University of

"1l Kent Academic Repository

Lonza Ltd (2017) Modulation of lipid metabolism for protein production.
W02017191165A1.

Downloaded from
https://kar.kent.ac.uk/85781/ The University of Kent's Academic Repository KAR

The version of record is available from
https://doi.org/W02017191165A1

This document version
Other

DOI for this version

Licence for this version
CC BY-NC-ND (Attribution-NonCommercial-NoDerivatives)

Additional information

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site.
Cite as the published version.

Author Accepted Manuscripts

If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) 'Title of article'. To be published in Title

of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date).

Enquiries

If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see

our Take Down policy (available from https://www.kent.ac.uk/quides/kar-the-kent-academic-repository#policies).



https://kar.kent.ac.uk/85781/
https://doi.org/WO2017191165A1
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property <3

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2017/191165 Al

09 November 2017 (09.11.2017) WIPO I PCT

(51)

International Patent Classification:
C12P 21/00 (2006.01) CO7K 14/47 (2006.01)
C12N 9/02 (2006.01)

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ, LA, LC, LK, LR, LS, LU, LY,MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

(21) International Application Number: CT/EP20 17106045 PA. PE, PG, P4, PL, PT, OA. RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY,TH, TJ, TM, TN, TR,

(22) International Filing Date: TT,TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
03 May 2017 (03.05.2017) (84) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind d regional protection available): ARIPO (BW, GH,
" ; . GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
(26) Publication L anginage: English UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(30) Priority Data: TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
62/330,973 03 May 2016 (03.05.2016) us EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
. MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(71) Applicant: LONZA LTD [CH/CH]; Lonzastrasse, 3930

(72)

(81)

Visp (CH).

Inventors. BUDGE, James; The University of Kent, The
Registry, Canterbury Kent CT2 7NZ (GB). SMALES,
Christopher Mark; 37 Ethelbert Rd, Canterbury Kent CT1
3NF (GB). KNIGHT, Tanya; 32 Kings Road, Heme Bay,
Kent Kent CT6 5DA (GB). YOUNG, Raobert; Research &
Technology, Lonza Biologies Pic, 228 Bath Road, Slough
Berkshire SL1 (GB).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT,AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
— with international search report (Art. 21(3))

(54) Title: MODULATION OF LIPID METABOLISM FOR PROTEIN PRODUCTION

0.25 H

0.20 ~

0.15 A

0.10 A

0.05 H

Specific Productivity (pg/cell/h)

0.00

Control SCD1

SREBF1 SREB410
Cell Pool

w0 2017/191165 A1 |00 0O

FIG. 16B
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MODULATION OF LIPID METABOLISM FOR PROTEIN PRODUCTION

RELATEDAPPLICATIONS
This application claims priority to U.S. Serial No.: 62/330973, filed May 3, 2016, the

entire contents of which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
The present disclosure relates to methods and compositions for modulating the lipid
metabolism pathways of a cell and engineering cells and cell lines for production of a product,

e.g., arecombinant protein.

BACKGROUND

Recombinant therapeutic proteins are commonly expressed in cell expression systems,
e.g., mammalian cell expression systems. 1n 2014, the total number of market approved
biopharmaceuticals was 212, and 56% of the therapeutic products approved for market by the
FDA are produced in mammalian cell lines. However, the high cost associated with production
contributes to increasing global health costs.

Moreover, next generation protein biologies (NGBS) such as next generation fusion
proteins, multimeric glycoproteins, or next generation antibodies often have a complex and/or
non-natural structure and are proving more difficult to express than molecules such as
monoclonal antibodies. Current host cell lines have not evolved pathways for the efficient
synthesis and secretion of NGBS, resulting in significantly reduced growth, low productivity and
often resulting in products with poor product quality attributes. Thus, these NGBs are
considered difficult to express, in which the productivity and product quality do not meet clinical
and market needs.

Accordingly, there is an increasing need to develop and produce recombinant

biotherapeutics rapidly, efficiently, and cost-effectively while maintaining final product quality.

SUMMARY
The present disclosure is based, in part, on the discovery that modulation of lipid
metabolism pathways by overexpression of a component of one or more lipid metabolism

pathways increases the productivity and product quality of a cell that produces arecombinant
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polypeptide product. Here, it is demonstrated that modulation of the lipid metabolism, e.g., by
modulating one or more lipid metabolism pathways, can be used to engineer cells and cell-free
systems that produce higher yields of products and products with improved quality. Importantly,
the present disclosure features global regulation of lipid metabolism by using global regulators
that modulate more than one process or pathway associated with lipid metabolism, thereby
causing multiple downstream effects to achieve improved product production and quality. The
methods and compositions described herein are particularly useful for improved production of
recombinant products or next generation biologies (e.g., fusion proteins, bispecific or multi-
format antibody molecules, multimeric proteins, and glycosylated proteins), and for development
of more efficient systems for production of such products (e.g., cell lines or cell-free systems).
In one aspect, the present disclosure features amethod for producing a product described
herein in acell. In an embodiment, the product is apolypeptide, e.g., arecombinant
polypeptide. In one embodiment, the method comprises providing a cell comprising a
modification that modulates lipid metabolism, and culturing the cell, e.g., under conditions
suitable for modulation of lipid metabolism by the modification, thereby producing the product.
In another aspect, the present disclosure features a method for producing product, eg., a
polypeptide, e.g., arecombinant polypeptide, in acell-free system comprising: providing a cell-
free system comprising a modification that modulates lipid metabolism, e.g., a cell-free system
derived from a cell or cell line comprising a modification that modulates lipid metabolism, and
placing the cell-free system under conditions suitable for production of the product; thereby
producing the product, e.g., polypeptide, e.g., recombinant polypeptide. In one embodiment, the
cell-free system is derived from acell or cell line comprising amodification that modulates lipid
metabolism. In one embodiment, the cell-free system comprises one or more components, e.g.,
an organelle or portion of an organelle, from acell or cell line comprising a modification that
modulates lipid metabolism. In some embodiments, the modification comprises an exogenous
nucleic acid encoding alipid metabolism modulator (LMM) and wherein the cell or cell line
expresses aLMM, e.g., an LMM selected from the group consisting of SREBF1, SREBF2,
SCDI, SCD2, SCD3, SCD4, SCD5, or afunctional fragment thereof. In some embodiments, the
LMM alters one or more characteristics of a cell-free system selected from the group consisting
of: increases the production, e.g., yield and rate of production, of the product, e.g., polypeptide,

e.g., recombinant polypeptide (NGB) produced; and increases the quality, e.g., decreases
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aggregation, decreases glycosylation heterogeneity, decreases fragmentation, and increases ratio

of properly folded to misfolded or unfolded product, of the product.

Examples of products that can be produced using any of the methods or compositions
described herein include recombinant products, or products in which at least one portion or
moiety is aresult of genetic engineering. Recombinant products described herein can be useful
for diagnostic or therapeutic purposes. In one embodiment, aproduct comprises a polypeptide,
such as an antibody molecule (e.g., abispecific or multi-format antibody molecule), afusion
protein, or aprotein-conjugate; anucleic acid molecule (e.g., aDNA or RNA molecule); or a
lipid-encapsulated particle (e.g., an exosome or virus-like particle). The methods and
compositions described herein may be particularly useful for products that are difficult to
produce, e.g., in high quantities or with sufficient quality for commercial or therapeutic use, such
as next generation biologies (e.g., fusion proteins, bispecific or multi-format antibody molecules,
multimeric proteins, and glycosylated proteins). In one embodiment, a cell as described herein,
e.g., for producing the product, expresses the product. In one embodiment, the cell comprises an
exogenous nucleic acid that encodes a product described herein, e.g., apolypeptide selected from
Table 2 or 3. Additional examples of products are described in the section titled "Products”.

The modifications disclosed herein that modulate lipid metabolism include agents or
molecules that increase or decrease the expression of alipid metabolism modulator (LMM) or
increase or decrease the expression or activity of a component of a lipid metabolism pathway. In
one embodiment, the modification is anucleic acid, e.g., anucleic acid encoding aLMM or an
inhibitory nucleic acid that inhibits or decreases the expression of aLMM.

In one embodiment, the modification increases expression of aLMM, and comprises an
exogenous nucleic acid encoding the LMM. In one embodiment, the method comprises forming,
in the cell, an exogenous nucleic acid encoding aLMM or an exogenous LMM. In one
embodiment, the forming comprises introducing an exogenous nucleic acid encoding alipid
metabolism modulator. In one embodiment, the forming comprises introducing an exogenous
nucleic acid which increases the expression of an endogenous nucleic acid encoding aLMM.
Examples of LMMs suitable for use in any of the methods and compositions described herein are
further described in the sections titled "Modulation of Lipid Metabolism™ and "Lipid Metabolism
Modulators".
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In one embodiment, the cell comprises one or more modifications. In one embodiment,
the cell comprises one, two, three, four, five, six, seven, eight, nine or ten modifications. In some
embodiments, the cell comprises more than one modification. In some embodiments, the cell
comprises a least two, three, four, five, six, seven, eight, nine, or ten modifications. In one
embodiment, the cell comprises aone or more second modification that modulates lipid
metabolism. In one embodiment, the second modification comprises a second exogenous nucleic
acid encoding asecond LMM, e.g., aLMM different from the LMM of the first modification. In
one embodiment, the second exogenous nucleic acid and the first exogenous nucleic acid are
disposed on the same nucleic acid molecule. In one embodiment, the second exogenous nucleic
acid and the first exogenous nucleic acid are disposed on different nucleic acid molecules. In one
embodiment, the second modification provides increased the production or improved quality of
the product, as compared to a cell not having the second modification. In one embodiment, the
method comprises forming, in the cell, a second exogenous nucleic acid encoding a second
LMM or asecond exogenous LMM. In one embodiment, the forming comprises introducing the
second exogenous nucleic acid encoding asecond LMM. In one embodiment, the forming
comprises introducing the second exogenous nucleic acid which increases the expression of an
endogenous nucleic acid encoding aLMM.

Modulating lipid metabolism by any of the methods or compositions described herein can
comprise or result in altering, e.g., increasing or decreasing, any one or more of the following:

i) the expression (e.g., transcription and/or trandation) of a component involved in a

lipid metabolism pathway;

i) the activity (eg., enzymatic activity) of a component involved in a lipid

metabolism pathway;

iii) the amount of lipids (e.g., phospholipids, or cholesterol) present in acell;

iv) the amount of lipid rafts or rate of lipid raft formation;

V) the fluidity, permeability, and/or thickness of a cell membrane (e.g., a plasma

membrane, avesicle membrane, or an organelle membrane);

Vi) the conversion of saturated lipids to unsaturated lipids or conversion of

unsaturated lipids to saturated lipids;

vii)  the amount of saturated lipids or unsaturated lipids, e.g., monounsaturated lipids;
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viii)  the composition of lipids in the cell to attain a favorable composition that
increases ER activity;

iX) the expansion of the ER (e.g., size of the ER, the ER membrane surface, or the
amounts of the proteins and lipids that constitute and/or reside within the ER);

X) the expansion of the Golgi (e.g., the number and size of the Golgi, the Golgi
surface, or the number or amounts of proteins and molecules that reside within the
Golgi);

Xi) the amount of secretory vesicles or the formation of secretory vesicles,

xii)  the amount or rate of secretion of the product;

xiii)  the proliferation capacity, e.g., the proliferation rate;

xiv)  culture viability or cell survival;

Xxv)  activation of membrane receptors,

xvi)  the unfolded protein response (UPR);

xvii)  theyield or rate of production of the product;

xviii) the product quality (e.g., aggregation, glycosylation heterogeneity, fragmentation,
proper folding or assembly, post-trandational modification, or disulfide bond
scrambling); and /or

xix)  cell growth/proliferation or cell specific growth rate.

In such embodiments, the increase or decrease of any of the aforementioned characteristics of the
cell can be determined by comparison with a cell not having amodification.

The methods and compositions described herein result in increased production of the
product as compared to a cell not having the modification. An increase in production can be
characterized by increased amounts, yields, or quantities of product produced by the cell and/or
increased rate of production, where the rate of production is equivalent to the amount of product
over time. In one embodiment, production of the product, e.g., arecombinant polypeptide, is
increased by 1%, 5%, 10%, 15%,20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 70%, 75%,
80%, 85%, 90%, 85%, or 100%, or more e.g., as compared to the production of by acell without
modulation of the lipid metabolism; or 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
e.g., as compared to the production of by a cell without modulation of the lipid metabolism.

The methods and compositions described herein can aso result in improved quality of the
product (i.e. product quality) as compared to a cell not having the modification. Improvements in
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the quality of the product (i.e. product quality) can be characterized by one or more of:
aggregation (e.g., adecrease in aggregates or aggregation); proper folding or assembly (e.g., a
decrease in misfolded or unfolded products; or partialy assembled or disassembled products);
post-translation modification (e.g., increase or decrease in glycosylation heterogeneity, higher
percentage of desired or predetermined post-translational modifications); fragmentation (e.g., a
decrease in fragmentation); disulfide bond scrambling (e.g., adecrease in undesired isoforms or
structures due to disulfide bond scrambling). In one embodiment, the quality of the product, e.g.,
recombinant polypeptide, isincreased, e.g., 1%, 5%, 10%, 15%,20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 70%, 75%, 80%, 85%, 90%, 85%, or 100%, e.g., as compared to the
production of by a cell without modulation of the lipid metabolism; or by 1-fold, 2-fold, 5-fold,
10-fold, 20-fold, 50-fold, 100-fold, e.g., as compared to the quality of product produced by a cell
without modulation of the lipid metabolism.

In embodiments, the method for producing a product as described herein can comprise
one or more additional steps, which include, but are not limited to: introducing a modification to
the cell that improves ER processing capacity (ER expansion) or secretion; obtaining the product
from the cell, or adescendent of the cell, or from the medium conditioned by the cell, or a
descendent of the cell; separating the product from at least one cellular or medium component;
and/or analyzing the product, e.g., for activity or for the presence of a structural moiety. In one
embodiment, the method further comprises a step for improving ER processing capacity (or ER
expansion) by introducing anucleic acid encoding PDI, BiP, ERO, or XBPL1. In one
embodiment, the method further comprises an additional step for improving secretory capacity or
rate of secretion by modulating SNARE machinery or other machinery involved in the secretory
pathway, e.g., by introducing anucleic acid encoding a SNARE component.

Modulation d Lipid Metabolism

The present disclosure features methods and compositions for modulating lipid metabolism.
In one embodiment, the modification results in modulating, e.g., increasing, one or more lipid
metabolism pathways, which include, but are not limited to: de novo lipogenesis, fatty acid re-
esterification, fatty acid saturation or desaturation, fatty acid elongation, and phospholipid
biosynthesis.
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The modifications described herein suitable for modulating lipid metabolism include
introduction of an exogenous nucleic acid that increase or decreases the expression or activity of
a component of alipid metabolism pathway or aLMM, aLMM polypeptide, or other molecule
that increases or decreases the expression or activity of a component of the lipid metabolism
pathway. The present disclosure features the use of lipid metabolism modulators to modulate
lipid metabolism, e.g., by increasing or decreasing expression or activity of a component
associated with lipid metabolism. In an embodiment, the LMM is aglobal regulator described
herein

In one embodiment, the modification that modulates lipid metabolism results in the
global regulation of lipid metabolism, e.g., by increasing or decreasing the expression or activity
of aglobal regulator. Such global regulators are molecules that are sufficiently upstream in one
or more pathways, such that it can influence multiple downstream effects, for example,
increasing the expression or activity of more than one, e.g., two, three, four, five, or more,
components of different lipid metabolism processes or pathways. A component of alipid
metabolism process or pathway can include, but is not limited to, an enzyme, a cofactor, or other
molecule that isinvolved in the synthesis, degradation, elongation, or structural conformation of
lipid molecules.

In one embodiment, the global regulator described herein is atranscription factor that
upregulates, e.g., increases the expression, of acomponent of the lipid metabolism, e.g., alipid
metabolism gene product selected from Table 1. By way of example, aglobal regulator
increases the expression of two or more lipid-associated gene products, e.g., an enzyme involved
in lipid biosynthesis and an enzyme involved in the saturation level of alipid molecule.

In any of the methods or compositions described herein, the LMM comprises any of the
following: aglobal regulator of lipid metabolism, e.g., atranscription factor that upregulates
lipid metabolism genes, or a component (e.g., an enzyme, a cofactor, or amolecule) that plays a
role in the de novo lipogenesis, fatty acid re-esterification, fatty acid saturation or desaturation,
fatty acid elongation, or phospholipid biosynthesis pathways.

In one embodiment, the lipid metabolism modulator comprises atranscription regulator,
e.g., atranscription factor, that mediates, e.g., upregulates, the expression of alipid metabolism

gene product. Examples of lipid metabolism gene products include, but are not limited to, those
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provided in Table 1. aglobal regulator of lipid metabolism, e.g., atranscription factor that
upregulates lipid metabolism genes.

In one embodiment, the LMM comprises SREBF1, or SREBF2, or afunctional fragment
or analog thereof. In one embodiment, the lipid metabolism modulator comprises at least 60,
70, 80, 90, 95, 98, 99 or 100% identity with the amino acid sequence of SREBF1; eg., SEQ ID
NOs:| or 34, or afunctional fragment thereof, e.g., SEQ ID NO: 26, SEQ ID NO: 27, or SEQ ID
NO: 36; or differsby 1, 2, or 3 or more amino acid residues but no more than 50, 40, 30, 20, 15,
or 10 amino acid residues from the amino acid sequence of SREBF1, e.g., SEQ ID NOs. 1or 34,
or afunctiona fragment thereof, e.g., SEQ ID NO: 26, SEQ ID NO: 27, or SEQ ID NO: 36. In
one embodiment, the nucleic acid encoding the lipid metabolism modulator comprises at |east
60, 70, 80, 90, 95, 98, 99 or 100% identity with any of the nucleic acid sequences selected from
SEQ ID NOs: 2 or 32, or the nucleic acids encoding SEQ ID NO: 26, SEQ ID NO: 27, or SEQ
ID NO: 36.

In one embodiment, the LMM comprises SCD1, SCD2, SCD3, SCD4, or SCD5, or a
functional fragment or analog thereof. In one embodiment, the lipid metabolism modulator
comprises at least 60, 70, 80, 90, 95, 98, 99 or 100% identity with the amino acid sequence of
SCD1; eg., SEQ ID NO:3, or afunctional fragment thereof; or differsby 1, 2, or 3 or more
amino acid residues but no more than 50, 40, 30, 20, 15, or 10 amino acid residues from the
amino acid sequence of SCD1, e.g., SEQ ID NO: 3, or afunctiona fragment thereof. In one
embodiment, the nucleic acid encoding the lipid metabolism modulator comprises a least 60, 70,
80, 90, 95, 98, 99 or 100% identity with any of the nucleic acid sequences selected from SEQ ID
NOs: 4.

In one embodiment, the LMM comprises any of the components provided in Table 1or a
functional fragment thereof. In one embodiment, the LMM comprises at least 60, 70, 80, 90, 95,
98, 99 or 100% identity with the amino acid sequence of any of the components provided in
Table 1or afunctional fragment thereof; or differsby 1, 2, or 3 or more amino acid residues but
no more than 50, 40, 30, 20, 15, or 10 amino acid residues from the amino acid sequence of any
of the components provided in Table 1 or afunctional fragment thereof. In one embodiment, the
nucleic acid encoding the lipid metabolism modulator comprises at least 60, 70, 80, 90, 95, 98,
99 or 100% identity with anucleic acid sequence encoding any of the components provided in
Table 1or afunctiona fragment thereof.
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In one embodiment, the modification comprises acis or trans regulatory element that
increases the expression of anucleic acid that encodes alipid metabolism gene product, e.g., a
lipid metabolism gene product selected from Table 1.

In one embodiment, the nucleic acid encoding the lipid metabolism modulator comprises
aplasmid or avector.

In one embodiment, the nucleic acid encoding the lipid metabolism modulator is
introduced into the cell by transfection (e.g., electroporation), transduction, or any other delivery
method described herein.

In one embodiment, the nucleic acid encoding the lipid metabolism modulator is
integrated into the chromosomal genome of the cell. In one embodiment, the LMM is stably
expressed.

In one embodiment, the nucleic acid encoding the lipid metabolism modulator is not
integrated into the chromosomal genome of the cell. In one embodiment, the LMM is transiently
expressed.

Products

Products described herein include polypeptides, e.g., recombinant proteins; nucleic acid
molecules, e.g., DNA or RNA molecules; multimeric proteins or complexes; lipid-encapsulated
particles, e.g., virus-like particles, vesicles, or exosomes; or other molecules, e.g., lipids. In an
embodiment, the product is a polypeptide, e.g., arecombinant polypeptide. For example, the
recombinant polypeptide can be a difficult to express protein or aprotein having complex and/or
non-natural structures, such as anext generation biologic, e.g., abispecific antibody molecule, a
fusion protein, or a glycosylated protein.

In any of the methods described herein, the method for producing aproduct further
comprises introducing to the cell an exogenous nucleic acid encoding the product, e.g.,
polypeptide, e.g., recombinant polypeptide.

In one embodiment, the exogenous nucleic acid encoding the recombinant polypeptide is
introduced after providing a cell comprising a modification that modulates lipid metabolism. In
another embodiment, the exogenous nucleic acid encoding the recombinant polypeptide is
introduced after culturing the cell, e.g., under conditions suitable for modulation of lipid
metabolism by the modification.
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In one embodiment, the exogenous nucleic acid encoding the product, e.g., recombinant
polypeptide, isintroduced prior to providing acell comprising a modification that modulates
lipid metabolism. In another embodiment, the exogenous nucleic acid encoding the recombinant
polypeptide isintroduced prior to culturing the cell, e.g., under conditions suitable for
modulation of lipid metabolism by the modification.

In any of the compositions, preparations, or methods described herein, the product, e.g.,
recombinant polypeptide, is atherapeutic polypeptide or an antibody molecule, e.g., an antibody
or an antibody fragment thereof. 1n one embodiment, the antibody molecule is a monoclonal
antibody. In one embodiment, the antibody molecule is abispecific antibody molecule, e.g., a
BiTE (Bispecific T cell Engager), aDART (Dual Affinity Re-Targeting or Redirected T cell).

In one embodiment, the product, e.g., recombinant polypeptide, is selected from Table 2
or 3.

In embodiments, the product is stably expressed by the cell. In one embodiment, the
exogenous nucleic acid encoding the product, e.g., recombinant polypeptide, isintegrated into
the chromosomal genome of the cell. Alternatively, the product istransiently expressed by the
cell. In one embodiment, the exogenous nucleic acid encoding the product, e.g., the recombinant

polypeptide, isnot integrated into the chromosomal genome of the cell.

Host Cells

Provided herein are cells for producing the products described herein and methods of
engineering such cells.

In any of the compositions, preparations, or methods described herein, the cell isa
eukaryotic cell. In one embodiment, the cell isamammalian cell, ayeast cell, an insect cell, an
algae cell, or aplant cell. In one embodiment, the cell isarodent cell. In one embodiment, the
cell is a Chinese hamster ovary (CHO) cell. Examples of CHO cells include, but are not limited
to, CHO-K1, CHOK1SV, Potelligent CHOK1SV (FUT8-KO), CHO GS-KO, Exceed
(CHOK1SV GS-KO), CHO-S, CHO DG44, CHO bXB11, CHOZN, or a CHO-derived cell.

In any of the compositions, preparations, or methods described herein, the cell is selected
from the group consisting of HeLa, HEK293, H9, HepG2, MCF7, Jurkat, NIH3T3, PC12,
PER.C6, BHK, VERO, SP2/0, NSO, YB2/0, EB66, C127, L cell, COS, e.g., COS1 and COS7/,
QCI-3, CHO-K1, CHOK1SV, Potelligent CHOK1SV (FUT8-KO), CHO GS-KO, Exceed

10
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(CHOK1SV GS-KO), CHO-S, CHO DG44, CHO DXB 11, and CHOZN.

In one embodiment, the cell is aeukaryotic cell other than amammalian cell, e.g., an
insect, aplant, ayeast, or an algae cell. In one embodiment, the cell is aprokaryotic cell.

In one aspect, the present disclosure features amethod of engineering a cell having
increased production capacity and/or improved quality of production (e.g., producing product
with one or more improved product quality) comprising introducing to the cell or forming in the
cell an exogenous nucleic acid encoding a lipid metabolism modulator, thereby engineering a
cell having increased production capacity and/or improved quality of production . In an
embodiment, the exogenous nucleic acid encoding a lipid metabolism modulator is introduced to
the cell by transfection, transduction, e.g., viral transduction, electroporation, nucleofection, or
lipofection. In an embodiment, the exogenous nucleic acid encoding alipid metabolism
modulator is integrated into the chromosomal genome of the cell. 1n an embodiment, the method
further comprises introducing to the cell an exogenous nucleic acid encoding a recombinant
polypeptide. In an embodiment, the exogenous nucleic acid encoding a recombinant polypeptide
isintroduced prior to introducing the exogenous nucleic acid encoding the LMM. In an
embodiment, the exogenous nucleic acid encoding arecombinant polypeptide is introduced after
introducing the exogenous nucleic acid encoding the LMM.

