TTCCGCTCCCCCGCCTACCGCCAGCCCATCCTCATCGCTGTGGCTGCTGCAGCTGTCCCAGC
AGCTGTCTGGCATCAACGCTGTCTTCTATTACTCCACGAGCATCTTCGAGAAGGCGGGGG
TGCAGCAGCCTGTGTATGCCACCATTGGCTCCGGTATCGTCAACACGGCCTTCACTGTCG
TGTCGCTGTTTGTGGTGGAGCGAGCAGGCCGGCGGACCCTGCACCTCATAGGCCTCGCTG
GCATGGCGGGTTGTGCCATACTCATGACCATCGCGCTAGCACTGCTGGAGCAGCTACCCT
GGATGTCCTATCTGAGCATCGTGGCCATCTTTGGCTTTGTGGCCTTCTTTGAAGTGGGTCC
TGGCCCCATCCCATGGTTCATCGTGGCTGAACTCTTCAGCCAGGGTCCACGTCCAGCTGC
CATTGCCGTTGCAGGCTTCTCCAACTGGACCTCAAATTTCATTGTGGGCATGTGCTTCCAG
TATGTGGAGCAACTGTGCTGGTCCCTACGTCTTCATCATCTTCACTGTGCTCCTGGTTCTGT
TCTTCATCTTCACCTACTTCAAAGTTCCTGAGACTAAAGGCCGGACCTTCGATGAGATCG
CTTCCGGCTTCCGGCAGGGGGGAGCCAGCCAAAGTGACAAGACACCCGAGGAGCTGTTC
CATCCCCTGGGGGCTGATTCCCAAGTGCTGCTGACCAAGGTGAAGGGCTCCTGAGGCG
CGCCCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCC
GGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGC
CCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAA
AGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAA
GACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGG
TGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCA
GTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATT
CAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGC
CTCGGTACACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGA
ACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATGGC
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CAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTC
GAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGC
CGGTGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTG
GTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGCTGTACG
CCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCAT
GACCGAGATCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCC
GGCAACTGCGTGCACTTCGTGGCCGAGGAGCAGGACTGA

Construct set 4: hLALBA-B4GALT1-GFP-hGLUT1(NT/LGNT)

Sequence 1 (SEQ ID NO: 18):

hLALBA(SEQ ID NO: 1)- GGATCCG(linker)-IRES2(SEQ ID NO: 6)-B4GALT1(SEQ ID NO: 2)-
CTCGAG(linker)-IRES2 (SEQ ID NO: 6)-GS (SEQ ID NO: 7)
ATGAGGTTCTTTGTCCCTCTGTTCCTGGTGGGCATCCTGTTCCCTGCCATCCTGGCC
AAGCAATTCACAAAATGTGAGCTGTCCCAGCTGCTGAAAGACATAGATGGTTATGG
AGGCATCGCTTTGCCTGAATTGATCTGTACCATGTTTCACACCAGTGGTTATGACAC
ACAAGCCATAGTTGAAAACAATGAAAGCACGGAATATGGACTCTTCCAGATCAGTA
ATAAGCTTTGGTGCAAGAGCAGCCAGGTCCCTCAGTCAAGGAACATCTGTGACATC
TCCTGTGACAAGTTCCTGGATGATGACATTACTGATGACATAATGTGTGCCAAGAA
GATCCTGGATATTAAAGGAATTGACTACTGGTTGGCCCATAAAGCCCTCTGCACTG
AGAAGCTGGAACAGTGGCTTTGTGAGAAGTTGTGAGGATCCGCCCCTCTCCCTCCCCC
CCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATG
TTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCT
TCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGA
ATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCC
ACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGA
TAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGAT
GCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACA
TGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTC
CTTTGAAAAACACGATGATAATATGGCCACAACCATGAGGCTTCGGGAGCCGCTCCTG
AGCGGCAGCGCCGCGATGCCAGGCGCGTCCCTACAGCGGGCCTGCCGCCTGCTCG
TGGCCGTCTGCGCTCTGCACCTTGGCGTCACCCTCGTTTACTACCTGGCTGGCCGC
GACCTGAGCCGCCTGCCCCAACTGGTCGGAGTCTCCACACCGCTGCAGGGCGGCTC
GAACAGTGCCGCCGCCATCGGGCAGTCCTCCGGGGAGCTCCGGACCGGAGGGGCC
CGGCCGCCGCCTCCTCTAGGCGCCTCCTCCCAGCCGCGCCCGGGTGGCGACTCCAG
CCCAGTCGTGGATTCTGGCCCTGGCCCCGCTAGCAACTTGACCTCGGTCCCAGTGC
CCCACACCACCGCACTGTCGCTGCCCGCCTGCCCTGAGGAGTCCCCGCTGCTTGTG
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GGCCCCATGCTGATTGAGTTTAACATGCCTGTGGACCTGGAGCTCGTGGCAAAGCA
GAACCCAAATGTGAAGATGGGCGGCCGCTATGCCCCCAGGGACTGCGTCTCTCCTC
ACAAGGTGGCCATCATCATTCCATTCCGCAACCGGCAGGAGCACCTCAAGTACTGG
CTATATTATTTGCACCCAGTCCTGCAGCGCCAGCAGCTGGACTATGGCATCTATGTT
ATCAACCAGGCGGGAGACACTATATTCAATCGTGCTAAGCTCCTCAATGTTGGCTTT
CAAGAAGCCTTGAAGGACTATGACTACACCTGCTTTGTGTTTAGTGACGTGGACCT
CATTCCAATGAATGACCATAATGCGTACAGGTGTTTTTCACAGCCACGGCACATTTC
CGTTGCAATGGATAAGTTTGGATTCAGCCTACCTTATGTTCAGTATTTTGGAGGTGT
CTCTGCTCTAAGTAAACAACAGTTTCTAACCATCAATGGATTTCCTAATAATTATTG
GGGCTGGGGAGGAGAAGATGATGACATTTTTAACAGATTAGTTTTTAGAGGCATGT
CTATATCTCGCCCAAATGCTGTGGTCGGGAGGTGTCGCATGATCCGCCACTCAAGA
GACAAGAAAAATGAACCCAATCCTCAGAGGTTTGACCGAATTGCACACACAAAGGA
GACAATGCTCTCTGATGGTTTGAACTCACTCACCTACCAGGTGCTGGATGTACAGA
GATACCCATTGTATACCCAAATCACAGTGGACATCGGGACACCGAGCTAGCTCGAGC
CCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGT
GCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGA
AACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAA
TGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAA
CAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCT
GCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCAC
GTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAG
GGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTA
CACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGG
GGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATGGCCACCTCA
GCAAGTTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAGGG
TGAGAAAGTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACTGCGCT
GCAAAACCCGCACCCTGGACTGTGAGCCCAAGTGTGTAGAAGAGTTACCTGAGTGG
AATTTTGATGGCTCTAGTACCTTTCAGTCTGAGGGCTCCAACAGTGACATGTATCTC
AGCCCTGTTGCCATGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTT
CTGTGAAGTTTTCAAGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGT
GTAAACGGATAATGGACATGGTGAGCAACCAGCACCCCTGGTTTGGAATGGAACAG
GAGTATACTCTGATGGGAACAGATGGGCACCCTTTTGGTTGGCCTTCCAATGGCTT
TCCTGGGCCCCAAGGTCCGTATTACTGTGGTGTGGGCGCAGACAAAGCCTATGGCA
GGGATATCGTGGAGGCTCACTACCGCGCCTGCTTGTATGCTGGGGTCAAGATTACA
GGAACAAATGCTGAGGTCATGCCTGCCCAGTGGGAATTCCAAATAGGACCCTGTGA
AGGAATCCGCATGGGAGATCATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTAT
GTGAAGACTTTGGGGTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGG
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AATGGTGCAGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGG
TCTGAAGCACATCGAGGAGGCCATCGAGAAACTAAGCAAGCGGCACCGGTACCACA
TTCGAGCCTACGATCCCAAGGGGGGCCTGGACAATGCCCGTCGTCTGACTGGGTTC
CACGAAACGTCCAACATCAACGACTTITCTGCTGGTGTCGCCAATCGCAGTGCCAG
CATCTGCATTCCCCGGACTGTCGGCCAGGAGAAGAAAGGTTACTTTGAAGACCGCC
GCCCCTCTGCCAATTGTGACCCCTTTGCAGTGACAGAAGCCATCGTCCGCACATGC
CTTCTCAATGAGACTGGCGACGAGCCCTTCCAATACAAAAACTAA