In one aspect, the present disclosure features a cell produced by providing acell and
introducing to the cell aLMM described herein, e.g., introducing an exogenous nucleic acid
encoding aLMM.

In one aspect, the present disclosure features a cell comprising an exogenous nucleic acid
encoding aLMM described herein

In one aspect, the present disclosure features acell engineered to produce aLMM,
wherein the LMM modulates the expression of aproduct, e.g., anext generation biologic (NGB)
described herein. In one embodiment, the cell isaCHO cell.

In one aspect, the present disclosure features a CHO cell engineered to produce aLMM,
wherein the LMM modulates the expression of aproduct, e.g., aNext generation biologic (NGB)
described herein.

In one aspect, the present disclosure features a CHO cell engineered to express an LMM
and aNGB, wherein the population has been selected for high level expression of the NGB.
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In one aspect, the present disclosure features a CHO cell engineered to express an LMM,

wherein the LMM modulates one or more characteristics of the CHO cell, wherein the
engineered CHO cell is selected based on modulation of one or more characteristics selected

from the group consisting of

i)

Vi)

vii)

viii)

Xi)
Xii)
Xiii)
Xiv)
XV)
XVi)

XVii)

the expression (e.g., transcription and/or translation) of a component involved in a
lipid metabolism pathway;

the activity (eg., enzymatic activity) of a component involved in a lipid
metabolism pathway;

the amount of lipids (e.g., phospholipids, or cholesterol) present in acell;

the amount of lipid rafts or rate of lipid raft formation;

the fluidity, permeability, and/or thickness of a cell membrane (e.g., a plasma
membrane, avesicle membrane, or an organelle membrane);

the conversion of saturated lipids to unsaturated lipids or conversion of
unsaturated lipids to saturated lipids;

the amount of saturated lipids or unsaturated lipids, e.g., monounsaturated lipids;
the composition of lipids in the cell to attain a favorable composition that
increases ER activity;

the expansion of the ER (e.g., size of the ER, the ER membrane surface, or the
amounts of the proteins and lipids that constitute and/or reside within the ER);

the expansion of the Golgi (e.g., the number and size of the Golgi, the Golgi
surface, or the number or amounts of proteins and molecules that reside within the
Golgi);

the amount of secretory vesicles or the formation of secretory vesicles,

the amount or rate of secretion of the product;

the proliferation capacity, e.g., the proliferation rate;

culture viability or cell survival;

activation of membrane receptors;

the unfolded protein response (UPR);

the yield or rate of production of the product;
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xviii) the product quality (e.g., aggregation, glycosylation heterogeneity, fragmentation,
proper folding or assembly, post-trandational modification, or disulfide bond
scrambling); and /or

xix)  cell growth/proliferation or cell specific growth rate.

In any of the methods or cells, e.g., engineered cells, described herein, the cell expresses
or comprises the LMM s selected from a group consisting of SREBF1, SREBF2, SCD1, SCD2,
SCD3, SCD4, and SCD5, or afunctional fragment thereof.

In any of the methods or cells, e.g., engineered cells, described herein, the cell expresses
or comprises aproduct, e.g., arecombinant product, e.g., anext generation biologic selected
from a group consisting of abispecific antibody, a fusion protein, or a glycosylated protein.

In any of the methods or cells, e.g., engineered cells described herein, the cell isaCHO
cell selected from the group consisting of CHO-K1, CHOKISV, Potelligent CHOKISV (FUTS8-
KO), CHO GS-KO, Exceed (CHOKISV GS-KO), CHO-S, CHO DG44, CHO DXBI 1, CHOZN,
or aCHO-derived cell.

Compositions and Preparations

In one aspect, the present disclosure also features apreparation of aproduct described
herein made by amethod described herein. In one embodiment, at least 70, 80, 90, 95, 98 or 99
%, by weight or number, of the products in the preparation are properly folded or assembled. In
one embodiment, less than 50%, 40%, 30%, 25%, 20%, 15%, 10%, or 5%, by weight or number,
of the products in the preparation are aggregated. 1n one embodiment, less than 50%, 40%, 30%,
25%, 20%, 15%, 10%, or 5%, by weight or number, of the products in the preparation are
fragments of the product.

In some embodiments, the present disclosure features apreparation of apolypeptide, e.g.,
apolypeptide of Table 2 or Table 3, made by a method described herein. In some embodiments,
the cell used in the method is a CHO cell selected from the group consisting of CHOK1,
CHOKISV, Poteligent CHOKISV, CHO GS knockout, CHOKISV GS-KO, CHOS, CHO
DG44, CHO DXBI 1, CHOZN, or a CHO-derived cell.

In one aspect, the present disclosure features amixture comprising a cell described
herein, e.g., acell comprising a modification that modulates lipid metabolism, and a product

produced by the cell. In one embodiment, the mixture comprises the product at ahigher
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concentration, e.g., a least, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, or 30% higher
concentration, by weight or number, of product than would be seen without the modification. In
one embodiment, at least 70%, 80%, 90%, 95%, 98 %or 99%, by weight or number, of the
products in the mixture are properly folded or assembled. In one embodiment, less than 50%,
40%, 30%, 25%, 20%, 15%, 10%, or 5%, by weight or number, of the products in the mixture
are aggregated. In one embodiment, less than 50%, 40%, 30%, 25%, 20%, 15%, 10%, or 5%, by
weight or number, of the products in the mixture are fragments of the product. In some
embodiments, the product is arecombinant polypeptide, e.g., arecombinant polypeptide of Table
2 or Table 3.

In one aspect, the present disclosure features apreparation of medium conditioned by
culture of acell described herein, wherein the cell comprises amodification that modulates lipid
metabolism. In one embodiment, the product is present in the preparation at a higher
concentration, e.g., at least, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, or 30% higher
concentration, by weight or number, than would be seen without the modification. In one
embodiment, at least 70%, 80%, 90%, 95%, 98% or 99 %, by weight or number, of the product
in the preparation are properly folded or assembled. In one embodiment, less than 50%, 40%,
30%, 25%, 20%, 15%, 10%, or 5%, by weight or number, of the products in the preparation are
aggregated. In one embodiment, less than 50%, 40%, 30%, 25%, 20%, 15%, 10%, or 5%, by
weight or number, of the products in the preparation are fragments of the product. In some
embodiments, the product is arecombinant polypeptide, e.g., arecombinant polypeptide of Table
2 or Table 3.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In addition, the materials, methods, and
examples are illustrative only and are not intended tobe limiting. Headings, sub-headings or
numbered or lettered elements, e.g., (a), (b), (i) etc., are presented merely for ease of reading.

The use of headings or numbered or lettered elements in this document does not require the steps
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or elements be performed in alphabetical order or that the steps or elements are necessarily
discrete from one another. Other features, objects, and advantages of the invention will be

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1isaseries of immunofluorescent images obtained of Flp-In CHO engineered cell
pools, separately transfected with either acontrol expression vector (Ctrl), or ones encoding
SCDI fused at its C-terminus to aV 5 epitope tag (SCD1-V5) or SREBF fused a its C-terminus
to aV5 epitope tag (SREBFI -V5). The pools were imaged with an anti-V5 primary antibody
and a secondary anti-mouse FITC antibody (middle images) aswell as DAPI (left images) and
an overlay of both the left and middle images (right hand column) is shown. Images were
generated using aLeica Confocal Microscope.

Figure 2 shows a series of immunofluorescent images obtained of CHOK1SV glutamine
synthetase knock-out (GS-KO) cell pools, transfected with either a control expression vector
(Ctrl), or ones encoding SCD1-V5 or SREBFI -V5. The pools were imaged with an anti-V5
primary and anti-mouse secondary TRTTC antibody (middle images) aswell as DAPI (left
images) and an overlay of both the left and middle images (right hand column) is also shown.
Images were generated using aLeica Confocal Microscope.

Figures 3A, 3B, and 3C show the determination of exogenous SCD1-V5 and SREBFI -
V5 expressed in CHO Flp-In™ cell pools following transient transfection with aplasmid
encoding adifficult to express recombinant Fc fusion protein (also referred to as Fc fusion
protein or FP) (Fig. 3A) or eGFP (Fig. 3B). Fig 3C shows determination of exogenous V5-
tagged SCDI and SREBFI expressed in untransfected stably expressing CHO Flp-In™ cell
pools. Western blot analysis was performed on cell lysates obtained 96 hours following
electroporation with the Fc fusion protein, aswell asthe cell pool solely expressing the indicated
V5-tagged lipid metabolism modulator (LMM), SCDI or SREBFl . Anti-V5 primary antibody
and anti-mouse HRP conjugated secondary antibody was used to detect expression of the V5-
tagged LMM and anti-B-actin or anti L7a (as indicated) followed by exposure with anti-mouse
and anti-rabbit HRP conjugated secondary antibodies respectively were used asloading controls
for LMM detection.
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Figure 4 shows the viable cell concentration, as determined using aViCell cell counter,
of the CHO Flp-In cell pools engineered to stably overexpress the LMM SCD1-V5 and
SREBF1-V5 post transfection with eGFP-containing construct JB3.3 (n=2).

Figures 5A and 5B show the cell culture concentration and culture viability a 24, 48, 72,
and 96 hours after transfection of control, SCD1-V5, SREBF1-V5 and SREBF410-V5 over-
expressing CHOK1 SV GS-KO cell pools with an eGFP containing plasmid. Figure 5A shows
cell concentration. The lower columns represent viable cell concentration whilst the whole
column represents the total concentration of cells; lower error bars represent the standard
deviation of viable cells whilst upper error bars represent that of the total cell concentration.
Figure 5B shows culture viability based on the data outlined in Fig. 5A. Error bars represent
standard deviation. Statistical significance was calculated using two-tailed T-test compared to the
control values of the particular time points: *Viable cell concentration significance using two-
tailed T-test [p<0.05]. *Total cell concentration significance using two-tailed T-tests \p<0.05]
(n=3).

Figures 6A, 6B and 6C show flow cytometry generated datausing a FACSCalibur
instrument (BD Biosciences). Median (Fig. 6A), geometric mean (Fig. 6B) and arithmetic mean
(Fig. 6C) values were acquired at 24, 48, 72 and 96 hours post transfection with an eGFP
containing plasmid where samples were taken from control, SCD1-V5 or SREBF1-V5
overexpressing Flp-In CHO cell pools (n=2).

Figures 7A, 7B and 7C show flow cytometry generated datausing a FACSCalibur
instrument (BD Biosciences). Median (Fig. 7A), geometric mean (Fig. 7B) values were acquired
at 24, 48, 72 and 96 hours post transfection with an eGFP containing plasmid where samples
were taken from control, SCD1-V5, SREBF1-V5 or SREBF410-V5 overexpressing CHOK 1SV
GS-KO derived cells. Figure 7C shows the total fluorescence per ml of culture as calculated by
multiplying the measured arithmetic mean fluorescence by total cell concentration (xI0 &ml).
Error bars indicate standard deviation. Statistical significance was calculated using atwo-tailed
T-test compared to the control values of the particular time points (n=3). ~ndicates statistically
significant values [p<0.05]. Data was generated using FACSCalibur (BD Biosciences).

Figures 8A and 8B show antibody A production in CHO Flp-In cells stably
overexpressing SCD1-V5 and SREBF1-V5 after transient transfection of anucleic acid construct
encoding antibody A heavy and light chains. Fig. 8A is awestern blot showing bands
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corresponding to antibody A, as detected by using an anti-heavy chain primary antibody and an
anti-rabbit HRP conjugated secondary antibody. Fig. 8B shows the average fold change in
antibody production inthe LMM engineered cell pools compared to values generated from the
control cell pool as determined by Protein A HPLC.

Figures 9A and 9B show the production of an Fc fusion protein in CHO Flp-In cell pools
stably overexpressing SCD 1-V5 and SREBF 1-V5 after transient transfection of anucleic acid
construct encoding the fusion protein. Fig. 9A is awestern blot showing the bands
representative of the Fc fusion protein as detected by using an anti-heavy chain primary antibody
and an anti-rabbit HRP conjugated secondary antibody. Fig. 9B shows the average fold change
in the Fc fusion protein production inthe LMM engineered cell pools compared to values
generated from the control cell pool as determined by Protein A HPLC.

Figures 10A and 10B show the production of awell expressed antibody A in CHO
GSKO cell pools stably overexpressing SCD1-V5, SREBF 1-V5 and SREBF410-V5 after
transient transfection of anucleic acid construct encoding antibody A heavy and light chains at
48, 72 and 96 h post transfection and in a control, Null CHOK1 SV GS-KO cell pool (acontrol
pool of cells generated using an empty plasmid to express selection GS gene only, no LMM
agents). Fig. 1A isawestern blot showing the bands representative of antibody A as detected by
using an anti-heavy chain primary antibody and an anti-rabbit HRP conjugated secondary
antibody. Fig. 10B shows the average fold change in antibody production inthe LMM
engineered cell pools compared to values generated in the control cell pool as determined by
Protein A HPLC.

Figures 11A and 1IB shows the relative production of adifficult to express Fc fusion
protein in CHOK1SV GS-KO cell pools stably overexpressing SCD1-V5 and SREBF1-V5 or in
acontrol cell pool after transient transfection of anucleic acid construct encoding the Fc fusion
protein. Fig. 11A shows awestern blot of the transiently produced fusion protein, as detected by
using an anti-heavy chain primary antibody followed by exposure with an anti-rabbit HRP
conjugated secondary antibody. Fig. 1IB shows the average fold change in the Fc fusion protein
production inthe LMM engineered cell pool compared to the control cell pools as determined by
Protein A HPLC.

Figures 12A and 12B show the analysis of antibody A production from supernatant
harvested after 48 and 72 hours from a CHO cell line stably expressing antibody A which have
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been transiently transfected with plasmid constructs containing either control (empty), SCD1-V5,
SREBF1-V5 or SREBF410-V5 genes. Fig. 12A shows awestern blot of the supernatants from
the cells; antibody A was detected by using an anti-heavy chain primary antibody followed by
exposure with an anti-rabbit HRP conjugated secondary antibody. Figure 12B shows Coomassie
analysis in which the bands show the relative levels of antibody A present in the supernatant at
168 hours post transfection.

Figure 13 shows analysis of antibody A production from supernatant harvested after 48,
72, 96 and 144 hours from a CHO cell line stably expressing antibody A which had been
transiently transfected with plasmid constructs containing either control (empty), SCD1-V5,
SREBF 1-V5 or SREBF4 10-V5 genes where protein A Octet analysis was used to determine
volumetric antibody concentration (n=2).

Figure 14 shows analysis of an FC fusion protein from supernatant samples harvested
after 48, 72, 96 and 144 hours from a CHO cell line stably expressing antibody A which had
been transiently transfected with plasmid constructs containing either control (empty), SCD1-V5,
SREBF 1-V5 or SREBF410-V5 genes where viable cell number and protein A titre
measurements were used to determine specific productivity of the FC fusion protein Error bars
show standard deviation (n=3).

Figure 15A and 15B shows analysis of antibody A production from supernatant samples
harvested after 48, 72, 96 and 144 hours from CHO cell pools stably integrated with control,
SCD1-V5 or SREBF 1-V5 containing vectors and subsequently stably integrated with an
antibody A construct. Figure 15A shows volumetric antibody concentration whilst Figure 15B
shows specific productivity of antibody A. Error bars show standard deviation (n=3).

Figure 16A and 16B shows analysis of FC fusion protein production from supernatant
samples harvested after 48, 72, 96 and 144 hours from a CHO cell pools stably integrated with
control, SCD1-V5, SREBF1-V5 or SREBF410-V5 containing vectors and subsequently stably
integrated with an FC fusion protein construct. Figure 16A shows volumetric FC fusion protein
concentration whilst Figure 16B shows specific productivity of the FC fusion protein. Error bars
show standard deviation (n=3).

Figures 17A shows western analysis of immunocytokine expression from CHO GSKO
cells following transient transfection of anucleic acid construct encoding genes appropriate for

expression of the immunocytokine and either noLMM (control), SCD1, SREBF1or SREB41 1
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genes a 48 and 96 h post transfection. Supernatant samples were reduced and bands present
detected using an anti heavy chain primary antibody followed by exposure to an anti-rabbit HRP
conjugated secondary antibody. The lower band represents a native heavy chain antibody whilst
the upper band is indicative of aheavy chain molecule fused to a cytokine. Figure 17B shows

relative immunocytokine abundance of samples obtained at 96 hours post transfection.

DETAILED DESCRIPTION

Asboth current and next generation biologies continue to gain therapeutic utility in
patients, the demand for large quantities of next generation biologic products having ahigh grade
of quality for therapeutic use, as well as efficient means for production and efficient
development of production cell line will escalate. Furthermore, many next generation biologies
are difficult to express and produce in conventional cell lines using conventional expression
techniques known in the art. The current methods are not sufficient to produce these products in
the large quantities and at the high grade of quality required for clinical use. As such, the present
disclosure features methods and compositions for obtaining higher yields of aproduct, eg., a
next generation biologies, with improved quality as compared to the yield and quality obtained
from current production methods. The methods and compositions described herein are aso
useful for engineering cells or cell lines with improved productivity, product quality, robustness,
and/or culture viability, as compared to the cell expression systems currently used to produce

recombinant products.

DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although any methods and materials similar or equivalent to those described herein can
beused in the practice of and/or for the testing of the present invention, the preferred materials
and methods are described herein. In describing and claiming the present invention, the
following terminology will be used according to how it is defined, where a definition is

provided.
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It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting.

The articles "a" and "an" are used herein to refer to one or to more than one (i.e, to at
least one) of the grammatical object of the article. By way of example, "acell” can mean one cell
or more than one cell.

"Component of alipid metabolism pathway", as used herein, refers to amolecule,
polypeptide, or enzyme that, directly or indirectly, synthesizes alipid, degrades alipid, converts
alipid from one lipid species to another lipid species, or modifies alipid. In one embodiment,
the component can be an enzyme substrate, an enzyme reaction product, or an enzyme cofactor.
In one embodiment, the component of alipid metabolism pathway isaLMM. In one
embodiment, the component of a lipid metabolism pathway is provided in Table 1.

"Endogenous’, as used herein, refersto any material from or naturally produced inside an
organism, cell, tissue or system.

"Exogenous’, asused herein, refers to any material introduced to or produced outside of
an organism, cell, tissue or system. Accordingly, "exogenous nucleic acid" refersto anucleic
acid that is introduced to or produced outside of an organism, cell, tissue or system. In an
embodiment, sequences of the exogenous nucleic acid are not naturally produced, or cannot be
naturally found, inside the organism, cell, tissue, or system that the exogenous nucleic acid is
introduced into. In embodiments, non-naturally occurring products, or products containing
portions that are non-naturally occurring are exogenous materials with respect to the host cells
described herein.

"Forming", asused herein, refersto introducing into the cell, synthesizing within the cell,
or any other process that results in the nucleic acid encoding aLMM or an exogenous LMM
being located within the cell.

"Heterologous"', as used herein, refers to any material from one species, when introduced
to an organism, cell, tissue or system from a different species. In embodiments, a heterologous
material also encompasses amateria that includes portions from one or multiple species or
portions that are non-naturally occurring. By way of example, in an embodiment, anucleic acid
encoding afusion protein wherein aportion of the fusion protein is human, aportion of the
fusion protein is bacteria, and aportion of the fusion protein is non-naturally occurring, and the

nucleic acid is introduced to ahuman cell, the nucleic acid is aheterologous nucleic acid.
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"Lipid metabolism pathway", asused herein, refers to aprocess associated with the
synthesis of alipid or lipid-associated molecule, the elongation of alipid or lipid-associated
molecule, the degradation of alipid or lipid-associated molecule, the incorporation of alipid or
lipid-associated molecule into amembrane, the state of saturation of alipid or lipid-associated
molecule (e.g., saturated or unsaturated), or conversion or modification of the chemical structure
(e.g., re-esterification) of alipid or lipid-associated molecule. In one embodiment, the lipid
metabolism pathway results in lipid synthesis, lipid elongation, lipid degradation, changes in
membrane composition or fluidity, formation or modulation of lipid rafts, or modification or
conversion of alipid (e.g., saturation or de-saturation of alipid, or re-esterification of alipid).
Examples of lipid metabolism pathways include, but are not limited to: de novo lipogenesis, fatty
acid re-esterification, fatty acid saturation, fatty acid de-saturation, fatty acid elongation, and
phospholipid biosynthesis, and unfolded protein response.

"Lipid metabolism modulator" or "LMM", asused herein, refers to amolecule, gene
product, polypeptide, or enzyme that modulates, e.g., increases or decreases, one or more of the
following: the expression (e.g., transcription or trandation) of a component involved in alipid
metabolism pathway; the activity (e.g., enzymatic activity) of a component, e.g., gene product,
involved in alipid metabolism pathway; the level or amount of lipids present in acell; the level
or amount of lipid rafts or rate of lipid raft formation; the fluidity, permeability, or thickness of a
cell membrane, e.g., plasma membrane or an organelle membrane; the conversion of saturated
lipids to unsaturated lipids or vice versa; the level or amount of saturated lipids or unsaturated
lipids in acell, e.g., monounsaturated lipids; lipid composition to achieve afavorable lipid
composition that has a favorable impact on the activity of the ER; the expansion of the ER; the
expansion of the Golgi; the level or amount of secretory vesicles or secretory vesicle formation;
the level or rate of secretion; activation or inactivation of membrane receptors (e.g., ATR (see
e.g., The increase of cell-membranous phosphatidylcholines containing polyunsaturated fatty
acid residues induces phosphorylation of p53 through activation of ATR. Zhang XH, Zhao C,
MaZzA. J Cel Sci. 2007 Dec 1;120(Pt 23):4134-43 PMID: 18032786; ATR (ataxia telangiectasia
mutated- and Rad3-related kinase) is activated by mild hypothermia in mammalian cells and
subsequently activates p53. Roobol A, Roobol J, Carden MJ, Bastide A, Willis AE, Dunn WB,
Goodacre R, Smales CM. Biochem J. 201 1 Apr 15;435(2):499-508. doi: 10.1042/BJ20101303.
PMID: 21284603) and SREPB (see e.g., Int JBiol Sci. 2016 Mar 21;12(5):569-79. doi:
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10.7150/ijbs. 14027. eCollection 2016. Dysregulation ofthe Low-Density Lipoprotein Receptor
Pathway |sInvolved in Lipid Disorder-Mediated Organ Injury. Zhang Y, MaKL, Ruan XZ, Liu
BC); and additional receptors, see e.g., Biochim Biophys Acta. 2016 Mar 17. pii: S1388-
1981(16)30071-3. doi: 10.1016/j.bbalip.2016.03.019; and/or the unfolded protein response
(UPR) . In one embodiment, the LMM comprises apolypeptide. In one embodiment, the LMM
comprises atranscriptional regulator, e.g., atranscription factor. In one embodiment, the LMM
comprises SREBFI or afunctional fragment thereof (e.g., SREBF-410). In one embodiment, the
LMM comprises an enzyme. In one embodiment, the LMM comprises SCD1 or afunctional
fragment thereof.

"Modification” asused herein inthe expression "modification that modulates lipid
metabolism" refersto an agent that is capable of effecting an increase or decrease in the
expression or activity of a component, e.g., gene product, of a lipid metabolism pathway
described herein. In embodiments, the modification results in increasing the expression or
activity of acomponent of alipid metabolism pathway, e.g., a 1%, 2%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% 95%, 99%, 1-
fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, or 100-fold or more increase in expression or
activity of acomponent of alipid metabolism pathway, e.g., as compared to the expression or
activity of the component in the absence of the modification. In embodiments, the modification
results in decreasing the expression or activity of acomponent of alipid metabolism pathway,
e.g., a 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90% 95%, 99%%, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, or 100-fold
or more decrease in expression or activity of a component of alipid metabolism pathway, e.g., as
compared to the expression or activity of the component in the absence of the modification. In
some embodiments where the expression or activity of a component of the lipid metabolism
pathway is decreased, the component is a negative regulator of alipid metabolism pathway. In
one embodiment, the modification comprises aheterologous or exogenous nucleic acid sequence
encoding alipid metabolism modulator. In one embodiment, the modification is an exogenous
lipid metabolism modulator, e.g., small molecule or polypeptide, that can be introduced to acell,
e.g., by culturing the cell in the presence of the molecule or polypeptide, to modulate the lipid
metabolism of the cell.
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The terms "nucleic acid", "polynucleotide”, and "nucleic acid molecul€”, as used
interchangeably herein, refer to deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), or a
combination of aDNA or RNA thereof, and polymers thereof in either single-, double-, or triple-
stranded form. The term "nucleic acid" includes, but is not limited to, a gene, cDNA, or an
mRNA. In one embodiment, the nucleic acid molecule is synthetic (e.g., chemically synthesized
or artificial) or recombinant. Unless specificaly limited, the term encompasses molecules
containing analogues or derivatives of natural nucleotides that have similar binding properties as
the reference nucleic acid and are metabolized in amanner similar to naturally or non-naturally
occurring nucleotides. Unless otherwise indicated, aparticular nucleic acid sequence also
implicitly encompasses conservatively modified variants thereof (e.g., degenerate codon
substitutions), alleles, orthologs, SNPs, and complementary sequences aswell asthe sequence
explicitly indicated. Specifically, degenerate codon substitutions may be achieved by generating
sequences in which the third position of one or more selected (or al) codons is substituted with
mixed-base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991);
Ohtsuka et a, J. Biol. Chem. 260:2605-2608 (1985); and Rossolini et a, Mol. Cell. Probes
8:91-98 (1994)).

"Peptide,” "polypeptide,” and "protein”, asused interchangeably herein, refer to a
compound comprised of amino acid residues covalently linked by peptide bonds, or by means
other than peptide bonds. A protein or peptide must contain at least two amino acids, and no
limitation is placed on the maximum number of amino acids that can comprise aprotein's or
peptide's sequence. In one embodiment, aprotein may comprise of more than one, e.g., two,
three, four, five, or more, polypeptides, inwhich each polypeptide is associated to another by
either covalent or non-covalent bonds/interactions. Polypeptides include any peptide or protein
comprising two or more amino acidsjoined to each other by peptide bonds or by means other
than peptide bonds. Asused herein, the term refers to both short chains, which also commonly
are referred to in the art as peptides, oligopeptides and oligomers, for example, and to longer
chains, which generally are referred to in the art as proteins, of which there are many types.
"Polypeptides’ include, for example, biologically active fragments, substantially homologous
polypeptides, oligopeptides, homodimers, heterodimers, variants of polypeptides, modified

polypeptides, derivatives, analogs, fusion proteins, among others.
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"Recombinant product” refersto aproduct that can be produced by acell or acell-free
system. The product can be amolecule, anucleic acid, apolypeptide, or any hybrid thereof. A
recombinant product isone for a which at least one component of the product or at least one
nucleotide of asequence which controls the production or expression of the product, was formed
by genetic engineering. Genetic engineering asused herein to generate arecombinant product or
aconstruct that encodes arecombinant product encompasses recombinant DNA expression
techniques known in the art (e.g., as described in Current Protocols in Molecular Biology); site-
directed, scanning, or random mutagenesis, genome modification strategies employing CRISPR-
based strategies; and zinc finger nuclease (ZFN)-based strategies. By way of example, in
embodiments where the recombinant product is anucleic acid, at least one nucleotide of the
recombinant nucleic acid, or at least one nucleotide of a sequence that controls the production,
e.g., transcription, of the recombinant nucleic acid was formed by genetic engineering. In one
embodiment, the recombinant product is arecombinant polypeptide. In one embodiment, the
recombinant product is anaturally occurring product. In one embodiment, the recombinant
product is anon-naturally occurring product, e.g., a synthetic product. In one embodiment, a
portion of the recombinant product is naturally occurring, while another portion of the
recombinant product isnon-naturally occurring. In another embodiment, afirst portion of the
recombinant product is one naturally occurring molecule, while another portion of the
recombinant product is another naturally occurring molecule that is different from the first
portion.

"Recombinant polypeptide” refers to apolypeptide that can be produced by a cell
described herein. A recombinant polypeptide is one for which at least one nucleotide of the
sequence encoding the polypeptide, or a least one nucleotide of a sequence which controls the
expression of the polypeptide, was formed by genetic engineering or manipulation (of the cell or
of aprecursor cell). E.g., a least one nucleotide was altered, e.g., it was introduced into the cell
or it is the product of a genetically engineered rearrangement. In an embodiment, the sequence
of arecombinant polypeptide does not differ from anaturally or non-naturally occurring isoform
of the polypeptide or protein. In an embodiment, the amino acid sequence of the recombinant
polypeptide differs from the sequence of anaturally occurring or anon-naturally isoform of the
polypeptide or protein. In an embodiment, the recombinant polypeptide and the cell are from the

same species.  In an embodiment, the amino acid sequence of the recombinant polypeptide is
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the same as or is substantialy the same as, or differs by no more than 1%, 2%, 3%, 4%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, or 99% from, a polypeptide encoded by the endogenous genome of the cell. In an
embodiment, the recombinant polypeptide and the cell are from the same species, e.g., the
recombinant polypeptide is ahuman polypeptide and the cell is ahuman cell. In an embodiment,
the recombinant polypeptide and the cell are from different species, e.g., the recombinant
polypeptide is ahuman polypeptide and the cell is a non-human, e.g., arodent, e.g., a CHO,
other mammalian cell, an insect cell, aplant cell, afungal cell, aviral cell, or abacterial cell. In
an embodiment, the recombinant polypeptide is exogenous to the cell, in other words, the cell is
from afirst species and the recombinant polypeptide is from a second species. In one
embodiment, the polypeptide is a synthetic polypeptide. In one embodiment, the polypeptide is
derived from anon-naturally occurring source. In an embodiment, the recombinant polypeptide
is ahuman polypeptide or protein which does not differ in amino acid sequence from a naturally
or non-naturally occurring isoform of the human polypeptide or protein. In an embodiment, the
recombinant polypeptide differs from anaturally or non-naturally occurring isoform of the
human polypeptide or protein a no morethan 1,2, 3, 4, 5, 10, 15 or 20 amino acid residues. In
an embodiment, the recombinant polypeptide differs from anaturally occurring isoform of the
human polypeptide a no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, or 15% of its
amino acid residues. In embodiments where aportion of the recombinant polypeptide
comprises a sequence derived from aportion of anaturally or non-naturally occurring isoform of
ahuman polypeptide, the portion of the recombinant polypeptide differs from the corresponding
portion of the naturally or non-naturally occurring isoform by no more than 1, 2, 3, 4, 5, 10, 15,
or 20 amino acid residues, or 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, or 15% of its amino
acid residues.

"Homologous", "identity", or "similarity” asused herein refers to the subunit sequence
identity between two polymeric molecules, e.g., between two nucleic acid molecules, such as,
two DNA molecules or two RNA molecules, or between two polypeptide molecules. When a
subunit position in both of the two molecules is occupied by the same monomeric subunit; e.g., if
aposition in each of two DNA molecules is occupied by adenine, then they are homologous or
identical at that position. The homology between two sequences is a direct function of the

number of matching or homologous positions; e.g., if half (e.g., five positions in apolymer ten

25



10

15

20

25

30

35

WO 2017/191165 PCT/EP2017/060484

subunits in length) of the positions in two sequences are homologous, the two sequences are 50%
homologous; if 90% of the positions (e.g., 9 of 10), are matched or homologous, the two
sequences are 90% homol ogous.

The term "next generation biologic" or "NGB" as used herein refers to abiological
composition comprising a cell or a composition produced by acell. The biological composition
is selected from the group consisting of a composition with at least one natural component, a
composition with at least one natural component and at least one non-natural component, a
composition with at least one natural component and a least one natural structure, and a
composition with at least one natural component and a least one non-natural structure, or any
combinations thereof. Next generation biologies often comprise complex and/or non-natural
structures. Examples of next generation biologies include, but are not limited to, fusion proteins,
enzymes or recombinant enzymes, proteins or recombinant proteins, recombinant factors with
extended half-lives, growth hormones with long acting therapies, multimeric glycoproteins, next
generation antibodies, antibody fragments, or antibody-like proteins (ALPs), vesicles, exosomes,
liposomes, viruses, and virus-like particles, mucins, nanoparticles, extracts of acell, and a cell
being used as areagent.

The disclosures of each and every patent, patent application, and publication cited herein
are hereby incorporated herein by reference in their entirety. While this invention has been
disclosed with reference to specific aspects, it is apparent that other aspects and variations of this
invention may be devised by others skilled in the art without departing from the true spirit and
scope of the invention. The appended claims are intended to be construed to include al such

aspects and equivalent variations.

MODULATIONOFLIPID METABOLISM

The present disclosure features methods and compositions for modulating lipid
metabolism in acell or acell-free system, for example, by introducing a modification to the cell
or cell-free system that results in the modulation of lipid metabolism. In embodiments, the
present disclosure features the use of global regulators that impact multiple aspects of pathways
or processes involved in lipid metabolism, e.g., the de novo lipogenesis, fatty acid re-
esterification, fatty acid saturation or desaturation, fatty acid elongation, and phospholipid
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biosynthesis pathways. By way of example, the global regulator is upstream in one or more lipid
metabolism pathways or processes such that the global regulator impacts severa, e.g., two or
more, downstream processes or downstream components of lipid metabolism. In one
embodiment, the global regulator is atranscription factor that can activate the expression of more
than one, e.g., two or more, target genes involved in different lipid metabolism processes or
pathways. Accordingly, without wishing to be bound by any theory, the use of a global regulator
as described herein can result in a greater increase in production capacity, robustness, and
survival of the cell than compared to the use of a downstream effector that modulates only a
single target or other component of lipid metabolism. While not wishing to be bound by any
theory, it isbelieved that a global or more widespread modulation of multiple lipid metabolism
pathways increases the production capacity of a cell by affecting more processes involved in
improving production capacity, product quality, and robustness of the cell.

Lipid metabolism pathways as described herein refer to processes that relate to the
synthesis, degradation, conversion, or modification of lipids or lipid-associated molecules. Lipid
molecules include, but are not limited to, fatty acids, glycerolipids, glycerophospholipids,
phospholipids, saccharolipids, sphingolipids, and sterol lipids, e.g., cholesterol, and polyketides.
Examples of lipid metabolism pathways include, but are not limited to: de novo lipogenesis, fatty
acid re-esterification, fatty acid saturation, fatty acid de-saturation, fatty acid elongation, and
phospholipid biosynthesis. In one embodiment, the methods described herein provide a cell
comprising amodification that modulates lipid metabolism. The modification that modulates
lipid metabolism can be an agent that increases or decreases the expression of a component
involved in lipid metabolism. In one embodiment, the modification that modulates lipid
metabolism comprises an exogenous nucleic acid encoding alipid metabolism modulator
(LMM). In such embodiments, the exogenous nucleic acid encoding aLMM is introduced to the
cell by any of the nucleic acid delivery methods or techniques described herein, e.g., transduction
or transfection

In one embodiment, the methods described herein provide a cell comprising one or more,
e.g., one, two, three, four, five, six, seven, eight, nine or ten, modifications that modulate lipid
metabolism. In embodiments where the cell comprises two or more modifications that modulate
lipid metabolism, each modification that modulates lipid metabolism comprises an exogenous

nucleic acid that encodes aLMM. In one embodiment, each of the two or more exogenous
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nucleic acids that encode aLMM can be located within the same nucleic acid molecule, or are
placed on two or more different nucleic acid molecules. In such embodiments where the cell
comprises two or more nucleic acid sequences encoding LMMs, the LMMs are different from
each other, e.g., encode a different polypeptide sequence or have a different function.

In embodiments, modulation of lipid metabolism in acell, e.g., by introducing and
expressing an exogenous nucleic acid encoding an LMM described herein, alters, e.g., increases
or decreases, one or more of the following:

i) the expression (e.g., transcription and/or trandation) of a component involved in a

lipid metabolism pathway;

i) the activity (eg., enzymatic activity) of a component involved in a lipid

metabolism pathway;

iii) the amount of lipids (e.g., phospholipids, or cholesterol) present in acell;

iv) the amount of lipid rafts or rate of lipid raft formation;

V) the fluidity, permeability, and/or thickness of a cell membrane (e.g., a plasma

membrane, avesicle membrane, or an organelle membrane);

Vi) the conversion of saturated lipids to unsaturated lipids or conversion of

unsaturated lipids to saturated lipids;

vii)  the amount of saturated lipids or unsaturated lipids, e.g., monounsaturated lipids;

viii)  the composition of lipids in the cell to attain a favorable composition that

increases ER activity;

iX) the expansion of the ER (e.g., size of the ER, the ER membrane surface, or the

amounts of the proteins and lipids that constitute and/or reside within the ER);

X) the expansion of the Golgi (e.g., the number and size of the Golgi, the Golgi

surface, or the number or amounts of proteins and molecules that reside within the
Golgi);

Xi) the amount of secretory vesicles or the formation of secretory vesicles,

xii)  the amount or rate of secretion of the product;

xiii)  the proliferation capacity, e.g., the proliferation rate;

xiv)  culture viability or cell survival;

xv)  activation of membrane receptors,

xvi)  the unfolded protein response (UPR);
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xvii)  theyield or rate of production of the product;

xviii) the product quality (e.g., aggregation, glycosylation heterogeneity, fragmentation,
proper folding or assembly, post-trandational modification, or disulfide bond
scrambling); and /or

xix)  cell growth/proliferation or cell specific growth rate.

In an embodiment, modulation of lipid metabolism results in an increase in any of the
properties listed above, e.g., a 1%, 2%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, or 99%, or more, or &t least 1-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 50-fold,
or 100-fold or more, increase in any of the properties listed above as compared to a cell without
modulation of lipid metabolism. In an embodiment, modulation of lipid metabolism results in a
decrease in any of the properties listed above, e.g., a 1%, 2%, 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 95%, or 99%, or more, or &t least 1-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-
fold, 20-fold, 50-fold, or 100-fold or more, decrease in any of the properties listed above as
compared to a cell without modulation of lipid metabolism.

In an embodiment, amodification that modulates lipid metabolism increases or decreases
the expression or activity of acomponent involved in one or more lipid metabolism pathways.

In embodiments where the modification that modulates lipid metabolism results in an increase in
the expression, e.g., transcription or translation, or an increase in the activity of a component of a
lipid metabolism pathway, the component is apositive regulator of the lipid metabolism
pathway. In embodiments where the modification that modulates lipid metabolism resultsin a
decrease in the expression, e.g., transcription or trandation, or a decrease in the activity of a
component of alipid metabolism pathway, the component is a negative regulator of the lipid
metabolism pathway. Assays for quantifying the expression, e.g., transcription and/or
trandation, of a gene of the lipid metabolism pathway, are known in the art, and include
quantifying the amount of mMRNA encoding the gene; or quantifying the amount of the gene
product, or polypeptide; PCR-based assays, e.g., quantitative real-time PCR; Northern blot; or
microarray. Assays for quantifying the activity of a component of the lipid metabolism pathway,
e.g., an enzyme of the lipid metabolism pathway, will be specific to the particular component of
the lipid metabolism pathway.

In embodiments where the modulation of the lipid metabolism of a cell results in an

increase in the level or amount of lipids in the cell, the total level or total amount of lipids in the
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cell can beincreased. In another embodiment, the level or amount of one or more species of
lipids, e.g., aphospholipid or cholesterol, inthe cell can beincreased. An increase in the level or
amount of lipids in the cell (e.g., total or a select lipid species) comprises a 1%, 2%, 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or more, or aone-fold, two-fold, three-fold, four-fold, or five-fold, 10-fold, 20-fold, 50-
fold, or 100-fold, increase inthe level or amount of lipids in the cell after modulation of lipid
metabolism, e.g., live cells, as compared to cells that do not comprise amodification that
modulates lipid metabolism. Assays for quantifying the level or amount of lipids in acell are
known in the art, and include enzymatic assays and oxidation assays and measurement by mass
spectrometry of lipid components in aparticular compartment (e.g., organelle) or from the total
cell.

In one embodiment, amodification that modulates lipid metabolism results in increased
cell survival. For example, cell survival can be measured by determining or quantifying cell
apoptosis, e.g., the number or amount of cells that have been killed or died. Anincrease in cell
survival comprises a 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more, or a one-fold, two-fold, three-fold, four-
fold, or five-fold, 10-fold, 20-fold, 50-fold, or 100-fold, increase inthe number of cells after
modulation of lipid metabolism, e.g., live cells, as compared to cells that do not comprise a
modification that modulates lipid metabolism. Alternatively, an increase in cell survival
comprises a 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or more decrease in the number of apoptotic cells
after modulation of lipid metabolism, e.g., as compared to cells without modulation of lipid
metabolism. Methods for detecting cell survival or apoptosis are known in the art, e.g., Annexin
V assays, and are described herein in the Examples.

In one embodiment, amodification that modulates lipid metabolism results in increased
culture viability. For example, culture viability can be measured by determining or quantifying
the number or amount of live cells, e.g., live cells in a culture or population of cells, or cells that
have a characteristic related tobeing viable, e.g., proliferation markers, intact DNA, or do not
display apoptotic markers. An increase in culture viability comprises a 1%, 2%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or

more, or aone-fold, two-fold, three-fold, four-fold, or five-fold, 10-fold, 20-fold, 50-fold, or
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100-fold, or more increase in the number of cells, e.g., live cells, after modulation of lipid
metabolism, e.g., as compared to cells without modulation of lipid metabolism. Methods for
determining culture viability are known in the art, and are described herein in Example 3. Other
methods for assessing culture viability include, but are not limited to, trypan blue exclusion
methods followed by counting using ahemocytometer or Vi-CELL (Beckman-Coulter). Other
methods for determining viable biomass include methods using radiofrequency impedance or
capacitance (e.g., Carvell and Dowd, 2006, Cytotechnology, 50:35-48), or using Raman
spectroscopy (e.g., Moretto et al., 201 1, American Pharmaceutical Review, Vol. 14).

In one embodiment, amodification that modulates lipid metabolism results in increased
cell proliferation. For example, the ability of acell to proliferate can be measured by
quantifying or counting the number of cells, cell doublings, or growth rate of the cells.
Alternatively, proliferating cells can be identified by analysis of the genomic content of the cells
(e.g., replicating DNA), e.g., by flow cytometry analysis, or presence of proliferation markers,
e.g., Ki67, phosphorylated cyclin-CDK complexes involved in cell cycle. An increase in the
ability to proliferate comprises a 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or more, or one-fold, two-
fold, three-fold, four-fold, five-fold, 10-fold, 20-fold, 50-fold, or 100-fold, or more increase in
the number of cells, or number of cells expressing aproliferation marker, after modulation of
lipid metabolism. Alternatively, an increase in the ability to proliferate comprises a 1%, 2%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, 99%, or more, or one-fold, two-fold, three-fold, four-fold, five-fold, 10-fold,
20-fold, 50-fold, or 100-fold, or more increase in the doubling or growth rate of the cells after
modulation of lipid metabolism. Cell counting can be performed using acell counting machine,
or by use of ahemacytometer.

In one embodiment, amodification that modulates lipid metabolism results in an increase
in production capacity, e.g., the amount, quantity, or yield of product produced, or the rate of
production. An increase in the amount, quantity, or yield of the product produced comprises 1%,
2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 98%, 99%, or more, or by 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-
fold or more increase in the amount, quantity, or yield of the product produced after modulation

of lipid metabolism, e.g., as compared to the amount, quantity, or yield of the product produced
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by a cell without modulation of the lipid metabolism. An increase in the rate of production
comprises 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or more, or byl-fold, 2-fold, 5-fold, 10-fold, 20-
fold, 50-fold, 100-fold, or more increase in the amount, quantity, or yield of the product
produced after modulation of lipid metabolism, after modulation of lipid metabolism, e.g., as
compared to the rate of production of a cell without modulation of the lipid metabolism. In one
embodiment, the rate of production is determined by determining the amount, quantity, or yield
of the product produced in a specific unit of time.

In one embodiment, a modification that modulates lipid metabolism results in an increase
inthe quality of the product, e.g., aggregation, glycosylation status or heterogeneity,
fragmentation, proper folding or assembly, post-translational modification, or disulfide bond
scrambling. An increase quality of the product comprises a 1%, 2%, 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or
more, or by 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold or more of: an increase in
the amount or quantity of non-aggregated product, an increase in the ratio of non-aggregated
product to aggregated product, or decrease in the amount or quantity of aggregated product, after
modulation of lipid metabolism e.g., as compared to that observed in a cell without modulation
of the lipid metabolism. An increase quality of the product comprises a 1%, 2%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
98%, 99%, or more, or by 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold or more of:
an increase in the amount or quantity of properly folded or assembled product, an increase in the
ratio of properly folded or assembled product to misfolded, unfolded, partially assembled, or
non-assembled product, or decrease in the amount or quantity of misfolded, unfolded, partialy
assembled, or non-assembled product, after modulation of lipid metabolism e.g., as compared to
that observed in a cell without modulation of the lipid metabolism. An increase quality of the
product comprises a 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or more, or by 1-fold, 2-fold, 5-fold,
10-fold, 20-fold, 50-fold, 100-fold or more of: an increase in the amount or quantity of non-
fragmented or full-length product, or a decrease in the amount or quantity of fragmented product
after modulation of lipid metabolism, e.g., as compared to that observed in a cell without

modulation of the lipid metabolism. An increase quality of the product comprises a 1%, 2%, 5%,
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10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, 99%, or more, or by 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold or
more of: an increase in the amount or quantity of functional product, or a decrease in the amount
or quantity of non-functional or dysfunctional product after modulation of lipid metabolism, e.g.,
as compared to that observed in a cell without modulation of the lipid metabolism. An increase
quality of the product comprises a 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or more, or by 1-fold, 2-
fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold or more of: an increase or decrease in the glycan
heterogeneity after modulation of lipid metabolism, e.g., as compared to that observed in a cell
without modulation of the lipid metabolism. An increase quality of the product comprises a 1%,
2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 98%, 99%, or more, or by 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-
fold or more of: an increase in the amount or quantity of functional product, or a decrease in the
amount or quantity of non-functional or dysfunctional product after modulation of lipid
metabolism, e.g., as compared to that observed in acell without modulation of the lipid

metabolism.

LIPID METABOLISM MODULATORS

As described herein, modulation of the lipid metabolism can be achieved by expressing or
introducing aLMM, or by altering the regulation of aLMM. In one embodiment, an LMM is
overexpressed in acell, e.g., by introducing an exogenous nucleic acid encoding aLMM or by
increasing expression by introducing promoter elements or other regulatory transcriptional
elements. In another embodiment, the expression or activity of an LMM isinhibited or
decreased, e.g., by introducing an inhibitor of the LMM or an exogenous inhibitory nucleic acid,
e.g., an RNA interfering agent. Examples of inhibitory nucleic acids include short interfering
RNASs (sRNASs) and short hairpin RNA s (shRNAS) that target the LMM, e.g, the mRNA
encoding the LMM. In one embodiment, the activity or expression of an LMM isincreased or
decreased by altering the post-translational modifications or other endogenous regulatory
mechanisms that regulate LMM activity or expression. Regulation by post-translational
modifications include, but are not limited to, phosphorylation, sumoylation, ubiquitination,

acetylation, methylation, or glycosylation can increase or decrease LMM expression or activity.
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By way of example, regulation of post-translational modifications can be achieved through
modulation of the enzyme or molecule that modifies the LMM, or modification of the LMM
such that the post-tranglational modification cannot occur or occurs more frequently or
constitutively. Regulation of the LMM can aso include modulating endogenous regulatory
mechanisms that can increase or decrease LMM expression or activity, e.g., increase or decrease
one or more of: miRNA regulation, protein cleavage, expression of specific isoforms, alternative
splicing, and degradation.

In one embodiment, the LMM modulates, e.g., increases or decreases, the expression, e.g.,
transcription, or activity of a component of the lipid metabolism pathway. In another
embodiment, the LMM modulates, e.g., increases or decreases, the synthesis, degradation,
elongation, or structural conformation (e.g., saturation or desaturation, or esterification) of alipid
or lipid-associated molecule. Exemplary LMMs and/or components of the lipid metabolism
pathway are listed, but not limited, to those listed in Table 1.