Sequence 2 (SEQ ID NO: 19):

eGFP(SEQ ID NO: 5)-hGLUTI1(SEQ ID NO: 3)-IRES2(SEQ ID NO:6)-BleoR(SEQ ID NO: 8)
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGC
TGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGA
TGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCG
TGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTA
CGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCG
AGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGA
CTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCC
ACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAG
ATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAA
CACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCC
AGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAG
TTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGGAGCCCAG
CAGCAAGAAGCTGACGGGTCGCCTCATGCTGGCCGTGGGAGGAGCAGTGCTTGGCTCCC
TGCAGTTTGGCTACAACACTGGAGTCATCAATGCCCCCCAGAAGGTGATCGAGGAGTTCT
ACAACCAGACATGGGTCCACCGCTATGGGGAGAGCATCCTGCCCACCACGCTCACCACG
CTCTGGTCCCTCTCAGTGGCCATCTTTTCTGTTGGGGGCATGATTGGCTCCTTCTCTGTGG
GCCTTTTCGTTAACCGCTTTGGCCGGCGGAATTCAATGCTGATGATGAACCTGCTGGCCT
TCGTGTCCGCCGTGCTCATGGGCTTCTCGAAACTGGGCAAGTCCTTTGAGATGCTGATCC
TGGGCCGCTTCATCATCGGTGTGTACTGCGGCCTGACCACAGGCTTCGTGCCCATGTATG
TGGGTGAAGTGTCACCCACAGCCCTTCGTGGGGCCCTGGGCACCCTGCACCAGCTGGGC
ATCGTCGTCGGCATCCTCATCGCCCAGGTGTTCGGCCTGGACTCCATCATGGGCAACAAG
GACCTGTGGCCCCTGCTGCTGAGCATCATCTTCATCCCGGCCCTGCTGCAGTGCATCGTG
CTGCCCTTCTGCCCCGAGAGTCCCCGCTTCCTGCTCATCAACCGCAACGAGGAGAACCGG
GCCAAGAGTGTGCTAAAGAAGCTGCGCGGGACAGCTGACGTGACCCATGACCTGCAGGA
GATGAAGGAAGAGAGTCGGCAGATGATGCGGGAGAAGAAGGTCACCATCCTGGAGCTG
TTCCGCTCCCCCGCCTACCGCCAGCCCATCCTCATCGCTGTGGTGCTGCAGCTGTCCCAGC
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AGCTGTCTGGCATCAACGCTGTCTTCTATTACTCCACGAGCATCTTCGAGAAGGCGGGGG
TGCAGCAGCCTGTGTATGCCACCATTGGCTCCGGTATCGTCAACACGGCCTTCACTGTCG
TGTCGCTGTTTGTGGTGGAGCGAGCAGGCCGGCGGACCCTGCACCTCATAGGCCTCGCTG
GCATGGCGGGTTGTGCCATACTCATGACCATCGCGCTAGCACTGCTGGAGCAGCTACCCT
GGATGTCCTATCTGAGCATCGTGGCCATCTTTGGCTTTGTGGCCTTCTTTGAAGTGGGTCC
TGGCCCCATCCCATGGTTCATCGTGGCTGAACTCTTCAGCCAGGGTCCACGTCCAGCTGC
CATTGCCGTTGCAGGCTTCTCCAACTGGACCTCAAATTTCATTGTGGGCATGTGCTTCCAG
TATGTGGAGCAACTGTGTGGTCCCTACGTCTTCATCATCTTCACTGTGCTCCTGGTTCTGT
TCTTCATCTTCACCTACTTCAAAGTTCCTGAGACTAAAGGCCGGACCTTCGATGAGATCG
CTTCCGGCTTCCGGCAGGGGGGAGCCAGCCAAAGTGACAAGACACCCGAGGAGCTGTTC
CATCCCCTGGGGGCTGATTCCCAAGTGTGAGGCGCGCCCCCCTCTCCCTCCCCCCCCCC
TAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGT
TATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTG
TCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTC
TGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACG
TCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTG
CGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCC
ACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTC
AACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGG
GCCTCGGTACACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCC
CCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACA
ACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGC
GGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGC
CGGTGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGC
CGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGG
TCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGG
CGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACT
TCGTGGCCGAGGAGCAGGACTGA

Construct set 5: hLALBA

Sequence 1 (SEQ ID NO: 20):

hLALBA(SEQ ID NO: 1)- CTCGAG(linker)-IRES2(SEQ ID NO: 6)-GS(SEQ ID NO: 7)
ATGAGGTTCTTTGTCCCTCTGTTCCTGGTGGGCATCCTGTTCCCTGCCATCCTGGCC
AAGCAATTCACAAAATGTGAGCTGTCCCAGCTGCTGAAAGACATAGATGGTTATGG
AGGCATCGCTTTGCCTGAATTGATCTGTACCATGTTTCACACCAGTGGTTATGACAC
ACAAGCCATAGTTGAAAACAATGAAAGCACGGAATATGGACTCTTCCAGATCAGTA
ATAAGCTTTGGTGCAAGAGCAGCCAGGTCCCTCAGTCAAGGAACATCTGTGACATC
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TCCTGTGACAAGTTCCTGGATGATGACATTACTGATGACATAATGTGTGCCAAGAA
GATCCTGGATATTAAAGGAATTGACTACTGGTTGGCCCATAAAGCCCTCTGCACTG
AGAAGCTGGAACAGTGGCTTTGTGAGAAGTTGTGACTCGAGCCCCTCTCCCTCCCCCC
CCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGT
TATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTT
CTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAA
TGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGA
CCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCA
CGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGAT
AGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATG
CCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACAT
GTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCC
TTTGAAAAACACGATGATAATATGGCCACAACCATGGCCACCTCAGCAAGTTCCCACT
TGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAGGGTGAGAAAGTCCAA
GCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACTGCGCTGCAAAACCCGCAC
CCTGGACTGTGAGCCCAAGTGTGTAGAAGAGTTACCTGAGTGGAATTTTGATGGCT
CTAGTACCTTTCAGTCTGAGGGCTCCAACAGTGACATGTATCTCAGCCCTGTTGCCA
TGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTTCTGTGAAGTTTTCA
AGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGTGTAAACGGATAATG
GACATGGTGAGCAACCAGCACCCCTGGTTTGGAATGGAACAGGAGTATACTCTGAT
GGGAACAGATGGGCACCCTITTTGGTTGGCCTTCCAATGGCTTTCCTGGGCCCCAAG
GTCCGTATTACTGTGGTGTGGGCGCAGACAAAGCCTATGGCAGGGATATCGTGGAG
GCTCACTACCGCGCCTGCTTGTATGCTGGGGTCAAGATTACAGGAACAAATGCTGA
GGTCATGCCTGCCCAGTGGGAATTCCAAATAGGACCCTGTGAAGGAATCCGCATGG
GAGATCATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTATGTGAAGACTTTGGG
GTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGGAATGGTGCAGGCTG
CCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGGTCTGAAGCACATCG
AGGAGGCCATCGAGAAACTAAGCAAGCGGCACCGGTACCACATTCGAGCCTACGAT
CCCAAGGGGGGCCTGGACAATGCCCGTCGTCTGACTGGGTTCCACGAAACGTCCAA
CATCAACGACTTTTCTGCTGGTGTCGCCAATCGCAGTGCCAGCATCTGCATTCCCCG
GACTGTCGGCCAGGAGAAGAAAGGTTACTTTGAAGACCGCCGCCCCTCTGCCAATT
GTGACCCCTTTGCAGTGACAGAAGCCATCGTCCGCACATGCCTTCTCAATGAGACT
GGCGACGAGCCCTTCCAATACAAAAACTAA

Sequence 2 (SEQ ID NO: 21):
IRES2(SEQ ID NO:6)-BleoR (SEQ ID NO: 8)

40



WO 2023/121564 PCT/SG2022/050919

CCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCC
GGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGA
GGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCT
CTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGA
AGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCC
CACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCA
AAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAA
ATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCC
ATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACATGTGTTTAGTCGA
GGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAA
ACACGATGATAATATGGCCACAACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTC
ACCGCGCGCGACGCTCGCCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCG
GGACTTCGTGGAGGACGACTTCGCCGGTGTGCTCCGGGACGACGTGACCCTGTTCATCAG
CGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTCTGGGTGCGCGGCC
TGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCC
GGGCCGGCCATGACCGAGATCGGCGAGCAGCCGTCGGGGCGGGAGTTCGCCCTGCGCGA
CCCGGCCGGCAACTGCGTGCACTTCGCTGGCCGAGGAGCAGGACTGA

Construct set 6: hB4GALT1

Sequence 1(SEQ ID NO: 22):

hB4GALT1(SEQ ID NO: 2)-CTCGAG(linker)-IRES2(SEQ ID NO: 6)-GS(SEQ ID NO:7)
ATGAGGCTTCGGGAGCCGCTCCTGAGCGGCAGCGCCGCGATGCCAGGCGCGTCCC
TACAGCGGGCCTGCCGCCTGCTCGTGGCCGTCTGCGCTCTGCACCTTGGCGTCACC
CTCGTTTACTACCTGGCTGGCCGCGACCTGAGCCGCCTGCCCCAACTGGTCGGAGT
CTCCACACCGCTGCAGGGCGGCTCGAACAGTGCCGCCGCCATCGGGCAGTCCTCCG
GGGAGCTCCGGACCGGAGGGGCCCGGCCGCCGCCTCCTCTAGGCG CCTCCTCCCA
GCCGCGCCCGGGTGGCGACTCCAGCCCAGTCGTGGATTCTGGCCCTGGCCCCGCTA
GCAACTTGACCTCGGTCCCAGTGCCCCACACCACCGCACTGTCGCTGCCCGCCTGC
CCTGAGGAGTCCCCGCTGCTTGTGGGCCCCATGCTGATTGAGTTTAACATGCCTGT
GGACCTGGAGCTCGTGGCAAAGCAGAACCCAAATGTGAAGATGGGCGGCCGCTAT
GCCCCCAGGGACTGCGTCTCTCCTCACAAGGTGGCCATCATCATTCCATTCCGCAA
CCGGCAGGAGCACCTCAAGTACTGGCTATATTATTTGCACCCAGTCCTGCAGCGCC
AGCAGCTGGACTATGGCATCTATGTTATCAACCAGGCGGGAGACACTATATTCAAT
CGTGCTAAGCTCCTCAATGTTGGCTTTCAAGAAGCCTTGAAGGACTATGACTACACC
TGCTTTGTGTTTAGTGACGTGGACCTCATTCCAATGAATGACCATAATGCGTACAGG
TGTTTTTCACAGCCACGGCACATTTCCGTTGCAATGGATAAGTTTGGATTCAGCCTA
CCTTATGTTCAGTATTTTGGAGGTGTCTCTGCTCTAAGTAAACAACAGTTTCTAACC
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ATCAATGGATTTCCTAATAATTATTGGGGCTGGGGAGGAGAAGATGATGACATTTTT
AACAGATTAGTTTTTAGAGGCATGTCTATATCTCGCCCAAATGCTGTGGTCGGGAG
GTGTCGCATGATCCGCCACTCAAGAGACAAGAAAAATGAACCCAATCCTCAGAGGT
TTGACCGAATTGCACACACAAAGGAGACAATGCTCTCTGATGGTTTGAACTCACTCA
CCTACCAGGTGCTGGATGTACAGAGATACCCATTGTATACCCAAATCACAGTGGAC
ATCGGGACACCGAGCTAGctcgagCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGA
AGCCGCTTGGAATAAGGCCGGTGCTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGT
CTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGG
GTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTC
CTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAAC
CCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGC
AAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAAT
GGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGT
ATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACATGTGTTTAGTCGAGGTTAAAA
AAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATA
ATATGGCCACAACCATGGCCACCTCAGCAAGTTCCCACTTGAACAAAAACATCAAGC
AAATGTACTTGTGCCTGCCCCAGGGTGAGAAAGTCCAAGCCATGTATATCTGGGTT
GATGGTACTGGAGAAGGACTGCGCTGCAAAACCCGCACCCTGGACTGTGAGCCCAA
GTGTGTAGAAGAGTTACCTGAGTGGAATTTTGATGGCTCTAGTACCTTTCAGTCTGA
GGGCTCCAACAGTGACATGTATCTCAGCCCTGTTGCCATGTTTCGGGACCCCTTCC
GCAGAGATCCCAACAAGCTGGTGTTCTGTGAAGTTTTCAAGTACAACCGGAAGCCT
GCAGAGACCAATTTAAGGCACTCGTGTAAACGGATAATGGACATGGTGAGCAACCA
GCACCCCTGGTTTGGAATGGAACAGGAGTATACTCTGATGGGAACAGATGGGCACC
CTTTTGGTTGGCCTTCCAATGGCTTTCCTGGGCCCCAAGGTCCGTATTACTGTGGTG
TGGGCGCAGACAAAGCCTATGGCAGGGATATCGTGGAGGCTCACTACCGCGCCTGC
TTGTATGCTGGGGTCAAGATTACAGGAACAAATGCTGAGGTCATGCCTGCCCAGTG
GGAATTCCAAATAGGACCCTGTGAAGGAATCCGCATGGGAGATCATCTCTGGGTGG
CCCGTTTCATCTTGCATCGAGTATGTGAAGACTTTGGGGTAATAGCAACCTTTGACC
CCAAGCCCATTCCTGGGAACTGGAATGGTGCAGGCTGCCATACCAACTTTAGCACC
AAGGCCATGCGGGAGGAGAATGGTCTGAAGCACATCGAGGAGGCCATCGAGAAAC
TAAGCAAGCGGCACCGGTACCACATTCGAGCCTACGATCCCAAGGGGGGCCTGGAC
AATGCCCGTCGTCTGACTGGGTTCCACGAAACGTCCAACATCAACGACTTTTCTGCT
GGTGTCGCCAATCGCAGTGCCAGCATCTGCATTCCCCGGACTGTCGGCCAGGAGAA
GAAAGGTTACTTTGAAGACCGCCGCCCCTCTGCCAATTGTGACCCCTTTGCAGTGA
CAGAAGCCATCGTCCGCACATGCCTTCTCAATGAGACTGGCGACGAGCCCTTCCAA
TACAAAAACTAA
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Sequence 2 (SEQ ID NO: 23): IRES2 (SEQ ID NO: 6)-BleoR (SEQ ID NO: 8)
CCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCC
GGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGA
GGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCT
CTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGA
AGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCC
CACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCA
AAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAA
ATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCC
ATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACATGTGTTTAGTCGA
GGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAA
ACACGATGATAATATGGCCACAACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTC
ACCGCGCGCGACGTCGCCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCG
GGACTTCGTGGAGGACGACTTCGCCGGTGTGGCTCCGGGACGACGTGACCCTGTTCATCAG
CGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCC
TGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCC
GGGCCGGCCATGACCGAGATCGGCGAGCAGCCGCTCGGGGCGGGAGTTCGCCCTGCGCGA
CCCGGCCGGCAACTGCGTGCACTTCGCTGGCCGAGGAGCAGGACTGA

Construct set 7: hLALBA-B4GALT1-GFP-hGLUT1A(STS)