Table1. Lipid Metabolism Pathways and Components/Gene Products Ther eof

Pathway Component/Gene Product

Global Lipid Metabolism Regulators SREBF]1 (sterol regulatory element-binding transcription
factor 1)
SREBF?2 (sterol regulatory element-binding transcription
factor 2)
PRMTS5

De Novo Lipogenesis FAS (fatty acid synthase)
ACC (acetyl-coA carboxylase)
ACL (ATP citrate lyase)

Fatty Acid Re-esterification DGAT (diglyceride acyltransferase)
GPAT (glycerol 3-phosphate acyltransferase)
LPL (lipoprotein lipase)

Phospholipid Biosynthesis AGPAT (1-actyl-sn-glycerol-3-phosphate O-acyltransferase)
AGNPR (acyl/alkylglycerone-phosphate reductase)
CCT (phosphocholine cytidyltransferase)

CDS (phosphatidate cytidylyltransferase)

CEPT (diacylglycerol
choline/ehtanolaminephosphotransferase)

CERT (ceramide transfer protein)

CGT (N-acylsphingosine galactosyltransferase)
CPT (diacylglycerol cholinephosphotransferase)
CLS (cardiolipin synthase)

CRD (ceramidase)

GNPAT (glycerone-phosphate O-acyltransferase)
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KDSR (3-ketosphinganine reductase)

LCS (polypeptide N-acetylgal actosaminyltransferase)
PAP (phosphatidic acid phosphatase)

PEMT (phosphatidylethanolamine N-methyltransferase)
PGP (phosphatidylglycerophosphatase)

PGS (CDP-diacylglycerol-glycerol-3-phosphate 3-
phosphatidyltransferase)

PIS (CDP-diacylglycerol-inositol 3-phosphatidyltransferase)
PSD (phosphatidylserine decarboxylase)

PSS1 (phosphatidylserine synthase 1)

PSS2 (phosphatidylserine synthase 2)

SGMS (ceramide choline phosphotransferase)

SNAT (sphingosine N-acyltransferase)

SPK (sphinganine kinase)

SPP (sphingosine- 1-phosphate phosphatase)

SPT (serine Co-pamitoyltransferase)

Fatty Acid Desaturation SCD1 (stearoyl CoA desaturase-1)
SCD2 (stearoyl CoA desaturase-2)
SCD3 (stearoyl CoA desaturase-3)
SCD4 (stearoyl CoA desaturase-4)
SCD5 (Steoryl CoA desaturase-5)
PED (plasmanylethanolamine desaturase)

Regulation of SREBF1 and other SIP (site- 1 protease)

pathways S2P (site-2 protease)

SCAP (SREBF cleavage-activating protein)

INSIGL1 (insulin induced gene 1)

INSIG2 (insulin induced gene 2)

HMG CoA reductase (2-hydroxy-3-methylgulatryl-CoA
reductase)

PPAR receptors, e.g., PPARa, PPARy

In one embodiment, the LMM comprises at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% amino acid sequence identity or homology
with a component, e.g., gene product, involved in alipid metabolism pathway, e.g., provided in
Table 1; or differs by 1, 2, or 3 or more amino acid residues but no more than 50, 40, 30, 20, 15,
or 10 amino acid residues from the amino acid sequence of a component, e.g., gene product,
involved in the lipid metabolism pathway, e.g., provided in Table 1.

In one embodiment, the LMM comprises afunctional fragment of a component involved in

the lipid metabolism pathway, e.g., provided in Table 1. A functional fragment of an LMM as
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described herein may comprise one or more functional domains of the LMM. By way of
example, afunctional fragment of aLMM that is atranscription factor comprises a DNA binding
domain and atransactivation domain. By way of example, afunctional fragment of aLMM that
is an enzyme comprises a domain with enzymatic activity. A functional fragment of an LMM as
described herein retains functional activity, e.g., at least 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, or 90%> of the functional activity, of the full-length LMM. Functional fragments of
an LMM can be experimentally determined by one skilled in the art, or can be predicted using
algorithms based on sequence homology of functional domains. Exemplary LMMs are further
described below.

In any of the embodiments of the methods described herein, the LMM is atranscriptional
regulator. 1n one embodiment, the LMM is atranscription factor or transcriptional activator, that
binds to the DNA or associates in a complex that binds to DNA, and recruits or associates in a
complex that recruits RNA polymerase for transcription of one or more gene products involved
in lipid metabolism. In one embodiment, the LMM binds to a sterol binding element and/or E-
box promoter sequences. In one embodiment, the LMM comprises sterol regulatory element
binding factor 1 (SREBF1) or sterol regulatory element binding factor 2 (SREBF2) or a
functional fragment or isoform thereof.

In an embodiment, the LMM comprises aglobal transcriptional activator or transcription
factor. In one embodiment, the LMM is capable of modulating the transcription of two or more,
e.g., two, three, four, five, six, or more, components of a lipid metabolism pathway, eg., as
provided in Table 1. In another embodiment, the LMM is capable of modulating the
transcription of one or more, e.g., one, two, three, four, or five, or more, components of two or
more lipid metabolism pathways, e.g., components and pathways as provided in Table 1.

Sterol regulatory element binding factor 1 (SREBF1) isaglobal transcriptional activator
which upregulates the transcription of genes involved in lipogenesis, fatty acid re-esterification,
fatty acid desaturation and elongation, and phospholipid biosynthesis by binding to sterol
regulatory element (SRE) and E-box promoter sequences (Hagen, Rodriguez-Cuenca et al.
2010) present in the promoter regions of target genes. Transcription of the SREBF1 gene itself
is endogenously regulated by the presence of the sterol regulatory element (SRE) amongst other
transcriptional regulating elements in the promoter region of the gene. On top of this, a

multitude of posttrandlational regulating mechanisms including phosphorylation, ubiquitination,
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sumoylation, acetylation, fatty acid-mediated modifications and proteolytic processing make for
atightly controlled but adaptable homeostatic system fixed around SREBF1.

Full-length SREBF1 is synthesized and localizes primarily to the endoplasmic reticulum
(ER). Membrane integral SREBFI forms a complex with SREBF cleavage-activating protein
(SCAP) which can facilitate migration of SREBFI to the Golgi. However, when high
sterol levels (particularly cholesterol) are present, a conformational change in SCAP is
induced which aids binding to the membrane integral protein insig (insulin induced gene), thus
inhibiting migration of this complex. In the absence of sterols, insig does not bind to SCAP,
therefore allowing COPIl mediated vesicle formation, and subsequent migration of the
SREBF:SCAP complex to the Golgi. Sequential proteolytic cleavage occurs in the Golgi
mediated by site-1 protease (SIP) and site-2 protease (S2P) proteins liberating the N-terminal
basic helix loop helix leucine zipper (bHLHIz) of SREBFI which isimmediately present in the
cytoplasm, but migrates to the nucleus. Lysine residues present on the cleaved SREBFI are
ubiquitinated and degraded by the 26S proteasome but this ubiquitination can be inhibited
through acetylation of the lysine residues which allows migration to the nucleus. Finaly,
nuclear SREBFI can bind to sterol regulatory element (SRE) sequences upstream of a number
of genes responsible for de novo lipogenesis (fatty acid synthase (FAS) and acetyl coA
carboxylase (ACQ), fatty acid re-esterfication (diacylglycerol acyltransferase (DGAT),
glycerol-3-phosphate (GPAT) and lipoprotein lipase (LPL)), phospholipid biosynthesis
(CTP:phosphocholine cytidylyltransferase (CCT)), fatty acid desaturation (stearoyl-coA
desaturase 1 (SCD1)). Nuclear SREBFI isalso capable of activating transcription of the full
length SREBFl gene itself, but this is also dependent on activation of the liver X receptor
(LXR) promoter sequence aso located upstream of the gene (Brown, Goldstein 1997-
BROWN, M.S. and GOLDSTEIN, J.L., 1997. The SREBP Pathway: Regulation of Cholesterol
Metabolism by Proteolysis of aMembrane-Bound Transcription Factor. Cell, 89(3), pp. 331-
340) (Hagen, Rodriguez-Cuenca HAGEN, R.M., RODRIGUEZ-CUENCA, S.and VIDAL-
PUIG, A., 2010. An allostatic control of membrane lipid composition by SREBP! . FEBS
|etters, 584(12), pp. 2689-2698).

In one embodiment, the LMM comprises SREBFI, an isoform, or a functional fragment

thereof. The amino acid sequence for SREBF isprovided below:

MDELAFGEAALEQTLAEMCELDTAVLNDIEDMLQL INNQDSDFPGLFDAPYAGGETGDTGPS  SPGANS PESFSSASL
ASSLEAFLGGPKVTPAPLSPPPSAPAALKMYPSVS PFS PGPGIKEEPVPLTILQPAAPQPSPGTLLPP SFPAPPVQL
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SPAPVLGYSSL PSGFSGTL PGNTQQPPSSL PLAPAPGVL PTPAL HTQVQSLASQQPL PASAAPRTNTVTSQVQQVPV
VLQPHFI KADSLLLTAVKTDAGATVKTAG  STLAPGTAVQAGPLQTLVSGGTI LATVPLWDTDKLPI HRLAAGSKA
LGSAQSRGEKRTAHNAI EKRYRS S| NDKI VELKDLWGTEAKLNKSAVLRKAI DYl RFL QHSNQKLKQENL TLRSAH
KSKSLKDLVSACGSGGGTDVSME  GVKPEVWWETL TPPPSDAGSPSQSSPL SFGSRASSSGGSDSEPDSPAFEDSQVKA
QRLPSHSRGVLDRSRLAL CVLAFLCLTCNPLASLFGAGE L TPSDATGTHRSSGRSM. EAESRDGSNWI QAL L PPLVW
LANGLLVLACLALLFVYGEPVTRPHSGPAVHFWRHRKQADL DL ARGDFPQAAQQLW. AL QAL GRPLPTSNLDLACSL
LVALI RHLL QORLW/GRW. AGQAGGEL L RDRGL RKDARASARDAAVVYHKL HQL HAMGKYTGGHLAASNLAL SALNLAE
CAGDAI SVMATLAE! YVAAALRVKTSLPRAL HFL TRFFL SSARQACL AQSGSVPL AMMW. CHPVGHRFFVDGDWAVHG
APPESL YSVAGNPVDPLAQVTRLFREHL LERAL NCI AQPSPGAADGDREFSDAL GYLQLLNSCSDAAGAPACSFSVS
SSMAATTGPDPVAKWAASL TAVWI HW. RRDEEAAERL YPLVEHI PQVLQDTERPLPRAALYSFKAARAL L DHRKVES
SPASLAI CEKASGYLRDSLASTPTGSS | DKAMQLLLCDLLL VART SLWORQQSPASVQVAHGT SNGPQASAL EL RGF
QHDL SSL RRLAQSFRPAMRRVFL HEAT ARL MAGASPARTHQL L DRSL RRRAGSSGKGGT TAEL EPRPTWREHTEAL L
LASCYLPPAFLSAPGORVEM_AEAART VEKL GDHRL L L DCQOVMLLRLGGGTTVTSS (SEQ ID NO 1) .

The nucleotide sequence for SREBF1 is provided below:

at ggacgagct ggcct t cggt gaggcggct ct ggaacagacact ggccgagat gt gcgaact ggacacageggtttt
gaacgacat cgaagacat gct ccagct cat caacaaccaagacagt gact t cccgggect gttt gacgeccccectatg
ct gggggt gagacaggggacacaggccccagcageccaggt gccaact ct cct gagagettctcttctgettctcetg
gcctcct ct ct ggaagect t cct gggaggacccaaggt gacacct gcaccctt gt cccct ccaccat cggcacccgce
tgctttaaagat gt acccgtcecgtgtcccecttttcccct gggect gggat caaagaggagcecagt gccact cacca
t cctacagcct gcagcgeccacagcecgt caccggggaccct cct gect ccgagett ccccgecaccacccgt acagcet ¢
agccct gcgececegt get gggt t act cgagect gect t caggett ct cagggaccct t ccaggaaacact cagcagcc
accat ct agcct gcecget ggecccct gcaccaggagt ct t gcccacccect gcecct gcacacccaggt ccaaagctt gg
cctcccagcagecget gccagect cagcagceccct agaacaaacact gt gacct cacaggt ccagcaggt cccagt t
gt act gcagccacact t cat caaggcagact cact gct gct gacagct gt gaagacagat gcaggagccaccgt gaa
gact gcaggcat cagcaccct ggct cct ggcacagccgt gcaggcaggt cccct gcagaccct ggt gagt ggaggga
ccatcttggccacagtacctttggtt gt ggacacagacaaact gcccat ccaccgact cgcagct ggcagcaaggcc
ct aggct cagcet cagagecgt ggt gagaagcgcacagcccacaat gecat t gagaagegcet accggt ct t ct at caa
t gacaagat t gt ggagct caaagacct ggt ggt gggcact gaagcaaagct gaat aaat ct gct gt ct t gcgcaagg
ccat cgact acat ccgctt ctt gcagcacagcaaccagaagct caagcaggagaacct gaccct acgaagt gcacac
aaaagcaaat cact gaaggacct ggt gt cagct t gt ggcagt ggaggaggcacagat gt gt ct at ggagggcat gaa
acccgaagt ggt ggagacgct t acccct ccaccct cagacgccggct caccct cccagagt agccecttgtettttg
gcagcagagct agcagcagt ggt ggt agt gact ct gagcccgacagt ccagcct t t gaggat agccaggt caaagcc
cagcggct gect t cacacagccgaggcat get ggaccget cccgect ggecct gt gt gt act ggectttct gt gt ct
gacct gcaat cctttggectcgettttcgget ggggeattct cact ccct ct gat gct acgggt acacaccgt agt t
ct gggcgcagcat gct ggaggcagagagcagagat ggcet ct aat t ggacccagt ggt t gct gccacccct agt ct gg
ct ggccaat ggact act agt gt t ggcct gctt ggetcttct cttt gt ct at ggggaacct gt gact aggccacact ¢
t ggcccggcet gt acact t ct ggagacat cgcaaacaagct gacct ggat tt ggcccggggagat tt cccccaggcet g
ct caacagct gt ggct ggccct gcaageget gggecggeccct gcccacct caaacct ggat ct ggect gcagtct g
cttt ggaacct cat ccgccacct gct ccagegt ¢t ct gggt gggecget ggct ggcaggeccaggecgggggect get
gagggaccgt gggct gaggaaggat gcccgt gccagt gcccgggat geggcet gt t gt ct accat aagct gcaccagce
t gcat gccat gggcaagt acacaggaggacat ctt gct gctt ct aacct ggcact aagt gccct caacct ggct gag
t gcgcaggagat get at ct ccat ggcaacact ggcagagat ct at gt ggcagcggecct gagggt caaaaccagcect
cccaagagccct gcactt ctt gacacgtttcttcct gagcagcgecccgecaggcect gect agcacagagcggcet cgg
tgcctctt gccat gcagt gget ct gccaccct gt aggt caccgtttcttt gt ggacggggact gggecegt gcacggt
gcccccccggagagect gt acagegt gget gggaacccagt ggat ccget ggeccaggt gaccegget at t ccgt ga
acat ct cct agagcgagegt t gaact gt at t gct cagcccagcccaggggcagcet gacggagacagggagtt ct cag
at gccct t ggat at ct gcagt t gct aaat agct gt t ct gat gct gccgggget cctgett gcagtttct ct gt cage
t ccagcat ggct gccaccact ggcccagacccagt ggccaagt ggt gggect cact gacagcet gt ggt gat ccact g
gct gaggcgggat gaagaggcagct gagcgct t gt acccact ggt agagcat at cccccaggt get gcaggacact g
agagacccct gcccagggeagct ct gt act cct t caaggct gcccgggct ct gct ggaccacagaaaggt ggaat ct
agcccagccagect ggecat ct gt gagaaggccagt gggt acct gcgggacagct t agect ct acaccaact ggcag
ttccattgacaaggccat gcagct gct cct gt gt gat ct act t ct t gt ggccegt accagt ct gt ggcagcggcagce
agt caccagct t cagt ccaggt agct cacggt accagcaat ggaccccaggect ct get ct ggaget gegtggtttc
caacat gacct gagcagcct gcggeggt t ggcacagagct t ccggect get at gaggagggt at t cct acat gaggce
cacagct cggct gat ggcaggagcaagt cct gcccggacacaccagct cct ggat cgcagt ct gaggaggagggceag
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gt t ccagt ggcaaaggaggcact acagct gagct ggagccacggcccacat ggcgggagcacaccgaggecct gect g
ttggcatcctgetat ct gcccect gect t cct gt cgget cct gggcagcgaat gageat get ggccgaggeggeacg
caccgt agagaagctt ggcgat caccggc tact get ggact gccagcagat get cct gecgect gggcggeggaacca
ccgt cacttccagct ag (SEQ ID NO  2).

In one embodiment, the LMM comprises a least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with the amino acid sequence of
SREBF1 ; eg., SEQ ID NO: 1; or differs by 1, 2, or 3 or more amino acid residues but no more
than 50, 40, 30, 20, 15, or 10 amino acid residues from the amino acid sequence of SREBF1,
e.g.,, SEQID NO: 1.

Isoforms of SREBF1 are known in the art, and include isoform a and isoform b, aswell as
species or cell specific, e.g., CHO cell specific, isoforms, such as isoform c. The amino acid

sequence for SREBF1 isoform a (GenBank Accession No. NP_001005291 .2) is provided below.

MDEPPFSEAAL EQAL GEPCDL DAAL L TDI EGEVGAGRGRANGL DAPRAGADRGAVDCTFEDM. QLI NNQD
SDFPGL FDPPYAGSGAGGT DPASPDT SSPGSL SPPPATL SSSL EAFL SGPQAAPSPL SPPQPAPTPL KMY
PSMPAFSPGPG KEESVPLSI LQTPTPQPLPGAL L PQSFPAPAPPQFSSTPVL GYPSPPGGFSTGSPPGN
TQQPLPGLPLASPPGVPPVSL HTQVQSWPQQL L TVTAAPTAAPVTTTVTSQ QQVPVLLQPHFI KADSL

LL TAMKTDGATVKAAGL SPLVSGTTVQTGPLPTLVSGGTI LATVPLWDAEKL Pl NRLAAGSKAPASAQS
RGEKRTAHNAI EKRYRSSI NDKI | ELKDLWGTEAKLNKSAVLRKAI DY! RFL QHSNQKLKQENL SLRTA
VHKSKSL KDL VSACGSGGNTDVL MEGVKTEVEDTL TPPPSDAGSPFQSSPL SL GSRGSGSGGSGSDSEPD
SPVFEDSKAKPEQRPSL HSRGVL DRSRLAL CTL VFL CL SCNPLASL L GARGL PSPSDTTSVYHSPGRNVL
GTESRDGPGMAQW. L PPWALLNGLLVLVSLVLLFVYGEPVTRPHSGPAVY  FWRHRKQADL DLARGDFAQ
AAQQLWL.AL RAL GRPL PTSHLDLACSL LWKL | RHL L QRL VWGRW. AGRAGGL QQDCAL RVDASASARDAA
LVYHKL HQL HT MGKHT GGHL TATNLAL SALNLAECAGDAVSVATLAEl  YVAAALRVKTSLPRALHFLTRF
FL SSARQACL AQSGSVPPAMAL CHPVGHRFFVDGDWSEVL STPVESL YSL AGNPVDPLAQVTQL FREHL L
ERALNCVTQPNPSPGSADGDKEFSDAL GYL QL LNSCSDAAGAPAYSFS| SSSMATTTGVDPVAKWAASL T
AWI HW.RRDEEAAERL CPLVEHL PRVL QESERPL PRAAL HSFKAARAL L GCAKAESGPASL TI CEKASG
YLQDSLATTPASSSI DKAVQL FL CDL L L VWRTSLWRQQQPPAPAPAAQGT SSRPQASAL EL RGFQRDL SS
LRRLAQSFRPAVRRVFL HEATARL MAGASPTRTHQL L DRSL RRRAGPGGKGGAVAEL EPRPTRREHAEAL
LLASCYL PPGFL SAPGQRVGVL AEAARTL EKL GDRRL L HDCQQWL MRL GGGTTVTSS (SEQ ID N0 28)

The nucleic acid sequence, or mMRNA sequence, for SREBF1 isoform a (GenBank

Accession No. NM 001005291 .2) is provided below.

AGCAGAGCT GCGECCGEEEEGAACCCAGT TTCCGAGGAACT TTTCGCCEECGCCEEECCECCTCTGAGECC
AGGGECAGGACACGAACGCGCGGAGCGECGEECEECEACT GAGAGCCGEEECCECEECEECECT CCCTAGGA
AGGGECCGT ACGAGECGEECEEECCCEECEEECCT CCCCGAGGAGECGECT GCGCCAT GGACGAGCCACCCT
TCAGCGAGGCGGECT TTGGAGCAGGECGCT GGECGAGCCGT GCGAT CT GGACGCGECGECT GCTGACCGACAT
CGAAGGT GAAGT CGECGCGEEEGAGEEGET AGGECCAACGGECCT GGACGCCCCAAGGGECGEECGECAGATCGC
GGAGCCATGGATTGCACT TTCGAAGACATGCTTCAGCT TATCAACAACCAAGACAGT GACTTCCCTGGECC
TATTTGACCCACCCT ATGCT GGGAGT GGGECAGGGEEECACAGACCCT GCCAGCCCCGATACCAGCTCCCC
AGGCAGCTTGTCTCCACCT CCTGCCACATTGAGCTCCTCTCTTGAAGCCT TCCT GAGCGGEGECCGCAGECA
GCGCCCTCACCCCT GT'CCCCTCCCCAGCCT GCACCCACT CCATTGAAGATGTACCCGT CCATGCCCCGCTT
TCTCCCCT GGGECCT GGTATCAAGGAAGAGT CAGT GCCACT GAGCAT CCTGCAGACCCCCACCCCACAGCC
CCTGCCAGGEECCCT CCTGCCACAGAGCT TCCCAGCCCCAGCCCCACCGCAGT TCAGCTCCACCCCTGT G
TTAGGCTACCCCAGCCCT CCGGGAGGCT TCTCTACAGGAAGCCCT CCCGGGAACACCCAGCAGCCGCTGC
CTGGCCTGCCACTGGECT TCCCCGCCAGGEGT CCCGCCCGT CTCCT TGCACACCCAGGT CCAGAGT GTGGT
CCCCCAGCAGCTACT GACAGT CACAGCT GCCCCCACGGECAGCCCCT GTAACGACCACT GTGACCT CGCAG
ATCCAGCAGGT CCCGGT CCTGCTGCAGCCCCACT TCAT CAAGGCAGACT CCCTGCTTCTGACAGCCATGA
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AGACAGACGGAGCCACT GT GAAGGCGGECAGGT CTCAGT CCCCTGGT CTCTGGCACCACT GTGCAGACAGG
GCCTTTGCCGACCCT GGT GAGT GGCGGAACCAT CT TGECAACAGT CCCACT GGT CGTAGAT GCGGAGAAG
CTGCCTATCAACCGGECT CGCAGCT GGCAGCAAGGCCCCGECCT CTGCCCAGAGCCGT GGAGAGAAGCGCA
CAGCCCACAACGCCAT TGAGAAGCGCTACCGCT CCTCCATCAAT GACAAAAT CATTGAGCT CAAGGATCT
GGT GGTGGECACT GAGGCAAAGCT GAATAAAT CTGCTGT CTTGCGCAAGGCCATCGACTACATTCGCTTT
CTGCAACACAGCAACCAGAAACT CAAGCAGGAGAACCT AAGT CTGCGCACT GCTGT CCACAAAAGCAAAT
CTCTGAAGGATCT GGT GT CGECCT GT GGCAGT GGAGGGAACACAGACGT GCTCAT GGAGGECGT GAAGAC
TGAGGT GGAGGACACACT GACCCCACCCCCCT CGGATGCTGECTCACCT TTCCAGAGCAGCCCCTTGTCC
CTTGGCAGCAGGEGEGECAGT GECAGCGGT GGCAGT GGCAGT GACT CGGAGCCTGACAGCCCAGI CTTTGAGG
ACAGCAAGGECAAAGCCAGAGCAGCGECCGT CTCTGCACAGCCGEGEEECAT GCTGGACCGCTCCCGLCTGEC
CCTGTGCACGCTCGTCTTCCTCTGCCTGT CCTGCAACCCCT TGECCT CCT TGCT GEGEEECCCEEEECECT T
CCCAGCCCCT CAGATACCACCAGCGT CTACCAT AGCCCT GGGCGCAACGT GCTGEECACCGAGAGCAGAG
ATGGECCCTGECT GGECCCAGT GECTGCTGCCCCCAGT GGT CTGECTGCTCAATGGECTGT TGGT GCTCGT
CTCCTTGGTGCTTCTCTTTGI CTACGGT GAGCCAGT CACACGGCCCCACT CAGGCCCCGCCGTGTACTTC
TGGAGGCAT CGCAAGCAGGECT GACCT GGACCT GGCCCGEEGAGACT TTGCCCAGGCT GCCCAGCACGCTGT
GGECTGGECCCT GCGEECACT GEECCGECCCCT GCCCACCT CCCACCTGGACCTGECTTGTAGCCTCCTCTG
GAACCTCATCCGT CACCT GCTGCAGCGT CT CT GGGT GGECCGCT GECT GEGCAGGCCGEECAGEEEECCTG
CAGCAGGACT GT GCT CTGCGAGT GGAT GCTAGCGCCAGCGCCCGAGACGCAGCCCTGGTCTACCATAAGC
TGCACCAGCT GCACACCAT GGGGAAGCACACAGGECGEECACCT CACT GCCACCAACCT GECGECTGAGTGC
CCTGAACCT GGCAGAGT GT GCAGGEGGATGCCGT GT CT GT GGCGACGCT GGCCGAGAT CTAT GT GGCGCECT
GCATTGAGAGT GAAGACCAGT CTCCCACGEECCTTGCATTTTCTGACACGCTTCTTCCTGAGCAGI GCCC
GCCAGGCCT GCCTGECACAGAGT GGCTCAGT GCCTCCT GCCAT GCAGT GECTCTGCCACCCCGT GGGCCA
CCGITTCTTCGT GGATGEGGACT GGT CCGT GCT CAGT ACCCCAT GGGAGAGCCT GTACAGCT TGECCGEG
AACCCAGT GGACCCCCT GGCCCAGGT GACT CAGCTATTCCGGGAACAT CTCTTAGAGCGAGCACT GAACT
GT GT GACCCAGCCCAACCCCAGCCCT GGGT CAGCT GAT GGGGACAAGGAAT TCTCGGATGCCCTCGGGTA
CCTGCAGCT GCTGAACAGCTGT TCTGATGCT GCGEEEECTCCTGCCTACAGCT TCTCCATCAGT TCCAGC
ATGGECCACCACCACCGECGTAGACCCGGT GGCCAAGT GGT GEGECCT CTCTGACAGCTGT GGTGATCCACT
GGCT GCGECEEGAT GAGGAGECGECT GAGCGECT GT GCCCGCT GGT GGAGCACCT GCCCCGEGT GCTGCA
GGAGT CTGAGAGACCCCT GCCCAGGECAGCT CTGCACT CCTTCAAGGCT GCCCGEECCCT GCTGEECTGT
GCCAAGGCAGAGT CTGGT CCAGCCAGCCT GACCAT CT GT GAGAAGGCCAGT GGGTACCT GCAGGACAGCC
TGGCTACCACACCAGCCAGCAGCT CCATTGACAAGGCCGTGCAGCTGTI TCCTGTGTGACCTGCTTCTTGT
GGT GCGCACCAGCCT GT GECGECAGCAGCAGCCCCCGECCCCGECCCCAGCAGCCCAGEGCACCAGCAGC
AGGCCCCAGGCT TCCGCCCT TGAGCT GCGT GECT TCCAACGGGACCT GAGCAGCCT GAGGCGECTGGECAC
AGAGCT TCCGGCCCGECCAT GCGGAGGGT GT TCCTACAT GAGGCCACGECCCGECT GAT GGCGEEEEECCAG
CCCCACACGGACACACCAGCT CCTCGACCGCAGT CT GAGGCGECGEECAGECCCCGGT GGCAAAGGAGEC
GCGGT GECCGAGCT GGAGCCGCGEECCCACGCGECEEGAGCACGCGEGAGECCT TGCTGCTGECCTCCTGLT
ACCTGCCCCCCGECT TCCT GT CEECGECCCGEECAGCGCGT GEGCAT GCTGECT GAGGCGECGECGCACACT
CGAGAAGCT TGGECGAT CGCCGECT GCTGCACGACT GT CAGCAGAT GCTCATGCGCCT GEECGGT GGGACC
ACTGTCACTTCCAGCTAGACCCCGT GT CCCCGECCT CAGCACCCCTGI CTCTAGCCACT TTGGT CCCGT G
CAGCTTCTGI CCTGCGT CGAAGCT TTGAAGGCCGAAGECAGT GCAAGAGACT CTGECCTCCACAGI TCGA
CCTGCGGECTGCTGTI GTGCCT TCGCGGT GGAAGGCCCGAGGEGEECGCGAT CT TGACCCT AAGACCGEECGECC
ATGATGGTGCTGACCT CT GGT GECCGAT CGGEECACT GCAGGGEGECCGAGCCAT T T TGEEEEGECCCCCCTC
CTTGCTCTGCAGGCACCTTAGTGECTTTTTTCCTCCTGT GTACAGGGAAGAGAGEGGTACATTTCCCTGT
GCTGACGGAAGCCAACTTGGECTTTCCCGGACT GCAAGCAGGEGECT CTGCCCCAGAGECCTCTCTCTCCGTC
GT GCGAGAGAGACGT GTACATAGT GTAGGT CAGCGT GCTTAGCCT CCTGACCT GAGGCTCCTGT GCTACT
TTGCCTTTTGCAAACTTTATTTTCATAGATTGAGAAGT TTTGTACAGAGAATTAAAAATGAAATTATTTA
TAATCTGGGTTTTGITGTCTTCAGCT GATGGATGT GCT GACTAGT GAGAGT GCT TGGGECCCTCCCCCAGCA
CCTAGGGAAAGGCT TCCCCT CCCCCT CCGGCCACAAGGTACACAACT TTTAACTTAGCTCTTCCCGATGT
TTGTTTGI TAGT GGGAGGAGT GGGGAGGEECT GGCTGTATGECCTCCAGCCTACCTGT TCCCCCTGCTCCC
AGGGCACATGGT TGEGECT GT GTCAACCCT TAGGGCCT CCAT GGGGT CAGT TGT CCCTTCTCACCT CCCAG
CTCTGT CCCCAT CAGGT CCCT GGGT GGCACGEGAGGAT GGACT GACT TCCAGGACCTGT TGT GT GACAGG
AGCTACAGCTTGGGT CTCCCTGCAAGAAGT CTGECACGT CTCACCT CCCCCATCCCGECCCCTGGTCATC
TCACAGCAAAGAAGCCT CCTCCCT CCCGACCT GCCGCCACACT GGAGAGGEGEGEECACAGEEECEEEEGAGE
TTTCCTGI TCTGI GAAAGGCCGACT CCCTGACT CCAT TCATGCCCCCCCCCCCAGCCCCTCCCTTCATTC
CCATTCCCCAACCT AAAGCCT GGCCCGECT CCCAGCT GAAT CTGGT CGGAATCCACGGEGCTGCAGATTTT
CCAAAACAATCGTTGTATCTTTATTGACTTTTTTTTTTTTTTTTTTCTGAATGCAATGACTGITTTTTAC
TCTTAAGGAAAATAAAC ATCTTTTAGAAACAAAAAAAAAAAA  (SEQ I D NGO 29)
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The amino acid sequence for SREBFI isoform b (GenBank Accession No. NP_004167.3 )