Sequence 1 (SEQ ID NO: 24):

hLALBA(SEQ ID NO: 1)- GGATCCG(linker)-IRES2(SEQ ID NO: 6)-hB4GALT1(SEQ ID NO:
2)- CTCGAG(linker)-IRES2 (SEQ ID NO: 6)-GS (SEQ ID NO:7)
ATGAGGTTCTTTGTCCCTCTGTTCCTGGTGGGCATCCTGTTCCCTGCCATCCTGGCC
AAGCAATTCACAAAATGTGAGCTGTCCCAGCTGCTGAAAGACATAGATGGTTATGG
AGGCATCGCTTTGCCTGAATTGATCTGTACCATGTTTCACACCAGTGGTTATGACAC
ACAAGCCATAGTTGAAAACAATGAAAGCACGGAATATGGACTCTTCCAGATCAGTA
ATAAGCTTTGGTGCAAGAGCAGCCAGGTCCCTCAGTCAAGGAACATCTGTGACATC
TCCTGTGACAAGTTCCTGGATGATGACATTACTGATGACATAATGTGTGCCAAGAA
GATCCTGGATATTAAAGGAATTGACTACTGGTTGGCCCATAAAGCCCTCTGCACTG
AGAAGCTGGAACAGTGGCTTTGTGAGAAGTTGTGAGGATCCGCCCCTCTCCCTCCCCC
CCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATG
TTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCT
TCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGA
ATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCC
ACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGA
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TAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGAT
GCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACA
TGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTC
CTTTGAAAAACACGATGATAATATGGCCACAACCATGAGGCTTCGGGAGCCGCTCCTG
AGCGGCAGCGCCGCGATGCCAGGCGCGTCCCTACAGCGGGCCTGCCGCCTGCTCG
TGGCCGTCTGCGCTCTGCACCTTGGCGTCACCCTCGTTTACTACCTGGCTGGCCGC
GACCTGAGCCGCCTGCCCCAACTGGTCGGAGTCTCCACACCGCTGCAGGGCGGCTC
GAACAGTGCCGCCGCCATCGGGCAGTCCTCCGGGGAGCTCCGGACCGGAGGGGCC
CGGCCGCCGCCTCCTCTAGGCGCCTCCTCCCAGCCGCGCCCGGGTGGCGACTCCAG
CCCAGTCGTGGATTCTGGCCCTGGCCCCGCTAGCAACTTGACCTCGGTCCCAGTGC
CCCACACCACCGCACTGTCGCTGCCCGCCTGCCCTGAGGAGTCCCCGCTGCTTGTG
GGCCCCATGCTGATTGAGTTTAACATGCCTGTGGACCTGGAGCTCGTGGCAAAGCA
GAACCCAAATGTGAAGATGGGCGGCCGCTATGCCCCCAGGGACTGCGTCTCTCCTC
ACAAGGTGGCCATCATCATTCCATTCCGCAACCGGCAGGAGCACCTCAAGTACTGG
CTATATTATTTGCACCCAGTCCTGCAGCGCCAGCAGCTGGACTATGGCATCTATGTT
ATCAACCAGGCGGGAGACACTATATTCAATCGTGCTAAGCTCCTCAATGTTGGCTTT
CAAGAAGCCTTGAAGGACTATGACTACACCTGCTTTGTGTTTAGTGACGTGGACCT
CATTCCAATGAATGACCATAATGCGTACAGGTGTTTTTCACAGCCACGGCACATTTC
CGTTGCAATGGATAAGTTTGGATTCAGCCTACCTTATGTTCAGTATTTTGGAGGTGT
CTCTGCTCTAAGTAAACAACAGTTTCTAACCATCAATGGATTTCCTAATAATTATTG
GGGCTGGGGAGGAGAAGATGATGACATTTTTAACAGATTAGTTTTTAGAGGCATGT
CTATATCTCGCCCAAATGCTGTGGTCGGGAGGTGTCGCATGATCCGCCACTCAAGA
GACAAGAAAAATGAACCCAATCCTCAGAGGTTTGACCGAATTGCACACACAAAGGA
GACAATGCTCTCTGATGGTTTGAACTCACTCACCTACCAGGTGCTGGATGTACAGA
GATACCCATTGTATACCCAAATCACAGTGGACATCGGGACACCGAGCTAGCTCGAGC
CCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGT
GCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGA
AACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAA
TGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAA
CAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCT
GCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCAC
GTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAG
GGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTA
CACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGG
GGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATGGCCACCTCA
GCAAGTTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAGGG
TGAGAAAGTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACTGCGCT
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GCAAAACCCGCACCCTGGACTGTGAGCCCAAGTGTGTAGAAGAGTTACCTGAGTGG
AATTTTGATGGCTCTAGTACCTTTCAGTCTGAGGGCTCCAACAGTGACATGTATCTC
AGCCCTGTTGCCATGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTT
CTGTGAAGTTTTCAAGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGT
GTAAACGGATAATGGACATGGTGAGCAACCAGCACCCCTGGTTTGGAATGGAACAG
GAGTATACTCTGATGGGAACAGATGGGCACCCTTTTGGTTGGCCTTCCAATGGCTT
TCCTGGGCCCCAAGGTCCGTATTACTGTGGTGTGGGCGCAGACAAAGCCTATGGCA
GGGATATCGTGGAGGCTCACTACCGCGCCTGCTTGTATGCTGGGGTCAAGATTACA
GGAACAAATGCTGAGGTCATGCCTGCCCAGTGGGAATTCCAAATAGGACCCTGTGA
AGGAATCCGCATGGGAGATCATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTAT
GTGAAGACTTTGGGGTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGG
AATGGTGCAGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGG
TCTGAAGCACATCGAGGAGGCCATCGAGAAACTAAGCAAGCGGCACCGGTACCACA
TTCGAGCCTACGATCCCAAGGGGGGCCTGGACAATGCCCGTCGTCTGACTGGGTTC
CACGAAACGTCCAACATCAACGACTTTITCTGCTGGTGTCGCCAATCGCAGTGCCAG
CATCTGCATTCCCCGGACTGTCGGCCAGGAGAAGAAAGGTTACTTTGAAGACCGCC
GCCCCTCTGCCAATTGTGACCCCTTTGCAGTGACAGAAGCCATCGTCCGCACATGC
CTTCTCAATGAGACTGGCGACGAGCCCTTCCAATACAAAAACTAA

Sequence 2 (SEQ ID NO: 25):

eGFP(SEQ ID NO: 5)-hGLUTIA(SEQ ID NO: 4)- GGCGCGCC(linker)-IRES2(SEQ ID NO: 6)-
BleoR (SEQ ID NO: 8)
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGC
TGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGA
TGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCG
TGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTA
CGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCG
AGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGA
CTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCC
ACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAG
ATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAA
CACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCC
AGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAG
TTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGGAGCCCAG
CAGCAAGAAGCTGACGGGTCGCCTCATGCTGGCCGTGGGAGGAGCAGTGCTTGGCTCCC
TGCAGTTTGGCTACAACACTGGAGTCATCAATGCCCCCCAGAAGGTGATCGAGGAGTTCT
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ACAACCAGACATGGGTCCACCGCTATGGGGAGAGCATCCTGCCCACCACGCTCACCACG
CTCTGGTCCCTCTCAGTGGCCATCTTTTCTGTTGGGGGCATGATTGGCTCCTTCTCTGTGG
GCCTTTTCGTTAACCGCTTTGGCCGGCGGAATTCAATGCTGATGATGAACCTGCTGGCCT
TCGTGTCCGCCGTGCTCATGGGCTTCTCGAAACTGGGCAAGTCCTTTGAGATGCTGATCC
TGGGCCGCTTCATCATCGGTGTGTACTGCGGCCTGACCACAGGCTTCGTGCCCATGTATG
TGGGTGAAGTGTCACCCACAGCCCTTCGTGGGGCCCTGGGCACCCTGCACCAGCTGGGC
ATCGTCGTCGGCATCCTCATCGCCCAGGTGTTCGGCCTGGACTCCATCATGGGCAACAAG
GACCTGTGGCCCCTGCTGCTGAGCATCATCTTCATCCCGGCCCTGCTGCAGTGCATCGTG
CTGCCCTTCTGCCCCGAGAGTCCCCGCTTCCTGCTCATCAACCGCAACGAGGAGAACCGG
GCCAAGAGTGTGCTAAAGAAGCTGCGCGGGACAGCTGACGTGACCCATGACCTGCAGGA
GATGAAGGAAGAGAGTCGGCAGATGATGCGGGAGAAGAAGGTCACCATCCTGGAGCTG
TTCCGCTCCCCCGCCTACCGCCAGCCCATCCTCATCGCTGTGGCTGCTGCAGCTGTCCCAGC
AGCTGTCTGGCATCAACGCTGTCTTCTATTACTCCACGAGCATCTTCGAGAAGGCGGGGG
TGCAGCAGCCTGTGTATGCCACCATTGGCTCCGGTATCGTCAACACGGCCTTCACTGTCG
TGTCGCTGTTTGTGGTGGAGCGAGCAGGCCGGCGGACCCTGCACCTCATAGGCCTCGCTG
GCATGGCGGGTTGTGCCATACTCATGACCATCGCGCTAGCACTGCTGGAGCAGCTACCCT
GGATGTCCTATCTGAGCATCGTGGCCATCTTTGGCTTTGTGGCCTTCTTTGAAGTGGGTCC
TGGCCCCATCCCATGGCTTCATCGTGGCTGAACTCTTCAGCCAGGGTCCACGTCCAGCTGC
CATTGCCGTTGCAGGCTTCTCCAACTGGACCTCAAATTTCATTGTGGGCATGTGCTTCCAG
TATGTGGAGCAACTGTGTGGTCCCTACGTCTTCATCATCTTCACTGTGCTCCTGGTTCTGT
TCTTCATCTTCACCTACTTCTGAGGCGCGCCCCCCTCTCCCTCCCCCCCCCCTAACGTT
ACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCC
ACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTT
GACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGA
ATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTA
GCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCA
AAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTG
TGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAG
GGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCG
GTACACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAA
CCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATG
GCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCGA
GTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGGTGT
GGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACA
ACACCCTGGCCTGGCGTCTCGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCGGAG
GTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGAGCA
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GCCGTCGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCGTGG
CCGAGGAGCAGGACTGA

Construct set 8: hLALBA-B4GALT1-GFP-hGLUT1A-golgi (ST6)

Sequence 1 (SEQ ID NO: 26):

hLALBA(SEQ ID NO: 1)- GGATCCG(linker)-IRES2(SEQ ID NO: 6)-hB4GALT1(SEQ ID NO:
2)- CTCGAG(linker)-IRES2 (SEQ ID NO: 6)-GS (SEQ ID NO: 7)
ATGAGGTTCTTTGTCCCTCTGTTCCTGGTGGGCATCCTGTTCCCTGCCATCCTGGCC
AAGCAATTCACAAAATGTGAGCTGTCCCAGCTGCTGAAAGACATAGATGGTTATGG
AGGCATCGCTTTGCCTGAATTGATCTGTACCATGTTTCACACCAGTGGTTATGACAC
ACAAGCCATAGTTGAAAACAATGAAAGCACGGAATATGGACTCTTCCAGATCAGTA
ATAAGCTTTGGTGCAAGAGCAGCCAGGTCCCTCAGTCAAGGAACATCTGTGACATC
TCCTGTGACAAGTTCCTGGATGATGACATTACTGATGACATAATGTGTGCCAAGAA
GATCCTGGATATTAAAGGAATTGACTACTGGTTGGCCCATAAAGCCCTCTGCACTG
AGAAGCTGGAACAGTGGCTTTGTGAGAAGTTGTGAGGATCCGCCCCTCTCCCTCCCCC
CCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATG
TTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCT
TCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGA
ATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCC
ACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGA
TAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGAT
GCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACA
TGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTC
CTTTGAAAAACACGATGATAATATGGCCACAACCATGAGGCTTCGGGAGCCGCTCCTG
AGCGGCAGCGCCGCGATGCCAGGCGCGTCCCTACAGCGGGCCTGCCGCCTGCCTCG
TGGCCGTCTGCGCTCTGCACCTTGGCGTCACCCTCGTTTACTACCTGGCTGGCCGC
GACCTGAGCCGCCTGCCCCAACTGGTCGGAGTCTCCACACCGCTGCAGGGCGGCTC
GAACAGTGCCGCCGCCATCGGGCAGTCCTCCGGGGAGCTCCGGACCGGAGGGGCC
CGGCCGCCGCCTCCTCTAGGCGCCTCCTCCCAGCCGCGCCCGGGTGGCGACTCCAG
CCCAGTCGTGGATTCTGGCCCTGGCCCCGCTAGCAACTTGACCTCGGTCCCAGTGC
CCCACACCACCGCACTGTCGCTGCCCGCCTGCCCTGAGGAGTCCCCGCTGCTTGTG
GGCCCCATGCTGATTGAGTTTAACATGCCTGTGGACCTGGAGCTCGTGGCAAAGCA
GAACCCAAATGTGAAGATGGGCGGCCGCTATGCCCCCAGGGACTGCGTCTCTCCTC
ACAAGGTGGCCATCATCATTCCATTCCGCAACCGGCAGGAGCACCTCAAGTACTGG
CTATATTATTTGCACCCAGTCCTGCAGCGCCAGCAGCTGGACTATGGCATCTATGTT
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ATCAACCAGGCGGGAGACACTATATTCAATCGTGCTAAGCTCCTCAATGTTGGCTTT
CAAGAAGCCTTGAAGGACTATGACTACACCTGCTTTGTGTTTAGTGACGTGGACCT
CATTCCAATGAATGACCATAATGCGTACAGGTGTTTTTCACAGCCACGGCACATTTC
CGTTGCAATGGATAAGTTTGGATTCAGCCTACCTTATGTTCAGTATTTTGGAGGTGT
CTCTGCTCTAAGTAAACAACAGTTTCTAACCATCAATGGATTTCCTAATAATTATTG
GGGCTGGGGAGGAGAAGATGATGACATTTTTAACAGATTAGTTTTTAGAGGCATGT
CTATATCTCGCCCAAATGCTGTGGTCGGGAGGTGTCGCATGATCCGCCACTCAAGA
GACAAGAAAAATGAACCCAATCCTCAGAGGTTTGACCGAATTGCACACACAAAGGA
GACAATGCTCTCTGATGGTTTGAACTCACTCACCTACCAGGTGCTGGATGTACAGA
GATACCCATTGTATACCCAAATCACAGTGGACATCGGGACACCGAGCTAGCTCGAGC
CCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGT
GCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGA
AACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAA
TGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAA
CAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCT
GCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCAC
GTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAG
GGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTA
CACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGG
GGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATGGCCACCTCA
GCAAGTTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAGGG
TGAGAAAGTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACTGCGCT
GCAAAACCCGCACCCTGGACTGTGAGCCCAAGTGTGTAGAAGAGTTACCTGAGTGG
AATTTTGATGGCTCTAGTACCTTTCAGTCTGAGGGCTCCAACAGTGACATGTATCTC
AGCCCTGTTGCCATGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTT
CTGTGAAGTTTTCAAGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGT
GTAAACGGATAATGGACATGGTGAGCAACCAGCACCCCTGGTTTGGAATGGAACAG
GAGTATACTCTGATGGGAACAGATGGGCACCCTTTTGGTTGGCCTTCCAATGGCTT
TCCTGGGCCCCAAGGTCCGTATTACTGTGGTGTGGGCGCAGACAAAGCCTATGGCA
GGGATATCGTGGAGGCTCACTACCGCGCCTGCTTGTATGCTGGGGTCAAGATTACA
GGAACAAATGCTGAGGTCATGCCTGCCCAGTGGGAATTCCAAATAGGACCCTGTGA
AGGAATCCGCATGGGAGATCATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTAT
GTGAAGACTTTGGGGTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGG
AATGGTGCAGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGG
TCTGAAGCACATCGAGGAGGCCATCGAGAAACTAAGCAAGCGGCACCGGTACCACA
TTCGAGCCTACGATCCCAAGGGGGGCCTGGACAATGCCCGTCGTCTGACTGGGTTC
CACGAAACGTCCAACATCAACGACTTTTCTGCTGGTGTCGCCAATCGCAGTGCCAG
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CATCTGCATTCCCCGGACTGTCGGCCAGGAGAAGAAAGGTTACTTTGAAGACCGCC
GCCCCTCTGCCAATTGTGACCCCTTTGCAGTGACAGAAGCCATCGTCCGCACATGC
CTTCTCAATGAGACTGGCGACGAGCCCTTCCAATACAAAAACTAA