isprovided below.

MDEPPFSEAAL EQAL GEPCDLDAAL L TDI EDMLQLI NNQDSDFPGL FDPPYAGSGAGGTDPASPDTSSPG
SLSPPPATL SSSLEAFL SGPQAAPSPL SPPQPAPTPLKMYPSMPAFSPGPG KEESVPLS | LQTPTPQPL
PGAL L PQSFPAPAPPQFSSTPVL GYPSPPGGFSTGSPPGNTQQPL PGL PLASPPGVPPVSL HTQUVQSWP
QQLLTVTAAPTAAPVTTTVTSQ QQVPVLLQPHFI KADSLLLTAVKTDGATVKAAGL SPLVSGTTVQTGP
LPTLVSGGTI LATVPLVWDAEKLPI NRLAAGSKAPASAQSRGEKRTAHNAI EKRYRSSI NDKI | ELKDLV
VGTEAKLNKSAVLRKAI DY! RFL QHSNQKL KQENL SLRTAVHKSKSL KDL VSACGSGGNTDVLVEGVKTE
VEDTL TPPPSDAGSPFQSSPL SL GSRGSGSGGSGSDSEPDSPVFEDSKAKPEQRPSL HSRGVL DRSRLAL
CTLVFLCLSCNPLASL L GARGL PSPSDTTSVYHSPGRNVL GTESRDGPGWAQWL L PPWALLNGLLVLVS
LVLLFVYGEPVTRPHSGPAVYFWRHRKQADL DL ARGDFAQAAQQL W.AL RAL GRPL PTSHL DLACSL LW

LI RHL L QRLVW/GRW. AGRAGGL QQDCAL RVDASASARDAAL VYHKL HQL HTMGKHT GGHL TATNLAL SAL
NLAECAGDAVSVATLAE! YVAAAL RVKTSL PRAL HFL TREFL SSARQACL AQSGSVPPAMQNL CHPVGHR
FFVDGDWSVLSTPVESLYSLAGN PVDPLAQVTQLFREHL L ERALNCVTQPNPSPGSADGDKEFSDAL GYL
QLLNSCSDAAGAPAYSFSI SSSMATTTGVDPVAKWAASL TAVWI HW. RRDEEAAERL CPLVEHL PRVL QE
SERPL PRAAL HSFKAARAL L GCAKAESGPASL TI CEKASGYLQDSLATTPASSS | DKAVQLFLCDLLLW
RTSLVWRQQQPPAPAPAAQGT SSRPQASAL EL RGFQRDL SSLRRLAQSFRPAVRRVFL HEATARL MAGASP
TRTHQL L DRSL RRRAGPGGEKGGAVAEL EPRPTRREHAEAL L LASCYL PPGFL SAPGQRVGVLAEAARTLE
KLGDRRLLHDCQOVMLMRLGGGTTVTSS  (SEQ ID NO  30)

The nucleic acid sequence, or mMRNA sequence, for SREBFI isoform b (GenBank
Accession No. NM_004176.4) is provided below.

AGCAGAGCT GCGGECCGEEEGAACCCAGT TTCCGAGGAACT TTTCGCCGECECCEEECCECCT CTGAGECC
AGGGCAGGACACGAACGCGCEGAGCGEECGECEECGACT GAGAGCCGEEECCECEECGECECT CCCTAGGA
AGGGECCGT ACGAGGECGEECEEECCCEECEEECCT CCCCRAGGAGECGECT GCGCCAT GGACGAGCCACCCT
TCAGCGAGGCGGECT TTGGAGCAGECGCT GEGECGAGCCGT GCGAT CT GGACGCGECGECT GCTGACCGACAT
CGAAGACATGCTTCAGCT TATCAACAACCAAGACAGT GACTTCCCTGGCCTATTTGACCCACCCTATGCT
GGGAGT GGEECAGGEEGECACAGACCCT GCCAGCCCCGATACCAGCT CCCCAGECAGCTTGTCTCCACCTC
CTGCCACATTGAGCTCCTCTCTTGAAGCCT TCCT GAGCGGEGECCGCAGECAGCGECCCTCACCCCTGIrecec
TCCCCAGCCTGCACCCACT CCATTGAAGATGTACCCGT CCATGCCCGCTTTCTCCCCTGEGECCTGGTATC
AAGGAAGAGT CAGT GCCACT GAGCAT CCT GCAGACCCCCACCCCACAGCCCCTGCCAGGEEGECCCTCCTGC
CACAGAGCT TCCCAGCCCCAGCCCCACCGCAGT TCAGCT CCACCCCTGT GT TAGGCTACCCCAGCCCTCC
GGGAGGCTTCTCTACAGGAAGCCCT CCCGEGAACACCCAGCAGCCGCT GCCTGECCTGCCACTGECTTCC
CCGCCAGGEGT CCCGCCCGT CTCCTTGCACACCCAGGT CCAGAGT GTGGT CCCCCAGCAGCTACTGACAG
TCACAGCT GCCCCCACGGCAGCCCCT GTAACGACCACT GTGACCT CGCAGAT CCAGCAGGT CCCGGTCCT
GCTGCAGCCCCACTTCATCAAGGCAGACT CGCTGCTTCTGACAGCCAT GAAGACAGACGGAGCCACTGTG
AAGGCGECAGGT CTCAGT CCCCTGGT CTCTGECACCACT GT GCAGACAGGEGECCT TTGCCGACCCTGGTGA
GT GGCGGAACCAT CTTGGCAACAGT CCCACT GGT CGTAGAT GCGGAGAAGCTGCCTATCAACCGGECTCGC
AGCT GECAGCAAGGCCCCGECCT CTGCCCAGAGCCGT GGAGAGAAGCGCACAGCCCACAACGCCATTGAG
AAGCGCTACCGCTCCTCCATCAAT GACAAAAT CAT TGAGCT CAAGGAT CTGGT GGTGGGCACT GAGGCAA
AGCTGAATAAATCTGCTGT CTTGCGCAAGGCCATCGACTACATTCGCTTTCTGCAACACAGCAACCAGAA
ACTCAAGCAGGAGAACCT AAGT CTGCGCACT GCTGT CCACAAAAGCAAATCTCTGAAGGATCTGGTGTCG
GCCT GT GGCAGT GGAGGGAACACAGACGT GCT CAT GGAGGGECGT GAAGACT GAGGT GGAGGACACACTGA
CCCCACCCCCCT CGGATGCTGECTCACCT TTCCAGAGCAGCCCCT TGT CCCT TGECAGCAGGGGECAGT GG
CAGCGGT GECAGT GGCAGT GACT CGGAGCCT GACAGCCCAGT CTTTGAGGACAGCAAGGCAAAGCCAGAG
CAGCGGCCGT CTCTGCACAGCCGEEECATGCT GGACCGCT CCCGCCTGECCCTGIGCACGCTCGTCTTCC
TCTGCCTGICCTGCAACCCCT TGECCTCCT TGCT GEEEECCCGEEEGECT TCCCAGCCCCT CAGATACCAC
CAGCGT CTACCATAGCCCT GGGCGCAACGT GCT GGGCACCGAGAGCAGAGAT GECCCT GECTGEECCCAG
TGGECTGCTGCCCCCAGT GGT CTGECTGCTCAATGEECTGT TGGTGCTCGTCTCCTTGGTGCTTCTCTTTG
TCTACGGT GAGCCAGT CACACGGCCCCACT CAGGCCCCGCCGT GTACT TCT GGAGGCAT CGCAAGCAGGEC
TGACCTGGACCT GGCCCGEEGAGACT TTGCCCAGGCT GCCCAGCAGCT GT GGECTGECCCTGCGEECACT G
GGECCGECCCCTGCCCACCT CCCACCT GGACCT GECTTGTAGCCT CCTCTGGAACCT CATCCGT CACCTGC
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TGCAGCGTCTCTGEGT GGECCGCT GECT GECAGGCCGGGCAGGEGEGGECCT GCAGCAGGACT GTGCTCTGCG
AGTGGAT GCTAGCGCCAGOGCCCGAGACGCAGOCCT GGT CTACCAT AAGCT GCACCAGCT GCACACCATG
GGGAAGCACACAGGOGGGCACCT CACT GCCACCAACCT GGOGCT GAGT GCCCT GAACCT GGCAGAGTGTG
CAGGGGATGCCGT GTCTGT GGOGACGCT GGCOGAGAT CTAT GT GGOGGCT GCAT TGAGAGT GAAGACCAG
TCTCCCACGGGCCT TGCATTTTCTGACACGCT TCTTCCT GAGCAGT GOCOGCCAGGCCT GCCTGGCACAG
AGTGGCTCAGT GCCT CCTGOCAT GCAGT GGCT CTGCCACCCCGT GGGOCACCGT TTCT TCGT GGATGGGG
ACTGGTCCGTGCTCAGTACCCCAT GGGAGAGCCT GTACAGCT TGECCGGGAACCCAGT GGACCCOCTGRC
CCAGGTGACT CAGCTATTCCGGGAACAT CTCTTAGAGCGAGCACT GAACT GT GTGACCCAGCCCAACCCC
AGCCCT GGGT CAGCT GAT GGGGACAAGGAAT TCTCGGAT GOCCT CGGGTACCT GCAGCT GCT GAACAGCT
GTTCTGATGCT GCGGEGEGGCT CCTGOCT ACAGCT TCT CCAT CAGT TCCAGCAT GGCCACCACCACCGGCGT
AGACCCGGT GGOCAAGT GGTGGGCCTCTCTGACAGCT GT GGT GAT CCACT GECT GOGGOGGGAT GAGEAG
GCGGCT GAGCGGCT GT GCCCGCT GET GRAGCACCT GOCCOGRGT GCTGCAGGAGT CTGAGAGACCCCTGC
CCAGGGCAGCT CTGCACT CCT TCAAGGCT GOCCGGGCCCT GCT GGGCT GT GOCAAGGCAGAGT CTGGTCC
AGCCAGCCTGACCAT CTGT GAGAAGGCCAGT GGGTACCT GCAGGACAGCOCT GGCT ACCACACCAGCOCAGC
AGCTCCATTGACAAGGCCGT GCAGCTGT TCCT GTGTGACCTGCTTCTTGT GGT GCGCACCAGCCT GTGRC
GGCAGCAGCAGCCOCCGECCCOGEOCCCAGCAGCCCAGEGRCACCAGCAGCAGGCCCCAGGCT TCOGCCCT
TGAGCT GOGT GGCT TCCAACGGGACCT GAGCAGCCT GAGGOGGCT GGCACAGAGCT TCOGGCCOGCCATG
CGGAGGGTGT TCCTACAT GAGGCCACGGOCCGRCT GAT GECGGGGGECCAGCCCCACACGGACACACCAGC
TCOCT CGACCGCAGT CTGAGGCGGOGGEGECAGGCCCCGET GRCAAAGGAGGOGCGGT GGOGGAGCT GGAGCT
GCGGCOCACGCGROGGEEAGCACGOGGAGECCT TGCT GCTGECCT CCTGCTACCTGOCCCCOGECTTCCTG
TOGGECGCCCGEECAGCGOGT GRGCAT GCT GGCT GAGGCGEOGCGCACACT CGAGAAGCT TGGOGATCGCC
GGCTGCTGCACGACT GTCAGCAGAT GCT CAT GOGCCT GGGRCGGT GGGACCACT GTCACT TCCAGCTAGAC
OCCGT GTCOCCGGEOCT CAGCACCCCT GTCTCTAGCCACT TTGGT COCGT GCAGCT TCTGTCCTGOGT CGA
AGCTTTGAAGGCCGAAGGCAGT GCAAGAGACT CTGGCCT CCACAGT TCGACCT GCGGCTGCTGTGTGCCT
TOGCGGT GGAAGGCCOGAGGGGCGOGAT CT TGACCCT AAGACCGGCGGCCAT GATGGT GCTGACCTCTGG
TGGCCGAT CGEGGCACT GCAGGGGEOOGAGCCAT TTTGGGEEECCCCOCT CCTTGCT CTGCAGGCACCTTA
GTGGCTTTTTTCCTCCTGT GTACAGGGAAGAGAGGGGTACAT TTCOCT GTGCTGACGGAAGCCAACTTGG
CTTTCOOGGACT GCAAGCAGGGCT CTGCCOCAGAGGCCTCTCTCTCOGT CGT GGGAGAGAGACGT GTACA
TAGTGTAGGTCAGCGTGCTTAGCCTCCTGACCT GAGGCT CCTGTGCTACT TTGCCTTTTGCAAACT TTAT
TTTCATAGATTGAGAAGT TTTGTACAGAGAATTAAAAAT GAAATTATTTATAATCTGGGT TTTGTGTCTT
CAGCTGATGGATGTGCTGAC TAGTGAGAGT GCTTGGGECCCTCOCCCAGCACCT AGGGAAAGGCT TCOCCT
CCCCCTCOGGCCACAAGGT ACACAACT TTTAACT TAGCTCTTCCOGATGT TTGT TTGT TAGT GGGAGGAG
TGGGGAGGGECTGACT GTATGGECCT CCAGCCT ACCT GTTCOCCCT GCT CCCAGGGCACAT GGT TGEGCTGT
GTCAACCCTTAGGGCCT CCATGGGGT CAGT TGTCCCTTCTCACCTCOCAGCT CTGT CCCCATCAGGTCCC
TGGGT GECACGGGAGGAT GGACT GACT TCCAGGACCT GTTGT GT GACAGGAGCT ACAGCT TGGGTCTCCC
TGCAAGAAGT CTGGCACGT CTCACCT CCCCCAT COCGGCOCCT GGT CATCTCACAGCAAAGAAGCCTCCT
CCCTCOCGACCT GOCGCCACACT GGAGAGGGEGGCACAGGGEGECGGGEGAGGT TTCCTGTTCTGTGAAAGEC
CGACTCCCTGACT CCATTCAT GCOCCCCOCCCCAGCCCCT CCCT TCAT TCCCAT TCCCCAACCTAAAGCC
TGGECCCGGCTCCCAGCT GAAT CTGGT CGGAAT CCACGGGCT GCAGAT TTTCCAAAACAAT CGTTGTATCT
TTATTGACTTTTTTTTTTTTTTTTTTCTGAATGCAATGACTGT TTTTTACTCTTAAGGAAAATAAACATC
TTTTAGAAACAAAAAAAAAAAA  (SEQ ID NO.  31)

The nucleic acid sequence, or CDS, for SREBF1 isoform ¢ (GenBank Accession No.

NM_00 1244003) isprovided below.

ATGGACGAGCTGCCT TTCGGT GAGGCGGCT GT GGAACAGGEOGCT GGACGAGCT GGGOGAACT GGACGCCGCACT GCT
GACCGACAT CCAAGACAT GCTTCAGCTCATCAACAACCAAGACAGT GACT TCCCTGGCCTGTTTGATTCCCCCTATG
CAGGGGGCGEGEGECAGGAGACACAGAGCCCACCAGCCCT GGT GCCAACT CTCCTGAGAGCT TGTCTTCTCCTGCTTCC
CTGGGT TCCTCTCTGGAAGOCT TCCT GEGGGAACCCAAGGCAACACCT GCATCCTTGT CCCCT GT GCOGTCTGCATC
CACTGCTTTAAAGATGTACCCGT CTGTGOCCCCCT TCT CCOCT GGGOCT GGAAT CAAAGAAGAGCCAGT GOCACTCA
CCATCCTGCAGCCCCCAGCAGCACAGCOCAT CACCAGGGACCCT CCTGOCT COGAGT TTCCCT CCACCACCCCTGCAG
CTCAGCCCGGCT CCTGT GCTGGGGTATTCTAGCCT TCCT TCAGGCT TCTCAGGGACCCT TCCT GGAAATACCCAACA
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GCCACCATCTAGCCTGT CACT GGOCT CTGCACCAGGAGT CTCGCCCAT CTCT TTACACACCCAGGT CCAGAGCTCAG
CCTCCCAGCAGCCACT GOCAGCCT CAACAGCCCCT AGAACAACCACT GT GACCT CACAGAT CCAGCGGGT CCCAGTC
GTACTGCAGCCACAT TTCATCAAGGCAGAT TCACT GCTACT GACAACT GTAAAAACAGAT ACAGGAGCCACGAT GAA
GACGGCT GGCAT CAGT ACCT TAGCCCCT GECACAGCCGT GCAGGCAGGCCCCT TGCAGACCCT GGTGAGT GGTGGGA
CCATCCTGGCCACAGT ACCAT TGGT TGT GGATACAGACAAACT GCOCAT CCAT CGACT GGCAGCT GGCAGCAAGGCC
CTGGGCT CAGCT CAGAGCCGT GGT GAGAAGCGCACAGOCCACAAT GOCAT TGAGAAGCGCTACCGT TCCTCTATCAA
TGACAAGAT TGT GGAGCT CAAAGACCT GGT GGT GBECACT GAGGCAAAGCT GAAT AAAT CTGOCGT CTTGCGCAAGG
CCATCGACTATATCCGCT TCTTACAGCACAGCAACCAGAAGCT CAAGCAGGAGAACCT GGOCCT GOGAAAT GCCGCT
CACAAAAGCAAAT CCCT GAAGGACCT GGT GT CGGECCT GT GGCAGT GCAGGAGGCACAGAT GT GGCTATGGAGGGTGT
GAAGCCT GAGGT GGTGGATACGCT GACCCCT CCACCCT CAGACGCT GBCT CGCCCT CCCAGAGT AGCCCCTTGTCCC
TCGGCAGCAGAGGT AGCAGCAGT GGT GGCAGT GACT CGGAGCCT GACAGCCCAGT CTTTGAGGATAGCCAGGT GAAA
(GCCCAACGGCT GCACAGT CAT GGCAT GCTGGACCGCT CCCGOCT AGCCCT GTGT GOGCT GGTCTTCCTGTGTCTGAC
CTGCAACCCCTTGGCAT CACT GTTTGGCT GBGGCAT COCCGGT CCCTCCAGT GCCT CTGGT GCACACCACAGCTCTG
GGCGTAGCAT GCT GGAGGOCGAGAGCAGAGAT GBCT CTAAT TGGACCCAGT GGT TGCTGCCACCCCTAGTCTGGCTG
GCCAATGGACTACTAGT GT TGGCCTGCCTGGCTCTTCTCTTTGT CTATGGGGAACCT GTGACCCGGCCACACACTAG
CCCAGCTGTACACT TCT GGAGACAT CGCAAACAGGCT GACCT GGACT TGGCT CGGGGAGAT TTTGOCCAGGCTGCTC
AGCAGCT GT GGCT GGOCCT GCAGGCAT TGGGACGGECCCCT GCCCACCT CGAACCT AGACT TGGOCT GCAGCCTGCT T
TGGAACCT CATCCGOCACCT GCT GCAGCGT CT CTGGGT TGECCGCT GGCT GRCAGGCCGEGCT GBGGECT TGOGGAG
AGACT GT GGACT GAGAAT GGAT GCACGT GCCAGT GCT CGAGAT GOGGCT CTCGT CTACCAT AAGCT GCACCAGCTGC
ATGCCATGGGCAAATACACAGGAGGGCACCT CATTGCT TCTAACCT GGCACT GAGT GCOCT GAACCT GGCCGAGT GC
GCAGGAGATGCT GTAT CCATGGCAACGCT GGCAGAGAT CTATGT GGCTGCT GOCCT GAGGGT CAAGACCAGT CTCCC
AAGAGCCTTGCACTTTTTGACACGT TTCT TCCT GAGT AGT GCCCGCCAGGCCT GOCT GGCACAGAGT GGCTCAGTGC
CTCTTGCCATGCAGT GGCTCTGOCACCCT GTAGGCCACCGT TTCT TCGT GGAT GGGGACT GGGCT GTGCATGGTGCC
CCACAGGAGAGCCT GT ACAGCGT GBCT GGGAACCCAGT GGAT CCCCT CBCCCAGGT GACT CGACTAT TCTGOGAACA
TCTCTTGGAGAGAGCACT GAACT GTAT TGCT CAACCCAGCCCGEGGACAGCT GATGGAGACAGGGAGT TCTCTGACG
CACTTGGATACCTGCAGT TGCTAAAT CGCT GCTCT GATGCT GTCGGGACT CCTGCCTGCAGCT TCTCTGTCAGCTCC
AGCATGGCT TCCACCACCGGCACAGACCCAGT GGOCAAGT GGT GBGECCT CACT GACGGCT GTGGT GATCCACT GGCT
GCGGOGGGAT GAAGAGGCAGCT GAGCGOCT ATACCCGCT GGTAGAGOGT AT GOCCCACGT GCTGCAGGAGACT GAGA
GACCCCT GOCCAAGGCAGCT CTGTACT CCTTCAAGGCT GCCOGGGCT CT GCT GGACCACAGAAAAGT GGAGT CTGGC
CCAGCCAGCCT GGOCAT CTGT GAGAAGGCCAGOGGGT ACT TGOGGGACAGCT TAGCCGCT CCACCAACT GGCAGCTC
CATTGACAAGGCCATGCAGCT GCTCCTGT GTGATCTACT TCTTGT GGOCCGCACT AGT AT GT GGCAGCGCCAGCAGT
CACCAGCCTCAGCCCAGGTAGCT CACAGT GCCAGCAAT GGAT CTCAGGCCT COGCT TTGGAGCT TCGAGGT TTCCAA
CAGGACCT GAGCAGCCT GAGGCGCT TGGCACAGAACT TCCGGOCT GCTAT GAGGAGAGT GT TCCTACACGAGGCCAC
AGCT CGGCT GAT GGCAGGGGCAAGT CCT GOCCGGACACACCAGCT CCT GGACCGAAGT CTGCGGAGGOGGEGCCGECT
CCAGT GGCAAAGGAGGCACT GTAGCT GAGCT GGAGCCT CGACCCACAT GGCGGGAGCACACAGAGGCCTTGCTGCTG
GCCTCCTGCTATCTGCCACCT GOCTTCCT GT CGECCOCT GGACAGCAAAT GAGCAT GT TGGCT GAGGCAGCACGCAC
TGTAGAGAAGCT TGGTGATCAT CGGCTACT GCT TGACT GOCAGCAGAT GCT TCT GCGOCT GRGCGGT GGGACCACTG
TCACTTCCAGCTAA (SEQ ID N0 32)
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The nucleic acid sequence, or MRNA sequence, for SREBF1 isoform ¢ (GenBank
Accession No. NM_001244003) is provided below.

CTCCTGCGAAGCCTGGCGGGCGCCGCCGCCATGGACGAGCTGCCTTTCGGTGAGGCGGCTGTGGAACAGGCGCTGGA
CGAGCTGGGCGAACTGGACGCCGCACTGCTGACCGACATCCAAGACATGCTTCAGCTCATCAACAACCAAGACAGTG
ACTTCCCTGGCCTGTTTGATTCCCCCTATGCAGGGGGCGGGGCAGGAGACACAGAGCCCACCAGCCCTGGTGCCAAC
TCTCCTGAGAGCTTGTCTTCTCCTGCTTCCCTGGGTTCCTCTCTGGAAGCCTTCCTGGGGGAACCCAAGGCAACACC
TGCATCCTTGTCCCCTGTGCCGTCTGCATCCACTGCTTTAAAGATGTACCCGTCTGTGCCCCCCTTCTCCCCTGGGC
CTGGAATCAAAGAAGAGCCAGTGCCACTCACCATCCTGCAGCCCCCAGCAGCACAGCCATCACCAGGGACCCTCCTG
CCTCCGAGTTTCCCTCCACCACCCCTGCAGCTCAGCCCGGCTCCTGTGCTGGGGTATTCTAGCCTTCCTTCAGGCTT
CTCAGGGACCCTTCCTGGAAATACCCAACAGCCACCATCTAGCCTGTCACTGGCCTCTGCACCAGGAGTCTCGCCCA
TCTCTTTACACACCCAGGTCCAGAGCTCAGCCTCCCAGCAGCCACTGCCAGCCTCAACAGCCCCTAGAACAACCACT
GTGACCTCACAGATCCAGCGGGTCCCAGTCGTACTGCAGCCACATTTCATCAAGGCAGATTCACTGCTACTGACAAC
TGTAAAAACAGATACAGGAGCCACGATGAAGACGGCTGGCATCAGTACCTTAGCCCCTGGCACAGCCGTGCAGGCAG
GCCCCTTGCAGACCCTGGTGAGTGGTGGGACCATCCTGGCCACAGTACCATTGGTTGTGGATACAGACAAACTGCCC
ATCCATCGACTGGCAGCTGGCAGCAAGGCCCTGGGCTCAGCTCAGAGCCGTGGTGAGAAGCGCACAGCCCACAATGC
CATTGAGAAGCGCTACCGTTCCTCTATCAATGACAAGATTGTGGAGCTCAAAGACCTGGTGGTGGGCACTGAGGCAA
AGCTGAATAAATCTGCCGTCTTGCGCAAGGCCATCGACTATATCCGCTTCTTACAGCACAGCAACCAGAAGCTCAAG
CAGGAGAACCTGGCCCTGCGAAATGCCGCTCACAAAAGCAAATCCCTGAAGGACCTGGTGTCGGCCTGTGGCAGTGC
AGGAGGCACAGATGTGGCTATGGAGGGTGTGAAGCCTGAGGTGGTGGATACGCTGACCCCTCCACCCTCAGACGCTG
GCTCGCCCTCCCAGAGTAGCCCCTTGTCCCTCGGCAGCAGAGGTAGCAGCAGTGGTGGCAGTGACTCGGAGCCTGAC
AGCCCAGTCTTTGAGGATAGCCAGGTGAAAGCCCAACGGCTGCACAGTCATGGCATGCTGGACCGCTCCCGCCTAGC
CCTGTGTGCGCTGGTCTTCCTGTGTCTGACCTGCAACCCCTTGGCATCACTGTTTGGCTGGGGCATCCCCGGTCCCT
CCAGTGCCTCTGGTGCACACCACAGCTCTGGGCGTAGCATGCTGGAGGCCGAGAGCAGAGATGGCTCTAATTGGACC
CAGTGGTTGCTGCCACCCCTAGTCTGGCTGGCCAATGGACTACTAGTGTTGGCCTGCCTGGCTCTTCTCTTTGTCTA
TGGGGAACCTGTGACCCGGCCACACAC TAGCCCAGCTGTACACTTCTGGAGACATCGCAAACAGGCTGACCTGGACT
TGGCTCGGGGAGATTTTGCCCAGGCTGCTCAGCAGCTGTGGCTGGCCCTGCAGGCATTGGGACGGCCCCTGCCCACC
TCGAACCTAGACTTGGCCTGCAGCCTGCTTTGGAACCTCATCCGCCACCTGCTGCAGCGTCTCTGGGTTGGCCGCTG
GCTGGCAGGCCGGGCTGGGGGCTTGCGGAGAGACTGTGGACTGAGAATGGATGCACGTGCCAGTGCTCGAGATGCGG
CTCTCGTCTACCATAAGCTGCACCAGCTGCATGCCATGGGCAAATACACAGGAGGGCACCTCATTGCTTCTAACCTG
GCACTGAGTGCCCTGAACCTGGCCGAGTGCGCAGGAGATGCTGTATCCATGGCAACGCTGGCAGAGATCTATGTGGC
TGCTGCCCTGAGGGTCAAGACCAGTCTCCCAAGAGCCTTGCACTTTTTGACACGTTTCTTCCTGAGTAGTGCCCGCC
AGGCCTGCCTGGCACAGAGTGGCTCAGTGCCTCTTGCCATGCAGTGGCTCTGCCACCCTGTAGGCCACCGTTTCTTC
GTGGATGGGGACTGGGCTGTGCATGGTGCCCCACAGGAGAGCCTGTACAGCGTGGCTGGGAACCCAGTGGATCCCCT
CGCCCAGGTGACTCGAC TATTCTGCGAACATCTCTTGGAGAGAGCACTGAACTGTATTGCTCAACCCAGCCCGGGGA
CAGCTGATGGAGACAGGGAGTTCTCTGACGCACTTGGATACCTGCAGTTGCTAAATCGCTGCTCTGATGCTGTCGGG
ACTCCTGCCTGCAGCTTCTCTGTCAGCTCCAGCATGGCTTCCACCACCGGCACAGACCCAGTGGCCAAGTGGTGGGC
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CTCACTGACGGCTGT GGT GATCCACT GGCT GCGGCGEGAT GAAGAGGCAGCT GAGCGCCTATACCCGCTGGTAGAGC
GTATGCCCCACGT GCTGCAGGAGACT GAGAGACCCCT GCCCAAGGCAGCTCTGTACT CCTTCAAGGCT GCCCEEECT
CTGCTGGACCACAGAAAAGT GGAGT CTGGCCCAGCCAGCCTGGCCATCTGT GAGAAGGCCAGCGGEGTACT TGCGGEA
CAGCTTAGCCGCT CCACCAACT GECAGCT CCATTGACAAGGCCATGCAGCTGCTCCTGTGTGATCTACTTCTTGI GG
CCCGCACTAGTAT GT GGCAGCGCCAGCAGT CACCAGCCT CAGCCCAGGTAGCTCACAGT GCCAGCAATGGATCTCAG
GCCTCCGCTTTGGAGCTTCGAGGT TTCCAACAGGACCT GAGCAGCCT GAGGCGCT TGECACAGAACT TCCEECCTGC
TATGAGGAGAGT GTTCCTACACGAGGCCACAGCT CEGCT GAT GGCAGGGGECAAGT CCTGCCCGGACACACCAGCTCC
TGGACCGAAGT CTGCGGAGGECGEECCHEECT CCAGT GECAAAGGAGGECACT GTAGCT GAGCT GGAGCCT CGACCCACA
TGGCCCEGAGCACACAGAGGCCTTGCTGCTGECCTCCTGCTATCTGCCACCT GCCTTCCT GT CGGCCCCTGGACAGCA
AATGAGCATGT TGGCT GAGGCAGCACGCACT GTAGAGAAGCT TGGTGATCATCGGCTACTGCTTGACT GCCAGCAGA
TGCTTCTGCGCCT GEGCGEGT GGGACCACT GTCACT TCCAGCTAAACCT TGGATGGT CTCCCCAGTAT TAGAGGECCCT
TAAGGACCTTTGI CACTGGCTGT GGT CGT CCAGAGAGGGET GAGCCT GACAAGCAAT CAGGATCATGCCGACCTCTAG
TGACAAATCTAGAAAT TGCAGAGGCT GCACTGGCCCAATGCCACCCTCTTGCTCTGTAGGCACCTTTTTCCTGI CCT
ATGGAAAGGAACCT TTCCCCTAGCT GAGGGCCACCCT GT CCTGAGGCTCTCACCCACTCCTGGAAGACT TGTATATA
GITGTAGATCCAGCTGAGCCAGI TTCCTGTGCAGGCTCATGTACTACTTTAACTTTTGCAAACTTTATTTTCATAGGT
TGAGAAAT TTT GTACAGAAAAT TAAAAAGTGAAATTATTTATA (SEQ 1D NO  33)

The amino acid sequence for SREBF1 isoform ¢ (GenBank Accession No.

NM _00 1244003) isprovided below.

VDEL PFGEAAVEQAL DEL GEL DAALLTDI QDM QLI NNQDSDFPGL FDSPYAGGGAGDTEPTSPGANSPESL SSPAS
L GSSLEAFL GEPKATPASL SPVPSASTALKMYPSVPPFSPGPG KEEPVPLTI LQPPAAQPSPGTLLPPSFPPPPLQ
L SPAPVL GYSSLPSGFSGTL PGNTQQPPSSL SLASAPGVSPI SLHTQVQSSASQQPLPASTAPRTTTVTSQ QRVPV
VLQPHFI KADSLLLTTVKTDTGATMKTAG  STLAPGTAVQAGPLQTLVSGGTI LATVPLWDTDKLPI HRLAAGSKA
L GSAQSRGEKRTAHNAI EKRYRSS | NDKI VEL KDLVWGTEAKLNKSAVL RKAI DYI RFL QHSNQKLKQENL AL RNAA
HKSKSL KDL VSACGSAGGT DVAVEGVKPEMDTL TPPPSDAGSPSQSSPL SL GSRGSSSGGSDSEPDSPVFEDSQVK
AQRLHSHGVL DRSRLAL CALVFL CL TCNPLASL FGAG PGPSSASGAHHSSGRSM. EAESRDGSNWI QWL PPLVWL
ANGLLVLACLALLFVYGEPVTRPHT SPAVHFWRHRKQADL DL ARGDFAQAAQQL WAL QAL GRPL PTSNLDLACSL L
VLI RHL L QRLWGRW. AGRAGGL RRDCGL RVDARASARDAAL VYHKL HQL HAMGKYTGGHL | ASNLAL SALNLAEC
AGDAVSMATLAEI YVAAAL RVKTSLPRAL HFL TRFFL SSARQACL AQSGSVPL AMQW. CHPVGHRFFVDGDWAVHGA
PQESL YSVAGN PVDPLAQVTRLFCEHLLERALNCI AQPSPGTADGDREFSDAL GYL QLLNRCSDAVGTPACSFSVSS
SVASTTGTDPVAKWAASL TAVWI HW. RRDEEAAERL YPLVERMPHVL QETERPL PKAAL YSFKAARAL L DHRKVESG
PASLAI CEKASGYLRDSLAAPPTGSS| DKAMQLLL CDLLLVART SMAQRQUSPASAQVAHSASNGSQASAL ELRGFQ
QDL SSLRRL AQNFRPAVRRVFL HEATARL MAGASPARTHQL L DRSL RRRAGSSGKGGTVAEL EPRPTWREHTEAL L L
ASCYL PPAFL SAPGQQVEM_ AEAARTVEKL GDHRL LL DCQQWVLLRLGGGTTVTSS (SEQ ID NO  34)

The nucleic acid sequence, or MRNA sequence, for truncated SREBF1 isoform ¢
(GenBank Accession No. NM_00 1244003), e.g., SREB41 1, is provided below.
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at ggacgagct gcct t t cggt gaggcggct gt ggaacaggcgcet ggacgagcet gggcgaact ggacgecgceact get
gaccgacat ccaagacat gct t cagct cat caacaaccaagacagt gactt ccct ggectgtttgattcccectatg
cagggggcggggcaggagacacagagcccaccagecct ggt gccaact ct cct gagagettgtcttctcctgettcce
ct gggttcctctct ggaagect t cct gggggaacccaaggcaacacct gecat cct t gt cccct gt geegt ct gcat ¢
cact gct t t aaagat gt acccgt ct gt gcccccct t ct ccecct gggect ggaat caaagaagagccagt geccact ca
ccat cct gcagcccccagcagcacagcecat caccagggaccct cct gect ccgagt tt ccct ccaccacccct gcag
ct cagcceggcet cct gt gct ggggt at t ct agect t cct t caggcet t ct cagggaccct t cct ggaaat acccaaca
gccaccat ct agcct gt cact ggect ct gcaccaggagt ct cgecccat ct ct t t acacacccaggt ccagagct cag
cct cccagcagcecact gccagcct caacagcccct agaacaaccact gt gacct cacagat ccagegggt cccagt ¢
gt act gcagccacat t t cat caaggcagat t cact gct act gacaact gt aaaaacagat acaggagccacgat gaa
gacggct ggcat cagt acctt agcccct ggcacagccgt gcaggcaggeccct t gcagaccct ggt gagt ggt ggga
ccat cct ggccacagt accat t ggt t gt ggat acagacaaact gcccat ccat cgact ggcagct ggcagcaaggcc
ct gggct caget cagagecgt ggt gagaagcgcacagcccacaat gecat t gagaagcgcet accgt t cct ct at caa
t gacaagat t gt ggagct caaagacct ggt ggt gggcact gaggcaaagct gaat aaat ct gccgt ct t gcgcaagg
ccat cgact at at ccgct t ct t acagcacagcaaccagaagct caagcaggagaacct ggccct gcgaaat gecgcet
cacaaaagcaaat ccct gaaggacct ggt gt cggect gt ggcagt gcaggaggcacagat gt ggct at ggagggt gt
g (SEQ ID NO 35)

The amino acid sequence for truncated SREBFI isoform ¢ (GenBank Accession No.

NM_00 1244003), e.g., SREB41 1, is provided below.

VDEL PFGEAAVEQAL DEL GEL DAAL L TDI QDML QLI NNQDSDFPGL FDSPYAGGGAGDTEPTSPGANSPESL SSPAS
L GSSL EAFL GEPKATPASL SPVPSASTAL KMYPSVPPFSPGPG KEEPVPLTI LQPPAAQPSPGTLLPPSFPPPPLQ
LSPAPVL GYSSL PSGFSGTL PGNTQQPPSSL SLASAPGVSPI SLHTQVQSSASQQPLPASTAPRTTTVTSQ QRVPV
VLQPHFI KADSLLLTTVKTDTGATMKTAG STLAPGTAVQAGPLQTLVSGGTI LATVPLWDTDKL Pl HRLAAGSKA
LGSAQSRGEKRTAHNAI EKRYRSS | NDKI VEL KDLVWGTEAKLNKSAVL RKAI DYl RFL QHSNQKL KQENL AL RNAA
HKSKSLKDLVSACGSAGGTDVAMVEGY  (SEQ 1D NO  36)

In one embodiment, the LMM comprises at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with the amino acid sequence of an
isoform of SREBFl ;e.g., SEQ ID NOs:. 28, 30, 34, or 36; or differsby 1, 2, or 3 or more amino
acid residues but no more than 50, 40, 30, 20, 15, or 10 amino acid residues from the amino acid
sequence of an isoform of SREBFI; e.g., SEQ ID NOs: 28, 30, 34, or 36.

In one embodiment, the LMM comprises at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with the amino acid sequence of
SREBF ; eg., SEQ ID NO: 34; or differsby 1, 2, or 3 or more amino acid residues but no more
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than 50, 40, 30, 20, 15, or 10 amino acid residues from the amino acid sequence of SREBFL1,
e.g.,, SEQ ID NO: 34.

In another embodiment, the LMM comprises a functional fragment of SREBF1 or an
isoform thereof, e.g., atruncated SREBF1. In one embodiment, the LMM comprises a
functional fragment of SREBF1, e.g., afunctional fragment of SEQ ID NOs: 1or 34, or a
functional fragment of an SREBF1 isoform, e.g., SEQ ID NOs: 28, 30, or 36. In one
embodiment, the LMM comprises afunctional domain of SREBF1, e.g., the transactivation
domain of SREBF1. In one embodiment, the LMM comprises the helix-loop-helix (HLH)
domain of SREBF1 . In one embodiment, the LMM comprises afunctional fragment of
SREBF1 that is capable of translocating into the nucleus and/or capable of initiating
transcription of SREBFI target genes.

In one embodiment, the LMM comprises the N-terminal 410 amino acids of SREBFI
(also referred to herein as SREBF410), e.g., amino acids 1-410 of SEQ ID NO: 1. The amino

acid sequence of the N-terminal 410 amino acids of SREBFI is provided below:
MDELAFGEAALEQTLAEMCELDTAVLNDIEDMLQL INNQDSDFPGLFDAPYAGGETGDTGPS SPGANS PESFSSASL
A SSLEAFLGGPKVTPAPLSPPPSAPAALKMYPSVS PFS PGPGIKEEPVPLTILQPAAPQPSPGTLLPP SFPAPPVQL
SPAPVLGY SSLPSGFSGTLPGNTQQPPSSLPLAPAPGVLPTPALHTQVQSLASQQPLPASAAPRTNTVTSQVQQVPV
VLQPHFIKADSLLLTAVKTDAGATVKTAGI STLAPGTAVQAGPLQTLVSGGTI LATVPLWDTDKLPIHRLAAGSKA
LGSAQSRGEKRTAHNAIEKRYRS SINDKIVELKDLWGTEAKLNKSAVLRKAI DYl RFLQHSNQKLKQENLTLRSAH
KSKSLKDLVSACGSGGGTDVSMEGM (SEQ |1 D NO:26)

In one embodiment, the LMM comprises at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with the amino acid sequence of the N-
terminal 410 amino acids of SREBFI; e.g., SEQ ID NO: 26; or differsby 1, 2, or 3 or more
amino acid residues but no more than 50, 40, 30, 20, 15, or 10 amino acid residues from the
amino acid sequence of the N-terminal 410 amino acids of SREBFI; e.g., SEQ ID NO: 26.

In another embodiment, the LMM comprises amino acids 91-410 of SREBFI, e.g., amino
acids 91-410 of SEQ ID NO: 1. The amino acid sequence ofthe amino acids at positions 91-

410 of SREBFI isprovided below:

MPAPLSPPPSAPAALKMY PSV SPFSPGPGIKEEPVPLT ILQPAAPQPS PGTLLPPSFPAPPVQLS PAPVLGYSSLPS
GFSGTLPGNTQQPPSSLPLAPAPGVLPTPALHTQVQSLASQQPLPASAAPRTNTVTSQVQQVPWLQPHFIKADSLL
LTAVKTDAGATVKTAGI STLAPGTAVQAGPLQTLVSGGTI LATVPLVVDTDKLPIHRLAAGSKALGSAQSRGEKRTA
HNAIEKRYRSS INDKIVELKDLVVGTEAKLNKSAVLRKAI  DYIRFLQHSNQKLKQENLTLRSAHKSKSLKDLVSACG
SGGGTDVSMEGM (SEQ 1D NO: 27)
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In one embodiment, the LMM comprises at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with the amino acid sequence at
positions 91-410 of SREBF1; e.g., SEQ ID NO: 27; or differsby 1, 2, or 3 or more amino acid
residues but no more than 50, 40, 30, 20, 15, or 10 amino acid residues from the amino acid
sequence at positions 91-410 of SREBF1; e.g., SEQ ID NO: 27. In one embodiment, the LMM
comprises at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, or 100% identity with the nucleic acid sequence encoding SREBF1 or afunctional
fragment thereof; e.g., encoding the amino acid sequence SEQ ID NO: 1or afunctiona fragment
thereof. 1n one embodiment, the LMM comprises at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with the nucleic acid of SEQ ID
NO: 2.

In another embodiment, the LMM comprises at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with SREBF2 or afunctional
fragment thereof; or differsby 1, 2, or 3 or more amino acid residues but no more than 50, 40,

30, 20, 15, or 10 amino acid residues from SREBF2 or a functional fragment thereof.

In one embodiment, the LMM comprises an enzyme. In one embodiment, the LMM
comprises an enzyme that converts saturated fatty acids to unsaturated fatty acids. In one
embodiment, the LMM comprises an enzyme that converts saturated fatty acids to
monounsaturated fatty acids, e.g., fatty acids with one double bond. In one embodiment, the
LMM comprises an enzyme that converts saturated fatty acids to polyunsaturated fatty acids,
e.g., fatty acids with more than one, e.g., 2, 3, 4, 5, or more, double bonds. In one embodiment,
the LMM comprises stearoyl CoA desaturase 1 (SCDI), stearoyl CoA desaturase 2 (SCD2),
stearoyl CoA desaturase 3 (SCD3), stearoyl CoA desaturase 4 (SCD4), stearoyl CoA desaturase
5 (SCD5), an isoform thereof, or afunctional fragment thereof.

SCDI isthe rate limiting enzyme responsible for the conversion of saturated fatty acids
(SFA) to monounsaturated fatty acids (MUFA). Increased focus has been placed upon SCDI in
recent years due to studies linking expression of this gene to increased cell survival,
proliferation and tumorigenesis properties (Angelucci, Maulucci et al. 2015) (Igal 201 1). SCDI
has also been shown toplay key roles in both cellular metabolic rate control and overall
lipogenesis. The latter is controlled through direct interactions with amajor biosynthetic
pathway regulator acetyl-CoA carboxylase (ACC) aswell as conversion of SFA to MUFA
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which, since SFA isknown to inhibit ACC, facilitates enzyme functionality to increase lipid
biosynthesis (Igal 2010). The main regulation of SCD1 isthrough transcriptional activation
whereby transcription factors, such as SREBF1, bind to the SRE sequence in the promoter
region of the gene. SCD1 is endogenously located in the ER as a membrane integral protein,
where SCD1 carries out its enzymatic function of catalyzing the conversion of SFA to MUFA.
Itsrole in conversion of SFA to MUFA (e.g., upregulation of the ratio of MUFA to SFA) can
regulate a decrease in lipid raft domains, which can in turn result in increased membrane
fluidity. This change in membrane fluidity and membrane lipid composition may also have
implications in vesicle formation and thus cellular communication and ER size or morphology
(e.g., ER expansion). Knockdown of the SCD1 gene has also been shown to upregulate the
unfolded protein response (Ariyama, Kono et al. 2010). Furthermore, SCD1 negatively
regulates cellular palmitic acid which, in turn, is astrong negative regulator of ACC. SCD1
also controls the phosphorylation status of AMP activated protein kinase (AMPK),
consequentially reducing its ability to phosphorylate and therefore inhibit ACC; arate-limiting
enzyme in the lipid synthesizing process. Lastly, desaturation of SFA prevents its accumulation
which can cause cell death. Assuch, modulation of SCD1 results in increased lipid
biosynthesis, cell survival and proliferation rates. (Hagen, Rodriguez-Cuenca et al. ), (Scaglia,
Chisholm et al. 2009).