Sequence 2 (SEQ ID NO: 27):

eGFP(SEQ ID NO: 5)-hGLUTIA(SEQ ID NO: 4) (golgi(SEQ ID NO: 11))-
TGAGGCGCGCC(linker)-IRES2(SEQ ID NO:6)-BleoR(SEQ ID NO: 8)
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGC
TGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGA
TGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCG
TGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTA
CGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCG
AGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGA
CTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCC
ACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAG
ATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAA
CACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCC
AGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAG
TTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGGAGCCCAG
CAGCAAGAAGCTGACGGGTCGCCTCATGCTGGCCGTGGGAGGAGCAGTGCTTGGCTCCC
TGCAGTTTGGCTACAACACTGGAGTCATCAATGCCCCCCAGAAGGTGATCGAGGAGTTCT
ACAACCAGACATGGGTCCACCGCTATGGGGAGAGCATCCTGCCCACCACGCTCACCACG
CTCTGGTCCCTCTCAGTGGCCATCTTTTCTGTTGGGGGCATGATTGGCTCCTTCTCTGTGG
GCCTTTTCGTTAACCGCTTTGGCCGGCGGAATTCAATGCTGATGATGAACCTGCTGGCCT
TCGTGTCCGCCGTGCTCATGGGCTTCTCGAAACTGGGCAAGTCCTTTGAGATGCTGATCC
TGGGCCGCTTCATCATCGGTGTGTACTGCGGCCTGACCACAGGCTTCGTGCCCATGTATG
TGGGTGAAGTGTCACCCACAGCCCTTCGTGGGGCCCTGGGCACCCTGCACCAGCTGGGC
ATCGTCGTCGGCATCCTCATCGCCCAGGTGTTCGGCCTGGACTCCATCATGGGCAACAAG
GACCTGTGGCCCCTGCTGCTGAGCATCATCTTCATCCCGGCCCTGCTGCAGTGCATCGTG
CTGCCCTTCTGCCCCGAGAGTCCCCGCTTCCTGCTCATCAACCGCAACGAGGAGAACCGG
GCCAAGAGTGTGCTAAAGAAGCTGCGCGGGACAGCTGACGTGACCCATGACCTGCAGGA
GATGAAGGAAGAGAGTCGGCAGATGATGCGGGAGAAGAAGGTCACCATCCTGGAGCTG
TTCCGCTCCCCCGCCTACCGCCAGCCCATCCTCATCGCTGTGGCTGCTGCAGCTGTCCCAGC
AGCTGTCTGGCATCAACGCTGTCTTCTATTACTCCACGAGCATCTTCGAGAAGGCGGGGG
TGCAGCAGCCTGTGTATGCCACCATTGGCTCCGGTATCGTCAACACGGCCTTCACTGTCG
TGTCGCTGTTTGTGGTGGAGCGAGCAGGCCGGCGGACCCTGCACCTCATAGGCCTCGCTG

49



WO 2023/121564 PCT/SG2022/050919

GCATGGCGGGTTGTGCCATACTCATGACCATCGCGCTAGCACTGCTGGAGCAGCTACCCT
GGATGTCCTATCTGAGCATCGTGGCCATCTTTGGCTTTGTGGCCTTCTTTGAAGTGGGTCC
TGGCCCCATCCCATGGTTCATCGTGGCTGAACTCTTCAGCCAGGGTCCACGTCCAGCTGC
CATTGCCGTTGCAGGCTTCTCCAACTGGACCTCAAATTTCATTGTGGGCATGTGCTTCCAG
TATGTGGAGCAACTGTGTGGTCCCTACGTCTTCATCATCTTCACTGTGCTCCTGGTTCTGT
TCTTCATCTTCACCTACTTCCCCAGACAAGACACTACATCCATCCAACAAGGAGAAAC
AGCTTCAAAGGAGAGAGTTATTGGTGTGTGAGGCGCGCCCCCCTCTCCCTCCCCCCCC
CCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTA
TTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCT
TGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATG
TCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACC
CTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACG
TGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAG
TTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCC
CAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACATGT
GTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTT
TGAAAAACACGATGATAATATGGCCACAACCATGGCCAAGTTGACCAGTGCCGTTCC
GGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCGAGTTCTGGACCGACCGGCTC
GGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGGACGACG
TGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCC
TGGGTGTGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGT
CCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGAGCAGCC
GTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCGTG
GCCGAGGAGCAGGACTGA

Construct set 9: hLALBA-B4GALT1-GFP-hGLUT1-golgi (ST4)

Sequence 1(SEQ ID NO: 28):

hLALBA (SEQ ID NO: 1)- GGATCCG(linker)-IRES2(SEQ ID NO: 6)-B4GALT1 (SEQ ID NO:
2)- CTCGAG(linker)-IRES2(SEQ ID NO: 6)-GS(SEQ ID NO: 7)
ATGAGGTTCTTTGTCCCTCTGTTCCTGGTGGGCATCCTGTTCCCTGCCATCCTGGCC
AAGCAATTCACAAAATGTGAGCTGTCCCAGCTGCTGAAAGACATAGATGGTTATGG
AGGCATCGCTTTGCCTGAATTGATCTGTACCATGTTTCACACCAGTGGTTATGACAC
ACAAGCCATAGTTGAAAACAATGAAAGCACGGAATATGGACTCTTCCAGATCAGTA
ATAAGCTTTGGTGCAAGAGCAGCCAGGTCCCTCAGTCAAGGAACATCTGTGACATC
TCCTGTGACAAGTTCCTGGATGATGACATTACTGATGACATAATGTGTGCCAAGAA
GATCCTGGATATTAAAGGAATTGACTACTGGTTGGCCCATAAAGCCCTCTGCACTG
AGAAGCTGGAACAGTGGCTTTGTGAGAAGTTGTGAGGATCCGCCCCTCTCCCTCCCCC
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CCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATG
TTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCT
TCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGA
ATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCC
ACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGA
TAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGAT
GCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTTACA
TGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTC
CTTTGAAAAACACGATGATAATATGGCCACAACCATGAGGCTTCGGGAGCCGCTCCTG
AGCGGCAGCGCCGCGATGCCAGGCGCGTCCCTACAGCGGGCCTGCCGCCTGCTCG
TGGCCGTCTGCGCTCTGCACCTTGGCGTCACCCTCGTTTACTACCTGGCTGGCCGC
GACCTGAGCCGCCTGCCCCAACTGGTCGGAGTCTCCACACCGCTGCAGGGCGGCTC
GAACAGTGCCGCCGCCATCGGGCAGTCCTCCGGGGAGCTCCGGACCGGAGGGGCC
CGGCCGCCGCCTCCTCTAGGCGCCTCCTCCCAGCCGCGCCCGGGTGGCGACTCCAG
CCCAGTCGTGGATTCTGGCCCTGGCCCCGCTAGCAACTTGACCTCGGTCCCAGTGC
CCCACACCACCGCACTGTCGCTGCCCGCCTGCCCTGAGGAGTCCCCGCTGCTTGTG
GGCCCCATGCTGATTGAGTTTAACATGCCTGTGGACCTGGAGCTCGTGGCAAAGCA
GAACCCAAATGTGAAGATGGGCGGCCGCTATGCCCCCAGGGACTGCGTCTCTCCTC
ACAAGGTGGCCATCATCATTCCATTCCGCAACCGGCAGGAGCACCTCAAGTACTGG
CTATATTATTTGCACCCAGTCCTGCAGCGCCAGCAGCTGGACTATGGCATCTATGTT
ATCAACCAGGCGGGAGACACTATATTCAATCGTGCTAAGCTCCTCAATGTTGGCTTT
CAAGAAGCCTTGAAGGACTATGACTACACCTGCTTTGTGTTTAGTGACGTGGACCT
CATTCCAATGAATGACCATAATGCGTACAGGTGTTTTTCACAGCCACGGCACATTTC
CGTTGCAATGGATAAGTTTGGATTCAGCCTACCTTATGTTCAGTATTTTGGAGGTGT
CTCTGCTCTAAGTAAACAACAGTTTCTAACCATCAATGGATTTCCTAATAATTATTG
GGGCTGGGGAGGAGAAGATGATGACATTTTTAACAGATTAGTTTTTAGAGGCATGT
CTATATCTCGCCCAAATGCTGTGGTCGGGAGGTGTCGCATGATCCGCCACTCAAGA
GACAAGAAAAATGAACCCAATCCTCAGAGGTTTGACCGAATTGCACACACAAAGGA
GACAATGCTCTCTGATGGTTTGAACTCACTCACCTACCAGGTGCTGGATGTACAGA
GATACCCATTGTATACCCAAATCACAGTGGACATCGGGACACCGAGCTAGctcgagCCC
CTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGC
GTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAA
CCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGC
AAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACA
ACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGC
GGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGT
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TGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGG
GGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTAC
ACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGG
GACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATGGCCACCTCAG
CAAGTTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAGGGT
GAGAAAGTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACTGCGCTG
CAAAACCCGCACCCTGGACTGTGAGCCCAAGTGTGTAGAAGAGTTACCTGAGTGGA
ATTTTGATGGCTCTAGTACCTTTCAGTCTGAGGGCTCCAACAGTGACATGTATCTCA
GCCCTGTTGCCATGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTTC
TGTGAAGTTTTCAAGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGTG
TAAACGGATAATGGACATGGTGAGCAACCAGCACCCCTGGTTTGGAATGGAACAGG
AGTATACTCTGATGGGAACAGATGGGCACCCTTTTGGTTGGCCTTCCAATGGCTTTC
CTGGGCCCCAAGGTCCGTATTACTGTGGTGTGGGCGCAGACAAAGCCTATGGCAGG
GATATCGTGGAGGCTCACTACCGCGCCTGCTTGTATGCTGGGGTCAAGATTACAGG
AACAAATGCTGAGGTCATGCCTGCCCAGTGGGAATTCCAAATAGGACCCTGTGAAG
GAATCCGCATGGGAGATCATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTATGT
GAAGACTTTGGGGTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGGAA
TGGTGCAGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGGTC
TGAAGCACATCGAGGAGGCCATCGAGAAACTAAGCAAGCGGCACCGGTACCACATT
CGAGCCTACGATCCCAAGGGGGGCCTGGACAATGCCCGTCGTCTGACTGGGTTCCA
CGAAACGTCCAACATCAACGACTTTTCTGCTGGTGTCGCCAATCGCAGTGCCAGCA
TCTGCATTCCCCGGACTGTCGGCCAGGAGAAGAAAGGTTACTTTGAAGACCGCCGC
CCCTCTGCCAATTGTGACCCCTTTGCAGTGACAGAAGCCATCGTCCGCACATGCCTT
CTCAATGAGACTGGCGACGAGCCCTTCCAATACAAAAACTAA