In one embodiment, the LMM comprises SCD1. The amino acid sequence of SCD1 is

provided below:

MPAHMLQEI SSSYTTTTTI TAPPSGNEREKVKTVPLHLEEDI RPEMKEDI HDPTYQDEEGPPPKL EYVWRN

| | LWLLHLGGLYG | LVPSCKLYTCLFG FYYMISALG TAGAHRLWSHRTYKARLPLRI FLI | ANTMAF
QNDVYEWARDHRAHHKF SETHADPHNSRRGFFF SHVGL L VRKHPAVKEKGGKL DVBDL KAEKL VVFQRRY
YKPGLLLMCFI LPTLVPW CWGETFVNSL FVSTFLRYTLVLNATW.VNSAAHL YGYRPYDKNI QSRENI LV

SL GAVGEGFHNYHHTFPFDYSASEYRWHI NFTTFFI DCVAAL GLAYDRKKVSKATVLARI KRTGDGSHKSS
(SEQ ID NO.  3)

The nucleotide sequence of SCD1 isprovided below:
at gccggcccacat gct ccaagagat ct ccagttcttacacgaccaccaccaccat cact gcacctccctcc
ggaaat gaacgagagaaggt gaagacggt gcccct ccacct ggaagaagacat ccgt cct gaaat gaaagaa
gat at t cacgaccccacct at caggat gaggagggacccccgcccaagct ggagt acgt ct ggaggaacat c
attctcatggtcctgctgcactt gggaggcect gt acgggat cat act ggttccct cct gcaagcet ct acacc
tgcctcttcgggattttctactacat gaccagcgct ct gggcat cacagccggggct cat cgect ct ggagce
cacagaact t acaaggcacggct gcccct gcggat cttccttat catt gccaacaccat ggcgtt ccagaat
gacgt gt acgaat gggcccgagat caccgcgcccaccacaagt t ct cagaaacacacgccgaccct cacaat
tccecgeegtggettcettcettctct cacgt gggttgget gett gt gcgcaaacacccggcet gt caaagagaag
ggcggaaaact ggacat gt ct gacct gaaagccgagaagct ggt gat gt t ccagaggaggt act acaagccc
ggcctcct gect gat gt gctt cat cct gecccacgcet ggt gececct ggt act gect ggggcgagactttt gt aaac
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agcctgttcgttagcaccttcttgcgat acact ct ggt gct caacgccacct ggct ggt gaacagt gccgeg
cat ct ct at ggat at cgcccct acgacaagaacat t caat cccgggagaat at cct ggt tt ccct gggt gec
gt gggcgagggct t ccacaact accaccacacctt cccct t cgact act ct gccagt gagt accgcet ggeac
at caact t caccacgtt ctt cat cgact gcat ggct gccct gggect ggct t acgaccggaagaaagttt ct
aaggct act gt ct t agccaggat t aagagaact ggagacgg gagt cacaagagt agct ga

(SEQ ID NO  4)

In one embodiment, the LMM comprises at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with the amino acid sequence of
SCD1; eg., SEQ ID NO: 3; or differs by 1, 2, or 3 or more amino acid residues but no more
than 50, 40, 30, 20, 15, or 10 amino acid residues from the amino acid sequence of SCD1, eg.,
SEQ ID NO: 3. In one embodiment, the LMM comprises afunctional fragment of SCD1, e.g.,
afunctional fragment of SEQ ID NO: 3.

In one embodiment, the LMM comprises at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with the nucleic acid sequence
encoding SCD1 or afunctional fragment thereof; e.g., encoding the amino acid sequence SEQ
ID NO: 3 or afunctional fragment thereof. In one embodiment, the LMM comprises at least
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identity with the nucleic acid of SEQ ID NO: 4.

In another embodiment, the LMM comprises a least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity with the amino acid sequence of
SCD2, SCD3, SCD4, SCD5, or afunctional fragment thereof; or differsby 1, 2, or 3 or more
amino acid residues but no more than 50, 40, 30, 20, 15, or 10 amino acid residues from the
amino acid sequence of SCD2, SCD3, SCD4, SCD5, or afunctional fragment thereof. In
another embodiment, the LMM comprises at least

In another embodiment, the LMM comprises a functional fragment of SCD1, SCD2,
SCD3, SCD4, or SCD5, e.g., atruncated SCD1, SCD2, SCD3, SCD4, or SCD5. In one
embodiment, the LMM comprises afunctional fragment of SCD1, SCD2, SCD3, SCD4, or
SCD5, e.g., afunctional fragment of SEQ ID NO: 3. In one embodiment, the LMM comprises a
functional domain of SCD1, SCD2, SCD3, SCD4, or SCD5, e.g., adomain having enzymatic
activity for converting saturated fatty acids to monounsaturated fatty acids.

Percent identity in the context of two or more amino acid or nucleic acid sequences,

refers to two or more sequences that are the same. Two sequences are "substantially identical” if

two sequences have a specified percentage of amino acid residues or nucleotides that are the
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same (e.g., 60% identity, optionally 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity over a specified region, or, when not specified, over the entire
sequence, when compared and aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the following sequence comparison
algorithms or by manual alignment and visual inspection. In some embodiments, alignment may
result in gaps or inserted sequences, in which sequence similarity can be determined for specified
regions flanking the gaps or inserted sequences, or sequence similarity can be determined across
aregion that includes the gaps or inserted sequences. Optionally, the identity exists over a
region that is at least about 50 amino acids or nucleotides, 100 amino acids or nucleotides, 150
amino acids or nucleotides, in length. More preferably, the identity exists over aregion that is
about 200 or more amino acids or nucleotides, or about 500 or 1000 or more amino acids or
nucleotides, in length.

For sequence comparison, one sequence typically acts as areference sequence, to which
one or more test sequences are compared. When using a sequence comparison algorithm, test
and reference sequences are entered into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or aternative parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for the test sequences relative to the
reference sequence, based on the program parameters. Methods of alignment of sequences for
comparison are well known in the art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith and Waterman, (1970) Adv. Appl.
Math. 2:482c, by the homology alignment algorithm of Needleman and Wunsch, (1970) J. Mol.
Biol. 48:443, by the search for similarity method of Pearson and Lipman, (1988) Proc. Nat'l.
Acad. Sci. USA 85:2444, by computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA inthe Wisconsin Genetics Software Package, Genetics
Computer Group, 575 Science Dr., Madison, WI), or by manua alignment and visual inspection
(see, e.g., Brent et al., (2003) Current Protocols in Molecular Biology). Multiple sequence
alignments can be performed by algorithms such as ClustalW, Clustal Omega, and MAFFT.
Other algorithms for comparing relationships between two or more sequences include the Hidden
Markov models. A hidden Markov Model is amodel that describes the probability of ahaving a
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particular nucleotide (or amino acid) type following another (the probability path being hidden).
It isrealy aprobabilistic model not an algorithm. Example of an algorithm (or program
implementing the algorithm) might be HMMER (http://hmmer.org/).

Two examples of algorithms that are suitable for determining percent sequence identity
and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al, (1977) Nuc. Acids Res. 25:3389-3402; and Altschul et a, (1990) J. Mal. Biol.
215:403-410, respectively. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information (NCBI).

PRODUCTS

Provided herein are methods and compositions for engineering or making a cell or a cell-
free expression system capable of producing high yields of aproduct and/or improved product
quality. Products described herein include polypeptides, e.g., recombinant proteins; nucleic acid
molecules, e.g., DNA or RNA molecules; multimeric proteins or complexes; lipid-encapsul ated
particles, e.g., virus-like particles, vesicles, or exosomes; or other molecules, e.g., lipids. In an
embodiment, the product is apolypeptide, e.g., arecombinant polypeptide. In an embodiment,
the product is an exosome. For example, the recombinant polypeptide can be a difficult to
express protein or aprotein having complex and/or non-natural structures, such as a next
generation biologic, e.g., abispecific antibody molecule, afusion protein, or a glycosylated
protein.

In embodiments, the cell or cell line generated by the methods or compositions described
herein produces aproduct, e.g., arecombinant polypeptide, useful in the treatment of amedical
condition, disorder or disease. Examples of medical conditions, disorders or diseases include,
but are not limited to, metabolic disease or disorders (e.g., metabolic enzyme deficiencies),
endocrine disorders (e.g., hormone deficiencies), dysregulation of hemostasis, thrombosis,
hematopoietic disorders, pulmonary disorders, gastro-intestinal disorders, autoimmune diseases,
immuno-dysregulation (e.g., immunodeficiency), infertility, transplantation, cancer, and
infectious diseases.

In embodiments, the product is an exogenous protein, e.g., aprotein that is not naturally
expressed by the cell. In one embodiment, the protein is from one species while the cell is from
adifferent species. In another embodiment, the protein is anon-naturally occurring protein.
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In other embodiments, the product is aprotein that is endogenously expressed by the cell.
In one embodiment, the product is aprotein that is endogenously expressed by the cell at
endogenous or natural levels. The present methods and compositions described herein are used
to increase the production and quality of the endogenous product, e.g., anaturally occurring
product that is naturally produced by the cell. In another embodiment, an exogenous nucleic acid
encoding the product, e.g., protein, isintroduced to and expressed by the cell. In another
embodiment, an exogenous nucleic acid that increases the expression of aproduct that is
endogenously expressed by the cell is introduced into the cell. By way of example, the
exogenous nucleic acid comprises a sequence that activates the promoter (e.g., SRF promoter
sequence, see e.g., The transcription factor Ap-1 regulates monkey 20a-hydroxysteroid
dehydrogenase promoter activity in CHO cells. Nanjidsuren T, Min KS. BMC Biotechnol. 2014
Jul 30; 14:71. doi: 10.1 186/1472-6750-14-71.PMID: 25073972 ) that controls the expression of
an endogenous product of the cell.

The recombinant product can be atherapeutic product or adiagnostic product, e.g., useful
for drug screening. The therapeutic or diagnostic product can include, but is not limited to, an
antibody molecule, e.g., an antibody or an antibody fragment, afusion protein, ahormone, a
cytokine, a growth factor, an enzyme, aglycoprotein, alipoprotein, areporter protein, a
therapeutic peptide, or a structural and/or functional fragment or hybrid of any of these. In other
embodiments, the therapeutic or diagnostic product is a synthetic polypeptide, e.g., wherein the
entire polypeptide or portions thereof isnot derived from or has any sequence or structural
similarity to any naturally occurring polypeptide, e.g., anaturally occurring polypeptide
described above.

In one embodiment, the recombinant product is an antibody molecule. In one
embodiment, the recombinant product is atherapeutic antibody molecule. In another
embodiment, the recombinant product is a diagnostic antibody molecule, e.g., a monoclonal
antibody useful for imaging techniques or diagnostic tests.

An antibody molecule, asused herein, isaprotein, or polypeptide sequence derived from
an immunoglobulin molecule which specifically binds with an antigen. In an embodiment, the
antibody molecule is afull-length antibody or an antibody fragment. Antibodies and multiformat
proteins can be polyclonal or monoclonal, multiple or single chain, or intact immunoglobulins,

and may be derived from natural sources or from recombinant sources. Antibodies can be
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tetramers of immunoglobulin molecules. In an embodiment, the antibody is a monoclonal
antibody. The antibody may be ahuman or humanized antibody. In one embodiment, the
antibody isan IgA, 1gG, IgD, or IgE antibody. In one embodiment, the antibody is an 1gGl,
19gG2, 1gG3, or 1gG4 antibody.

"Antibody fragment” refers to at least one portion of an intact antibody, or recombinant
variants thereof, and refers to the antigen binding domain, e.g., an antigenic determining variable
region of an intact antibody, that is sufficient to confer recognition and specific binding of the
antibody fragment to atarget, such as an antigen. Examples of antibody fragments include, but
are not limited to, Fab, Fab', F(ab") o and Fv fragments, scFv antibody fragments, linear
antibodies, single domain antibodies such as sdAb (either VL or VH), camelid VHH domains,
and multi-specific antibodies formed from antibody fragments such as abivalent fragment
comprising two Fab fragments linked by adisulfide bridge at the hinge region, and an isolated
CDR or other epitope binding fragments of an antibody. An antigen binding fragment can also be
incorporated into single domain antibodies, maxibodies, minibodies, nanobodies, intrabodies,
diabodies, triabodies, tetrabodies, v-NAR andbis-scFv (see, e.g., Hollinger and Hudson, Nature
Biotechnology 23:1 126-1 136, 2005). Antigen binding fragments can also be grafted into
scaffolds based on polypeptides such as a flbronectin type I11 (Fn3)(see U.S. Patent No.:
6,703,199, which describes flbronectin polypeptide minibodies).

Exemplary recombinant products that can be produced using the methods described
herein include, but are not limited to, those provided in the tables below.

Table2. Exemplary Recombinant Products

Therapeutic Therapeutic Trade Name
Protein type
Hormone Erythropoietin, Epoein-o Epogen, Procrit
Darbepoetin—a. Aranesp
Insulin Humulin, Novolin
Growth hormone (GH), Genotropin , Humatrope, Norditropin, NovIVitropin,
somatotropin Nutropin, Omnitrope, Protropin, Siazen, Serostim,
Valtropin

Human follicle-stimulating Gonal-F, Follistim
hormone (FSH)
Human chorionic gonadotropin Ovidrel
Lutropin-o. Luveris
Glucagon GlcaGen
Growth hormone releasing Geref
hormone (GHRH) ChiRhoStim (human peptide), SecreFlo (porcine
Secretin peptide)
Thyroid stimulating hormone Thyrogen
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(TSH), thyrotropin

Blood Factor Vila Novo Seven
Clotting/Coagulation | Factor VIII Bioclate, Helixate, Kogenate, Recombinate, ReFacto
Factors
Factor rx Benefix
Antithrombin 111 (AT-111) Thrombate 111
Protein C concentrate Ceprotin
Cytokine/ Growth Type | apha-interferon Infergen
factor Interferon-an3 (IFNan3) Aileron N
Interferon-pi a (rIFN- B) Avonex, Rebif
Interferon-p ib (rIFN- ) Betaseron
Interferon-ylb (IFN y) Actimmune
ALdesLeukin (interleukin 2(1L2), Proleukin
epiderma theymocyte activating )
factor; ETAF Kepivance
Palifermin (keratinocyte growth
factor; KGF) RegranexAnril, Kineret

Becaplemin (platelet-derived
growth factor; PDGF)
Anakinra (recombinant IL1
antagonist)

Antibody molecules | Bevacizumab (VEGFA mAb)
Cetuximab (EGFR mAD)
Panitumumab (EGFR mAb)
Alemtuzumab (CD52 mAb)
Rituximab (CD20 chimeric Ab)
Trastuzumab (HER2/Neu mAb)
Abatacept (CTLA Ab/Fc fusion)
Adalimumab (TNFa mAb)
Infliximab (TNFa chimeric mAb)
Alefacept (CD2 fusion protein)
Efalizumab (CD11amAb)
Natalizumab (integrin a4 subunit
mAb)

Eculizumab (C5mAb)
Muromonab-CD3

Avastin
Erbitux
Vectibix
Campath
Rituxan
Herceptin
Orencia
Humira

Remicade
Amevive

Raptiva

Tysabri

Soliris

Orthoclone, OKT3

Other: Hepatitis B surface antigen
Fusion (HBsAQ)
proteing/Protein HPV vaccine
vaccines/Peptides OspA
Anti-Rhesus(Rh) immunoglobulin
G
Enfuvirtide

Spider silk, e.g., fibrion
Etanercept (TNF receptor/Fc
fusion)

Cergutuzumab Amunaleukin

Engerix, Recombivax HB

Gardasil
LYMErix
Rhophylac
Fuzeon
QMONOS

Enbrel

Table3. Additional Exemplary Recombinant Products. Bispecific Formats
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Name (other names,
sponsoring

BsAb format

Targets

Proposed mechanisms

Development

Diseases (or

organizations) of action stages healthy volunteers)
Catumaxomab Retargeting of T cells to . |Malignant ascites in
(Removab®, Fresenius  BsIgG: CD3, umor. Fe mediated Approved in EnCAM positive
Biotech, Trion Pharma, [Triomab EpCAM i . EU P p
effector functions tumors

[Neopharm)
Ertumaxomab (Neovii . . .
Biotech, Fresenius BgIgG. CD3, HER2 Retargeting of T cells to Phase V1T Advanced solid

. Triomab tumor tumors
Biotech)

Approved in
Blinatumomab USA irlejiursor B-cell
(Blincyto®, AMG 103, . Retargeting of T cells to |Phase II and
MT 103, MEDI 538,  |[DIIE CD3,CDI9  or I ALL
DLBCL
Amgen) Phase 11 NHL
Phase 1

REGN1979 (Regeneron) |BsAb CD3,CD20
Solitomab (AMG 110, . CD3, Retargeting of T cells to .
MT110, Amgen) BiTE EpCAM | mor Phase 1 Solid tumors
MEDI 565 (AMG 211, BiTE CD3, CEA Retargeting of T cells to Phase I Gastromtegtmal
MedImmune, Amgen) tumor adenocancinoma
RO6958688 (Roche) BsAb CD3, CEA
BAY2010112 (AMG BiTE CD3, PSMA Retargeting of T cells to Phase I Prostate cancer
212, Bayer; Amgen) tumor
MGDO06 (Macrogenics) [DART CD3, CD123 Ef;frgetmg Of Tcells 10|y e 1 AML
MGDO007 (Macrogenics) [DART CD3, gpA33 iﬁl:rtlaorrgetmg of T cells to Phase [ Colorectal cancer
MGDO11 (Macrogenics) [DART CD19, CD3
SCORPIQN (Emer.gent BsAb CD3, CDI9 Retargeting of T cells to
Biosolutions, Trubion) tumor
AFM11 (Afﬁmed TandAb CD3, CDI9 Retargeting of T cells to Phase I NHL and ALL
Therapeutics) tumor
AFM12 (Afﬁmed TandAb CD19, CD16 Retargeting of NK cells
Therapeutics) to tumor cells
AFM13 (Affimed CD30, Retargeting of NK cells Hodgkin's
Therapeutics) TandAb CDI6A to tumor cells Phase I1 Lymphoma
GD2 (Barbara Ann T cells .
Karmanos Cancer preloaded CD3, GD2 ielbrtlaorrgetmg of T cells to Phase I/11 I(ligg;gﬁiﬁ?::a and
Institute) with BsAb
pGD2 (Barbara Ann T cells CD3, Her2 Retargeting of T cells to Phase 1T Metastatic breast
Karmanos Cancer preloaded tumor cancer
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Name (other‘names, Proposed mechanisms | Development Diseases (or
sponsoring BsAb format| Targets .
o of action stages healthy volunteers)
organizations)
Institute) with BsAb
ECEEIEB;_?;? ated T | cells Autologous activated T Lune and other
LOI0gou va preloaded CD3, EGFR |cells to EGFR-positive |Phase 1 ung
cells (Roger Williams : solid tumors
. with BsAb tumor
Medical Center)
aAcrtlE/-anglF"ll}- _ca:;llﬁed T cells Autologous activated T Colon and
preloaded CD3, EGFR |cells to EGFR-positive |Phase 1 .
(Barbara Ann Karmanos | . pancreatic cancers
. with BsAb tumor
Cancer Institute)
rM28 (University CD28, Retargeting of T cells to Metastatic
Hospital Tiibingen) Tandem sckv MAPG tumor Phase I1 melanoma
IMCgp100 mmTAC CD3, peptide |Retargeting of T cells to Phase LI Metastatic
(Immunocore) MHC tumor melanoma
2 scFv linked . . .
DT2219ARL (N Cl, 10 diphtheria [CD19, CD22 Targetmg of protein Phase I B cell leukemia
University of Minnesota)  oxin toxin to tumor or lymphoma
XmAb5871 (Xencor) BsAb gg;g{)
INI-1701 (NovImmune) |[BsAb CD47,CD19
MM-111 (Merrimack) ~ [BsAb gﬁ;gg’
MM-141 (Merrimack)  [BsAb gr};'ggR’
NA (Merus) [BsAb [HER2, HER3 | |
INA (Merus) BsAb gll?]gbl oA
NA (Merus) [BsAb [EGFR, HER3| |
PDI,
NA (Merus) BsAb undisclosed
CD3,
NA (Merus) BsAb undisclosed
Duligotuzumab Head and neck
(MEHD7945A, DAF EGFR, HER3 igg%de of2 receptors, gﬁzzz %I"md I | ancer
Genentech, Roche) Colorectal cancer
LY3164530 (Eli Lily)  [Not disclosed [EGFR, MET [Blockade of 2 receptors [Phase I fgtva"‘srtl;z‘ci ‘c’:mcer
i QGastric and
MM-111 (Memmack HSA body |HER2, HER3 [Blockade of 2 receptors Phase I1 esophageal cancers
Pharmaceuticals) Phase 1 Breast cancer
MM-141, (Merrimack IGF-1R, Advanced solid
Pharmaceuticals) IgG-scFv HER3 Blockade of 2 receptors |Phase 1 | mors
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Name (other names, Proposed mechanisms | Development Diseases (or
sponsoring BsAb format| Targets P . p
o of action stages healthy volunteers)
organizations)
RG7221 (RO5520985, CrossMab Ang2, VEGF Blockqde of 2 Phase I Solid tumors
Roche) A proangiogenics
RG7716 (Roche) CrossMab  [\ng? VEGE Blockade of 2 Phase I Wet AMD
A proangiogenics
OMP-305B83
(OncoMed) BsAb DLL4/VEGF
TF2 (Immunomedics) Dock and CEA, ISG Pretargetmg tumor for Phase 1T Colorectal, breast
lock PET or radioimaging and lung cancers
Blockade of 2
ABT-981 (AbbVie) DVD-Ig IL-1a, IL-1P |proinflammatory Phase 11 Osteoarthritis
cytokines
Blockade of 2 Rheumatoid
ABT-122 (AbbVie) DVD-Ig TNF, IL-17A |proinflammatory Phase 11 u
. arthritis
cytokines
Blockade of 2
COVA322 IgG-fynomer [TNF, IL17A |proinflammatory Phase I/11 Plaque psoriasis
cytokines
Tetravalent Blockade of 2 . .
. . . Idiopathic
SAR156597 (Sanofi) bispecific IL-13, IL-4  |proinflammatory Phase 1 Imonary fibrosis
tandem IgG cytokines pu Y
GSK2434735 Dual- Blockade of 2 (Healthy
targeting IL-13, IL-4  |proinflammatory Phase 1
(GSK) . : volunteers)
domain cytokines
Blockade of
Ozoralizumab (ATN103, proinflammatory Rheumatoid
Ablynx) Nanobody TN, HSA |0, 1ine, binds to HSA [ 185 11 arthritis
to increase half-life
Blockade of 2
ALX-0761 (Merck IL-17A/F,  |proinflammatory (Healthy
Serono, Ablynx) Nanobody HSA cytokines, binds to HSA Phase [ volunteers)
to increase half-life
Blockade of
ALX-0061 (AbbVie, proinflammatory Rheumatoid
Ablynx; Nanobody  [IL-6R, HSA |, /0 ine. binds to HSA [Prase VI o ritis
to increase half-life
Blockade of bone
ALX-0141 (Ablynx, RANKL, resorption, binds to Postmenopausal
Eddingpharm) Nanobody HSA HSA to increase half- Phase I bone loss
life
RG6013/ACE910 Factor [Xa, . -
(Chugai, Roche) ART-Ig factor X Plasma coagulation Phase 11 Hemophilia

In one embodiment, the product differs from apolypeptide from Table 2 or 3 a no more
than 1,2, 3,4, 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 amino acid residues. In another
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embodiment, the product differs from apolypeptide from Table 2 or 3 a no more than 1%, 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, or 15% of its amino acid residues.

In one embodiment, the product is anucleic acid molecule, e.g., aDNA or RNA
molecule, or hybrid thereof. In one embodiment, the product is an origami nucleic acid
molecule, e.g., an origami DNA, in which the nucleic acid molecule has a predetermined
secondary, tertiary, or quaternary structure. In one embodiment, the origami nucleic acid
molecule has functional activity. In one embodiment, the product comprises an origami nucleic
acid molecule encapsulated in alipid membrane. In one embodiment, the lipid membrane
comprises the cell membrane or components of the cell membrane of the host cell from which it
was produced. In one embodiment, the lipid-encapsulated DNA is as described in "Cloaked
DNA nanodevices survive pilot mission”, April 22, 2014, Wyss Institute for Biologically
Inspired Engineering a Harvard University website.