Sequence 2 (SEQ ID NO: 29):

eGFP (SEQ ID NO: 5)-hGLUT1(SEQ ID NO: 3) (golgi (SEQ ID NO: 11))-
TGAGGCGCGCC(linker)-IRES2(SEQ ID NO: 6)-BleoR(SEQ ID NO: 8)
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGC
TGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGA
TGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCG
TGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTA
CGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCG
AGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGA
CTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCC
ACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAG
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ATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAA
CACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCC
AGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAG
TTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGGAGCCCAG
CAGCAAGAAGCTGACGGGTCGCCTCATGCTGGCCGTGGGAGGAGCAGTGCTTGGCTCCC
TGCAGTTTGGCTACAACACTGGAGTCATCAATGCCCCCCAGAAGGTGATCGAGGAGTTCT
ACAACCAGACATGGGTCCACCGCTATGGGGAGAGCATCCTGCCCACCACGCTCACCACG
CTCTGGTCCCTCTCAGTGGCCATCTTTTCTGTTGGGGGCATGATTGGCTCCTTCTCTGTGG
GCCTTTTCGTTAACCGCTTTGGCCGGCGGAATTCAATGCTGATGATGAACCTGCTGGCCT
TCGTGTCCGCCGTGCTCATGGGCTTCTCGAAACTGGGCAAGTCCTTTGAGATGCTGATCC
TGGCGCCGCTTCATCATCGGTGTGTACTGCGGCCTGACCACAGGCTTCGTGCCCATGTATG
TGGGTGAAGTGTCACCCACAGCCCTTCGTGGGGCCCTGGGCACCCTGCACCAGCTGGGC
ATCGTCGTCGGCATCCTCATCGCCCAGGTGCTTCGGCCTGGACTCCATCATGGGCAACAAG
GACCTGTGGCCCCTGCTGCTGAGCATCATCTTCATCCCGGCCCTGCTGCAGTGCATCGTG
CTGCCCTTCTGCCCCGAGAGTCCCCGCTTCCTGCTCATCAACCGCAACGAGGAGAACCGG
GCCAAGAGTGTGCTAAAGAAGCTGCGCGGGACAGCTGACGTGACCCATGACCTGCAGGA
GATGAAGGAAGAGAGTCGGCAGATGATGCGGGAGAAGAAGGTCACCATCCTGGAGCTG
TTCCGCTCCCCCGCCTACCGCCAGCCCATCCTCATCGCTCTGGCTGCTGCAGCTGTCCCAGC
AGCTGTCTGGCATCAACGCTGTCTTCTATTACTCCACGAGCATCTTCGAGAAGGCGGGGG
TGCAGCAGCCTGTGTATGCCACCATTGGCTCCGGTATCGTCAACACGGCCTTCACTGTCG
TGTCGCTGTTTGTGGTGGAGCGAGCAGGCCGGCGGACCCTGCACCTCATAGGCCTCGCTG
GCATGGCGGGTTGTGCCATACTCATGACCATCGCGCTAGCACTGCTGGAGCAGCTACCCT
GGATGTCCTATCTGAGCATCGTGGCCATCTTTGGCTTTGTGGCCTTCTTTGAAGTGGGTCC
TGGCCCCATCCCATGGCTTCATCGTGGCTGAACTCTTCAGCCAGGGTCCACGTCCAGCTGC
CATTGCCGTTGCAGGCTTCTCCAACTGGACCTCAAATTTCATTGTGGGCATGTGCTTCCAG
TATGTGGAGCAACTGTGTGGTCCCTACGTCTTCATCATCTTCACTGTGCTCCTGGTTCTGT
TCTTCATCTTCACCTACTTCAAAGTTCCTGAGACTAAAGGCCGGACCTTCGATGAGATCG
CTTCCGGCTTCCGGCAGGGGGGAGCCAGCCAAAGTGACAAGACACCCGAGGAGCTGTTC
CATCCCCTGGGGGCTGATTCCCAAGTGCCCAGACAAGACACTACATCCATCCAACAAG
GAGAAACAGCTTCAAAGGAGAGAGTTATTGGTGTGTGAGGCGCGCCCCCCTCTCCCTC
CCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTA
TATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCT
GTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTG
TTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTA
GCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAA
GCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTT
GGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAG

53



WO 2023/121564 PCT/SG2022/050919

GATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTACACATGCTTT
ACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGT
TTTCCTTTGAAAAACACGATGATAATATGGCCACAACCATGGCCAAGTTGACCAGTGC
CGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCGAGTTCTGGACCGAC
CGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGG
ACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACC
CTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCGGAGG
TCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGA
GCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCAC
TTCGTGGCCGAGGAGCAGGACTGA

ER localization sequence is LLTKVKGS (SEQ ID NO: 30)

Golgi localization sequence is PRQDTTSIQQGETASKERVIGV (SEQ ID NO: 31) or
TTSIQQGETASKERVIGV (SEQ ID NO: 32; CST C-terminal 18 amino acids)

CST C-terminal Golgi localisation sequence (nucleic acid):
ACTACATCCATCCAACAAGGAGAAACAGCTTCAAAGGAGAGAGTTATTGGTGTG (SEQ ID
NO: 33)
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CLAIMS
What is claimed is:

1. A recombinant cell for producing lactose, wherein said recombinant cell comprises one or
more expression constructs that encode an alpha-lactalbumin (LALBA) and a beta-1,4-
galactosyltransferase 1 (B4GalT1).

2, One or more expression constructs, wherein the expression constructs comprise
polynucleotides encoding an alpha-lactalbumin (LALBA) and a beta-1,4-galactosyltransferase 1
(B4GalT1).

3. The recombinant cell of claim 1, or the expression constructs of claim 2, wherein the one or
more expression constructs encode an additional glucose transporter.

4. The recombinant cell or expression constructs of any one of the preceding claims, wherein the
glucose transporter is selected from the group consisting of a glucose transporter 1 (GLUT1), a
glucose transporter 8 (GLUTS), a glucose transporter 12 (GLUT12), and a sodium-glucose transporter
(SGLT1).

5. The recombinant cell or expression constructs of any one of the preceding claims, wherein the
glucose transporter is a glucose transporter 1 (GLUT1).

6. The recombinant cell or expression constructs of any one of the preceding claims, wherein the
glucose transporter is from a mammal.

7. The recombinant cell or expression constructs of any one of the preceding claims, wherein the
glucose transporter is a human glucose transporter 1 (huGLUT1).

8. The recombinant cell or expression constructs of any one of the preceding claims, wherein the

glucose transporter is a full-length GLUT1 or C-terminal truncated GLUT1.

9. The recombinant cell or expression constructs of any one of the preceding claims, wherein the
alpha-lactalbumin (LALBA) and the beta-1,4-galactosyltransferase 1 (B4GalT1) are from the same
mammalian species.

10. The recombinant cell or expression constructs of any one of the preceding claims, wherein
both the alpha-lactalbumin (LALBA) and the beta-1,4-galactosyltransferase 1 (B4GalT1) are from
human.

11. The recombinant cell or expression constructs of any one of the preceding claims, wherein
both the alpha-lactalbumin (LALBA) and the beta-1,4-galactosyltransferase 1 (B4GalT1) are from
hamster.

12. The recombinant cell or expression constructs of any one of the preceding claims, wherein the
one or more expression constructs are mammalian expression vector.

13. The recombinant cell of any one of claims 1 and 3-12, wherein the cell is of mammalian

origin.
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14.

15.

The recombinant cell or expression constructs of any one of the claims 1-13, wherein the
sequences encoding alpha-lactalbumin (LALBA), beta-1,4-galactosyltransferase 1
(B4GalT1), glucose transporter, and combinations thereof, are engineered in at least one, at
least two, at least three or at least four constructs.

The recombinant cell of any one of claims 1, and 3-14, wherein the recombinant cell

comprises:

or

or

or

an expression construct that encodes an alpha-lactalbumin (LALBA), a beta-1,4-
galactosyltransferase 1 (B4GalT1), a glucose transporter 1 (GLUT1), and a marker protein,
wherein C-terminus of LALBA is linked to N-terminus of B4GalT1, C-terminus of
B4GalT1 is linked to N-terminus of GLUT1, and C-terminus of GLUT1 is fused to
N-terminus of the marker protein
and an expression construct that encodes a beta-1,4-galactosyltransferase 1 (B4GalT1) and an
alpha-lactalbumin (LALBA),
wherein C-terminus of B4GalT1 is linked to N-terminus of LALBA;

an expression construct that encodes an alpha-lactalbumin (LALBA), a beta-1,4-
galactosyltransferase 1 (B4GalT1), a marker protein, a glucose transporter 1 (huGLUT1), and
an ER localization signal,
wherein C-terminus of LALBA is linked to N-terminus of B4GalT1, C-terminus of
B4GalT1 is linked to N-terminus of the marker protein, C-terminus of the marker
protein is linked to N-terminus of GLUT1, and C-terminus of GLUT1 is linked to N-
terminus of the ER localization signal
and an expression construct that encodes a beta-1,4-galactosyltransferase 1 (B4GalT1) and an
alpha-lactalbumin (LALBA),
wherein C-terminus of B4GalT1 is linked to N-terminus of LALBA;

an expression construct that encodes an alpha-lactalbumin (LALBA), a beta-1,4-
galactosyltransferase 1 (B4GalT1), a marker protein, and a glucose transporter 1 (GLUT1),
wherein C-terminus of LALBA is linked to N-terminus of B4GalT1, C-terminus of
B4GalT]1 is linked to N-terminus of the marker protein, and C-terminus of the marker
protein is linked to N-terminus of GLUT1
and an expression construct that encodes a beta-1,4-galactosyltransferase 1 (B4GalT1) and an
alpha-lactalbumin (LALBA),
wherein C-terminus of B4GalT1 is linked to N-terminus of LALBA;

a first expression construct that encodes an alpha-lactalbumin (LALBA)

and a second expression construct that encodes a beta-1,4-galactosyltransferase 1 (B4GalT1);
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or

or

or

or

an expression construct that encodes an alpha-lactalbumin (LALBA), a beta-1,4-
galactosyltransferase 1 (B4GalT1), a marker protein, and a C-terminal truncated glucose
transporter 1 (GLUTI1A),
wherein C-terminus of LALBA is linked to N-terminus of B4GalT1, C-terminus of
B4GalT1 is linked to N-terminus of the marker protein, and C-terminus of the marker
protein is linked to N-terminus of GLUT1A
and an expression construct that encodes a beta-1,4-galactosyltransferase 1 (B4GalT1) and an
alpha-lactalbumin (LALBA),
wherein C-terminus of B4GalT1 is linked to N-terminus of LALBA;

an expression construct that encodes an alpha-lactalbumin (LALBA), a beta-1,4-
galactosyltransferase 1 (B4GalT1), a marker protein, a C-terminal truncated glucose
transporter 1 (GLUT1A), and a Golgi localization sequence,
wherein C-terminus of LALBA is linked to N-terminus of B4GalT1, C-terminus of
B4GalT1 is linked to N-terminus of the marker protein, C-terminus of the marker
protein is linked to N-terminus of GLUT1A, and C-terminus of GLUT1A is linked to
N-terminus of the Golgi localization sequence
and an expression construct that encodes a beta-1,4-galactosyltransferase 1 (B4GalT1) and an
alpha-lactalbumin (LALBA),
wherein C-terminus of B4GalT1 is linked to N-terminus of LALBA;

an expression construct that encodes an alpha-lactalbumin (LALBA), a beta-1,4-
galactosyltransferase 1 (B4GalT1), a marker protein, a glucose transporter 1 (huGLUT1), and
a Golgi localization sequence,
wherein C-terminus of LALBA is linked to N-terminus of B4GalT1, C-terminus of
B4GalT1 is linked to N-terminus of the marker protein, C-terminus of the marker
protein is linked to N-terminus of GLUT1, and C-terminus of GLUT1 is linked to N-
terminus of C-terminal of the Golgi localization sequence
and an expression construct that encodes a beta-1,4-galactosyltransferase 1 (B4GalT1) linked
to alpha-lactalbumin (LALBA)
wherein C-terminus of B4GalT1 is linked to N-terminus of LALBA;

an expression construct that encodes an alpha-lactalbumin (LALBA), a beta-1,4-

galactosyltransferase 1 (B4GalT1), a marker protein, and a glucose transporter 1 (GLUT1),
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wherein C-terminus of LALBA is linked to N-terminus of B4GalT1, C-terminus of
B4GalT1 is linked to N-terminus of the marker protein, and C-terminus of the marker
protein is linked to N-terminus of GLUT1.
16. The recombinant cell of any one of claims 1, and 3-15, wherein the expression constructs
comprise, if present, the following:
- sequences having at least 90% or 95% or 98% or 100% sequence identity with SEQ ID NO: 1
(alpha-lactalbumin (LALBA));
- sequences having at least 90% or 95% or 98% or 100% sequence identity with SEQ ID NO: 2 (beta-
1,4-galactosyltransferase 1 (B4GalT1)); and
- sequences having at least 90% or 95% or 98% or 100% sequence identity with SEQ ID NO: 3
(glucose transporter 1 (GLUT1)); or
- sequences having at least 90% or 95% or 98% or 100% sequence identity with SEQ ID NO: 4 (C-
terminal truncated glucose transporter 1 (GLUT1A)).
17. The expression constructs of any one of claims 2-16, comprising the following:
- polynucleotide sequences having at least 90% or 95% or 98% or 100% sequence identity with SEQ
ID NO: 1 (alpha-lactalbumin (LALBA));
- polynucleotide sequences having at least 90% or 95% or 98% or 100% sequence identity with SEQ
ID NO: 2 (beta-1,4-galactosyltransferase 1 (B4GalT1)); and optionally
- polynucleotide sequences having at least 90% or 95% or 98% or 100% sequence identity with SEQ
ID NO: 3 (glucose transporter 1 (GLUT1)); or
- polynucleotide sequences having at least 90% or 95% or 98% or 100% sequence identity with SEQ
ID NO: 4 (C-terminal truncated glucose transporter 1 (GLUTI1A)).
18. A method of producing lactose using the recombinant cell of any one of claims 1 and 3-16,

wherein the method comprises the steps of:

i) culturing the recombinant cell of any one of the preceding claims, and

ii) detecting lactose from the recombinant cell culture media in 1).
19. A cell culture comprising the recombinant cell of any one of claims 1 and 3-16, and a culture
medium.
20. A cryopreserved cell culture comprising the recombinant cell of any one of claims 1 and 3-16.
21. The recombinant cell of any one of claims 1 and 3-16, wherein the lactose is further modified

within said cell to produce human milk oligosaccharides (HMOs).

22. The recombinant cell of claim 21, wherein the human milk oligosaccharides (HMOs)
produced include but not limited to sialyl-lactose, lacto-N-neotetraose (LNnT), sialyl-LNnT, para-
lacto-N-hexaose (para-LNH), sialyl-para-LNH, para-lacto-N-octaose.

23. The recombinant cell of claim 22, wherein the sialyl-lactose is a 3” sialyl-lactose (3’SL).

58