Other recombinant products include non-antibody scaffolds or alternative protein
scaffolds, such as, but not limited to: DARPIns, affibodies and adnectins.

Other exemplary therapeutic or diagnostic proteins include, but are not limited to any
protein described in Tables 1-10 of Leader et a., "Protein therapeutics: a summary and
pharmacological classification”, Nature Reviews Drug Discovery, 2008, 7:21-39 and as
described in Walsh, "Biopharmaceutical benchmarks 2014", Nature Biotechnology, 2014,
32:992-1000 (each incorporated herein by reference); or any conjugate, variant, analog, or

functional fragment of the recombinant polypeptides described herein.

NUCLEIC ACIDS

Also provided herein are nucleic acids, e.g., exogenous nucleic acids, that encode the
lipid metabolism modulators and the recombinant products described herein. The nucleic acid
sequences coding for the desired LMM or recombinant product, e.g., recombinant polypeptides,
can be obtained using recombinant methods known in the art, such as, for example by screening
libraries from cells expressing the desired nucleic acid sequence, e.g., gene, by deriving the
nucleic acid sequence from avector known to include the same, or by isolating directly from
cells and tissues containing the same, using standard techniques. Alternatively, the nucleic acid
encoding the LMM or recombinant polypeptide can beproduced synthetically, rather than
cloned. Recombinant DNA techniques and technology are highly advanced and well established
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inthe art. Accordingly, the ordinarily skilled artisan having the knowledge of the amino acid
sequence of arecombinant polypeptide described herein can readily envision or generate the
nucleic acid sequence that would encode the LMM or the recombinant polypeptide.

Exemplary nucleic acid sequences encoding the LMM SREBF1 and SCD1 are provided
as SEQ ID NO: 3 and SEQ ID NO: 4, respectively, herein.

The expression of adesired polypeptide, e.g., aLMM or arecombinant polypeptide, is
typically achieved by operably linking anucleic acid encoding the desired polypeptide or
portions thereof to apromoter, and incorporating the construct into an expression vector. The
vectors can be suitable for replication and integration into eukaryotic or prokaryotic cells.
Typical cloning vectors contain other regulatory elements, such astranscription and transation
terminators, initiation sequences, promoters, selection markers, or tags useful for regulation or
identification of the expression of the desired nucleic acid sequence.

The nucleic acid sequence encoding the LMM or recombinant polypeptide can be cloned
into a number of types of vectors. For example, the nucleic acid can be cloned into avector
including, but not limited to aplasmid, aphagemid, aphage derivative, an animal virus, and a
cosmid. Vectors of particular interest include expression vectors, replication vectors, probe
generation vectors, and sequencing vectors. In embodiments, the expression vector may be
provided to acell in the form of aviral vector. Viral vector technology iswell known in the art
and is described, for example, in Sambrook et al, 2012, MOLECULAR CLONING: A
LABORATORY MANUAL, volumes 1-4, Cold Spring Harbor Press, NY), and in other
virology and molecular biology manuals. Viruses, which are useful asvectors include, but are
not limited to, retroviruses, adenoviruses, adeno- associated viruses, herpes viruses, and
lentiviruses. In general, a suitable vector contains an origin of replication functional in at least
one organism, apromoter sequence, convenient restriction endonuclease sites, and one or more
selectable markers, (e.g., WO 01/96584; WO 01/29058; and U.S. Pat. No. 6,326,193). Vectors
derived from viruses are suitable tools to achieve long-term gene transfer since they alow long-
term, stable integration of atransgene and its propagation in daughter cells.

A vector may aso include, in any of the embodiments described herein, one or more of
the following: a signal sequence to facilitate secretion, apolyadenylation signal, atranscription
terminator (e.g., from Bovine Growth Hormone (BGH) gene), an element allowing episomal

replication and replication in prokaryotes (e.g. SV40 origin and ColEl or others known in the
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art), and/or elements to allow selection, e.g., a selection marker or areporter gene.

In one embodiment, the vector comprising anucleic acid sequence encoding a
polypeptide, e.g., aLMM or arecombinant polypeptide, further comprises apromoter sequence
responsible for the recruitment of polymerase to enable transcription initiation for expression of
the polypeptide, e.g., the LMM or recombinant polypeptide. In one embodiment, promoter
sequences suitable for the methods described herein are usually associated with enhancers to
drive high amounts of transcription and hence deliver large copies of the target exogenous
MRNA. In an embodiment, the promoter comprises cytomegalovirus (CMV) major immediate
early promoters (Xia, Bringmann et al. 2006) and the SV40 promoter (Chernagjovsky, Mory et al.
1984), both derived from their namesake viruses or promoters derived therefrom. Severa other
less common viral promoters have been successfully employed to drive transcription upon
inclusion in an expression vector in mammalian cells including Rous Sarcoma virus long
termina repeat (RSV-LTR) and Moloney murine leukemia virus (MoMLV) LTR (Papadakis,
Nicklin et al. 2004). In another embodiment, specific endogenous mammalian promoters can be
utilized to drive constitutive transcription of a gene of interest (Pontiller, Gross et al. 2008). The
CHO specific Chinese Hamster elongation factor 1-alpha (CHEF 1a) promoter has provided a
high yielding alternative to viral based sequences (Deer, Allison 2004).

Other promoters suitable for expression in non-mammalian cells, e.g., fungi, insect, and
plant cells, are aso known inthe art. Examples of suitable promoters for directing transcription
in afungal or yeast host cell include, but are not limited to, promoters obtained from the fungal
genes of Trichoderma Reesei, methanol-inducible alcohol oxidase (AOX promoter), Aspergillus
nidulans tryptophan biosynthesis (trpC promoter), Aspergillus niger var. awamori fiucoamylase
(glaA), Saccharomyces cerevisiae galactokinase (GAL1), Kluyveromyces lactis Plac4-PBI
promoter, or those described in PCT Publication WO 2005/100573. Examples of suitable
promoters for directing transcription in an insect cell include, but are not limited to, T7 lac
promoter and polyhedrin promoter. An example of a suitable promoter for directing
transcription in aplant cell includes, but isnot limited to, the cauliflower mosaic virus promoter
CaMV35S. Examples of suitable promoters for directing transcription of the nucleic acid
constructs of the present invention in aprokaryotic host cell, e.g., abacteria cell, are the
promoters obtained from the E. coli lac operon, E. coli tac promoter (hybrid promoter, DeBoer
et al, PNAS, 1983, 80:21-25), E. coli rec A ,E. coli araBAD, E. coli tetA, and prokaryotic beta-
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lactamase. Other examples of suitable promoters include viral promoters, such as promoters
from bacteriophages, including aT7 promoter, aT5 promoter, a T3 promoter, an M | 3 promoter,
and a SP6 promoter.

In addition to promoters, the vectors described herein may further comprise an enhancer
region as described above; a specific nucleotide motif region, proximal to the core promoter,
which can recruit transcription factors to upregulate the rate of transcription (Riethoven 2010).
Similar to promoter sequences, these regions are often derived from viruses and are
encompassed within the promoter sequence such ashCMV and SV40 enhancer sequences, or
may be additionally included such as adenovirus derived sequences (Gaillet, Gilbert et al. 2007).

In one embodiment, the vector comprising anucleic acid sequence encoding a
polypeptide, e.g., aLMM or arecombinant product, described herein further comprises anucleic
acid sequence that encodes a selection marker. In one embodiment, the selectable marker
comprises glutamine synthetase (GS); dihydrofolate reductase (DHFR) e.g., an enzyme which
confers resistance to methotrexate (MTX); or an antibiotic marker, e.g., an enzyme that confers
resistance to an antibiotic such as: hygromycin, neomycin (G418), zeocin, puromycin, or
blasticidin.

In one embodiment, the vector comprising anucleic acid sequence encoding a
recombinant product described herein comprises a selection marker that isuseful in identifying a
cell or cells containing the nucleic acid encoding arecombinant product described herein. In
another embodiment, the selection marker is useful in identifying or selecting a cell or cells that
containing the integration of the nucleic acid sequence encoding the recombinant product into
the genome, as described herein. The identification of acell or cells that have integrated the
nucleic acid sequence encoding the recombinant protein can be useful for the selection and
engineering of acell or cell line that stably expresses the product.

In one embodiment, the vector comprising a nucleic acid sequence encoding aLMM
described herein comprises a mechanism for site-specific integration of the nucleic acid sequence
encoding the LMM. For example, the vector is compatible with the FIp-In™ system and
comprises two FRT sites (comprising a specific nucleotide sequence) that, in the presence of Flp
recombinase, directs the recombination and subsequent integration of the desired sequence, e.g.,
the nucleic acid sequence encoding the LMM, at the desired site, e.g., between the two FRT
sites, present in the genome of aFlp-In cell, e.g., aFlp-In CHO cell. Other systems used for site-
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specific integration of nucleic acids encoding a desired product are known in art, e.g., the Cre-
lox recombinase system, or CRISPR/CAS -mediated strategies.

Suitable vectors for use are commercialy available, and include vectors associated with
the GS Expression System™, GS Xceed™ Gene Expression System, or Potelligent® CHOKISV
technology available from Lonza Biologies, Inc, e.g., pCon vectors. Additional vectors include,
but are not limited to, other commercially available vectors, such as, pcDNA3 .1/Zeo,
pcDNA3./CAT, pcDNA3.3TOPO (Thermo Fisher, previously Invitrogen); pTarget, HaloTag
(Promega); pUC57 (GenScript); pFLAG-CMV (Sigma-Aldrich); pCMV6 (Origene); or pBK-
CMV/pCMV-3Tag-7/ pCMV-Tag2B (Stratagene).

CELLSAND CELL CULTURE

In one aspect, the present disclosure relates to methods and compositions for engineering
or making acell or cell line that produces a product, e.g., arecombinant polypeptide as described
herein. In another aspect, the present disclosure relates to methods and compositions for
engineering or making acell or cell line with improved, e.g., increased productivity and product
quality. Characteristics associated with improved productivity and product quality are described
herein, for example, in the section titled "Modulation of Lipid Metabolism".

In embodiments, the cell isamammalian or non-mammalian cell, e.g., an insect cell, a
yeast cell, afungal cell, aplant cell, an archaea cell, e.g., acell from aspecies of Archaea, or a
bacterial cell. In an embodiment, the cell is from human, mouse, rat, Chinese hamster, Syrian
hamster, monkey, ape, dog, duck, horse, parrot, ferret, fish or cat. In an embodiment, the cell is
an anima cell. In embodiments, the cell isamammalian cell, e.g., ahuman cell or arodent cell,
e.g., ahamster cell, amouse cell, or arat cell. In an embodiment, the cell is aprokaryotic edl,
e.g., abacteria cell. In an embodiment, the cell is a species of Actinobacteria, e.g.,
Mycobacterium tuberculosis).

In one embodiment, the cell is a Chinese hamster ovary (CHO) cell. I1n one embodiment,
the cell isa, CHO-K1, CHOKISV, Potelligent CHOKISV (FUT8-KO), CHO GS-KO, Exceed
(CHOKISV GS-KO), CHO-S, CHO DG44, CHO DXBI 1, CHOZN, or a CHO-derived cell. The
CHO FUT8 knockout cell is, for example, the Potelligent® CHOK1 SV (Lonza Biologies, Inc.).

In another embodiment, the cell isaHeLa, HEK293, HT1080, H9, HepG2, MCF7,
Jurkat, NIH3T3, PC12, PER.C6, BHK (baby hamster kidney cell), VERO, SP2/0, NSO, YB2/0,
YO, EB66, C127, L cell, COS, eg., COS1 and COS7, QCI-3, , CHO-K1, CHOKISV,
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Potelligent CHOKISV (FUT8-KO), CHO GS-KO, Exceed (CHOKISV GS-KO), CHO-S, CHO
DG44, CHO DXB1 1, CHOZN, or a CHO-derived cell, or any cells derived therefrom. In one
embodiment, the cell isastem cell. In one embodiment, the cell is adifferentiated form of any
of the cells described herein. In one embodiment, the cell is acell derived from any primary cell
in culture.

In an embodiment, the cell is any one of the cells described herein that produces a
product, e.g., aproduct as described herein. In an embodiment, the cell is any one of the cells
described herein that comprises an exogenous nucleic acid encoding arecombinant polypeptide,
e.g., expresses arecombinant polypeptide, e.g., arecombinant polypeptide selected from Table 2
or 3.

In an embodiment, the cell culture is carried out as abatch culture, fed-batch culture,
draw and fill culture, or acontinuous culture. In an embodiment, the cell culture is an adherent
culture. In an embodiment, the cell culture is asuspension culture. In one embodiment, the cell
or cell culture isplaced in vivo for expression of the recombinant polypeptide, e.g., placed in a
model organism or ahuman subject.

In one embodiment, the culture medium is free of serum.

Other suitable media and culture methods for mammalian cell lines are well-known in the
art, as described in U.S. Pat. No. 5,633,162 for instance. Examples of standard cell culture
media for laboratory flask or low density cell culture and being adapted to the needs of particular
cell types are for instance: Roswell Park Memorial Institute (RPMI) 1640 medium (Morre, G.,
The Journal of the American Medical Association, 199, p. 519 f. 1967), L-15 medium
(Leibovitz, A. et a., Amer. J. of Hygiene, 78, Ip. 173 ff, 1963), Dulbecco's modified Eagle's
medium (DMEM), Eagle's minimal essential medium (MEM), Ham's F12 medium (Ham, R.
al, Proc. Natl. Acad. Sc.53, p288 ff. 1965) or Iscoves modified DMEM lacking albumin,
transferrin and lecithin (Iscoves et al., J. Exp. med. 1, p. 923 ff., 1978). For instance, Ham's F10
or F12 media were specialy designed for CHO cell culture. Other media specially adapted to
CHO cell culture are described in EP-481 791.COther suitable cultivation methods are known to
the skilled artisan and may depend upon the recombinant polypeptide product and the host cell
utilized. It iswithin the skill of an ordinarily skilled artisan to determine or optimize conditions
suitable for the expression and production of the product, e.g., the recombinant polypeptide, to
be expressed by the cell.
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METHODS FOR ENGINEERING A CELL AND PRODUCING A PRODUCT

The methods and compositions described herein are useful for engineering acell or cell
line with improved productivity and improved product quality. In embodiments, acell is
modified such that the lipid metabolism of the cell is modulated. For example, an exogenous
nucleic acid encoding an LMM is introduced into the cell. The cell is subsequently cultured
under conditions suitable for the expression of the LMM and LMM -mediated modulation of lipid
metabolism. The characteristics of a cell having its lipid metabolism modulated are described
herein, e.g., in the section titled "Modulation of Lipid Metabolism".

In some embodiments, the cell further comprises an exogenous nucleic acid that encodes
aproduct, e.g., arecombinant polypeptide. In another embodiment, the cell further comprises an
exogenous nucleic acid that increases the expression of an endogenous product. In any of such
embodiments, the exogenous nucleic acid that encodes aproduct or increases expression of an
endogenous product is introduced prior to the modification of lipid metabolism, e.g., the
introduction of an exogenous nucleic acid encoding aLMM described herein. Alternatively, in
other embodiments, the exogenous nucleic acid that encodes aproduct or increases expression of
an endogenous product is introduced after the modification of lipid metabolism, e.g., the
introduction of an exogenous nucleic acid encoding aLMM described herein. In any of the
embodiments, the product is atherapeutic or diagnostic protein. In any of the embodiments, the
product is selected from Table 2 or 3.

Methods for genetically modifying or engineering a cell to express adesired polypeptide
or protein, e.g., an LMM described herein or aproduct described herein, are well known in the
art, and include, for example, transfection, transduction (e.g., viral transduction), or
electroporation.

Physical methods for introducing anucleic acid, e.g., an exogenous nucleic acid or vector
described herein, into ahost cell include calcium phosphate precipitation, lipofection, particle
bombardment, microinjection, electroporation, and the like. Methods for producing cells
comprising vectors and/or exogenous nucleic acids are well-known in the art. See, for example,
Sambrook et al, 2012, MOLECULAR CLONING: A LABORATORY MANUAL, volumes 1-
4, Cold Spring Harbor Press, NY).
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Chemica means for introducing anucleic acid, e.g., an exogenous nucleic acid or vector
described herein, into ahost cell include colloidal dispersion systems, such as macromolecule
complexes, nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water
emulsions, micelles, mixed micelles, and liposomes. An exemplary colloidal system for use as a
delivery vehicle in vitro and in vivo is aliposome (e.g., an artificial membrane vesicle). Other
methods of state-of-the-art targeted delivery of nucleic acids are available, such as delivery of
polynucleotides with targeted nanoparticles or other suitable sub-micron sized delivery system.

Nucleic acids containing the sequence for a desired polypeptide, e.g.,, aLMM and/or
product described herein, are delivered into acell and can be integrated into its genome via
recombination. The resulting recombinant cells are then capable of stable expression of the
desired polypeptide, e.g., aLMM and/or product described herein, thus enabling consistent and
efficient protein production over long periods of time. Several advantages accompany stable
integration of a gene of interest including the fact that only asingle DNA delivery process is
required to induce prolonged expression since the gene of interest is simultaneously replicated
with host chromosomes; this means that the gene is transferred from one generation to the next
without the necessity for additional machinery. This aso, in theory, produces amore consistent
product and yield across batch-to-batch fermentations. In line with this, stable expression
methods are capable of generating high product yields compared to those generated without
amodification that modulates lipid metabolism described herein, e.g., introduction of an
exogenous nucleic acid encoding aLMM.

Protocols to establish recombinant cell lines that stably overexpress the desired
polypeptides, e.g., aLMM and/or product described herein, typically involve integration of
linearized DNA (usually plasmid based) at random sites into the host genome facilitated by
random recombination. Site specific protocols have aso been developed and implemented which
promote integration of an expression cassette at specific regions of the host genome
(O'Gorman, Fox et a. 1991). These protocols often exploit recombinases capable of site
specific recombination, and include, but are not limited to, the Flp-In™ system (e.g., utilizing
Flp-In CHO cells), CHOK1SV Fp cell line (Lonza) (as described in Zhang L. et al. (2015).
Biotechnol. Prog. 31:1645-5; incorporated by reference herein in its entirety), or the Cre-lox
system.
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As described above, in some embodiments, the vector comprising anucleic acid encoding
aproduct and/or aLMM, further comprises a selection marker to facilitate selection of
successfully expressing cells from atransfected pool (Browne, Al-Rubeai 2007). Although
numerous selection methods are commercially available, the most commonly used of these are
methotrexate (MTX) and Lonzas glutamine synthetase (GS) system (Bebbington, Renner et
a. 1992, Lai, Yang et a. 2013). Dihydrofolate reductase (DHFR) is a protein responsible for
the conversion of folic acid to tetrahydrofolate and is necessary for essential biosynthetic
pathways that produce glycine, purines, and thymidylic acid. MTX can be used to inhibit DHFR
activity and inclusion of DHFR in a stably transfected culture can therefore be used to select for
stably integrated cells; only those cells successfully expressing sufficient recombinant DHFR
will survive selection using MTX (Cacciatore, Chasin et a. 2010). Another selection method
commonly employed isthe use of GS; an enzyme responsible for the synthesis of glutamine
from glutamate and ammonia and, since glutamine isvital for mammalian cell survival, cells
lacking sufficient GSwill not survive in culture. Initially the addition of methionine
sulphoximine (MSX), an inhibitor of GS, ensures that the presence of endogenous GSin
CHOK1 SV cellsis not adequate to maintain cell survival and therefore only cells expressing
additional GSbrought about through stable integration of a recombinant construct survive the
selection process. Lonza and others have now established CHO host cell lines in which the
endogenous GS gene has been knocked down/out such that al cells perish that are not
successfully integrated with the construct of interest without the presence of exogenous
glutamine in the media (Fan, Kadura et al. 2012). Many other selection methods are available
which elicit aresistance to aparticular selection agent such that only cells harboring the
resistance gene will survive the selection process; these include hygromycin, neomycin,
blasticidin and zeocin (Browne, Al-Rubeai 2007). In embodiments, the vector comprising an
exogenous nucleic acid encoding aLMM and the vector comprising an exogenous nucleic acid
encoding aproduct, e.g., arecombinant polypeptide as described herein, further comprise
different selection markers.

Following the successful recovery of stably expressing cell pools, the isolation of
individual clones, originating from a single cell, facilitates the selection of cell lines that are
capable of high product yields and quality, or the cell lines with the highest capability of high
product yields and high quality product. Differences in cellular properties are likely associated
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with heterogeneity observed in cells and both the number and specific integration site(s) of
recombinant DNA. Clonal screening properties have therefore been developed to rapidly
assess multiple clones and subsequently select high expressing cells. Fluorescence Activated Cell
Sorting (FACS) is amethod which can rapidly sort cells based on fluorescence intensity and
therefore can be employed to select for high expressing clones. Several protocols have been
established which involve fluorescent tagging of the protein of interest (Powell, Weaver 1990),
fluorescent tagging of cell surface molecules co-expressed with the recombinant gene
(Holmes, Al-Rubeai 1999) and detection of fluorescence intensity based on eGFP expression co-
expressed with the gene of interest (Meng, Liang et a. 2000). A high fluorescence intensity
observed with these methods suggests ahigh level of recombinant protein production and thus
these cells can be preferentially selected from arecombinant cell pool. FACS-based selection
methods to isolate high expressing recombinant clones are more suited to recombinant
products which remain associated with the cell and, since mammalian expressed biotherapeutic
recombinant protein products are secreted, methods have been developed which are more
appropriate for the selection of clones for secreted recombinant proteins. For example,
ClonePix is an automated colony selection method which picks clones grown on a semi-solid
media based on secretion of recombinant products into the media surrounding the colony and
associating with Fluorescin Isothiocyanante (FrTC) therefore creating a fluorescent halo around
the colonies (Lee, Ly et al. 2006). Clones are selected based on the fluorescence intensity of the
halo surrounding the colony. Many other clone selection protocols have been established which
rapidly isolate recombinant cells based on desired biological properties with particular interest
on productivity and are reviewed in Browne and Al-Rubea (Browne, Al-Rubea 2007).
Expansion of aclone selected as described herein results in the production of acell line.

In one embodiment, the methods described herein produce a cell with improved
productivity. Improved productivity or production capacity of a cell includes ahigher yield or
amount of product that isproduced, and/or an increased rate of production (as determined by the
yield or amount of product produced over aunit of time). In one embodiment, improvement of
the productivity of acell, e.g., the capacity to produce aproduct, results in an increase, e.g., a
1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, or 99% increase; or a 1-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-
fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 50-fold, or 100-fold, or more increase in the amount,
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level, or quantity of product produced, e.g., compared to the amount, level, or quantity of product
produced by a cell that does not have alipid metabolism pathway modulated. In one
embodiment, improvement of the productivity of acell, e.g., the rate of production of the
product, results in an increase, e.g., a 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% increase; or a 1-
fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 50-fold, or 100-
fold, or more increase in the rate of production of the product, e.g., compared to the rate of
production of the product produced by a cell that does not have alipid metabolism pathway
modul ated.

The methods described herein for engineering a cell produce ahigh production cell or a
high production cell line. A high production cell or cell line is capable of producing higher
yields of arecombinant polypeptide product than compared to areference cell or acell that has
not been selected or engineered by the methods described herein. In an embodiment, ahigh
production cell line is capable of producing 100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L, 500
mg/L, 600 mg/L, 700 mg/L, 800 mg/L, 900 mg/L,| g/L, 2 g/L, 3g/L,4g/L, 50/L, 10 g/L, 15
oL, 20g/lL, 25¢g/L,309g/L,35¢0/L,40g/L, 45¢g/L,500/L, 55g/L, 60g/L, 659g/L, 70d/L, 75
g/L, 80 g/L, 85g/L, 90 g/L, 95 g/L, or 100 g/L or more of aproduct, e.g., a recombinant
polypeptide product. In an embodiment, ahigh production cell line isproduces 100 mg/L, 200
mg/L, 300 mg/L, 400 mg/L, 500 mg/L, 600 mg/L, 700 mg/L, 800 mg/L, 900 mg/L, 1g/L, 2 g/L,
3g/lL,49dlL,5dL, 10g/L, 159g/L,209/L,25¢/L, 30g/L, 35¢g/L,409g/L,45¢g/L,50g/L, 559/,
60 g/L, 65 g/L, 70 g/L, 75 g/L, 80 g/L, 85 ¢g/L, 90 g/L, 95 ¢/L, or 100 g/L or more of aproduct,
e.g., arecombinant polypeptide product. The quantity of product produced may vary depending
on the cell type, e.g., species, and the product, e.g., recombinant polypeptide, to be expressed.
By way of example, ahigh production CHO cell that expresses a monoclonal antibody may be
capable of producing at least 1g/L, 2 g/L, 5¢/L, 10 g/L, 15 g/L, 20 g/L, or 25 g/L of a
monoclona antibody.

Described herein are methods and compositions that may be particularly useful for the
expression of products that are difficult to express or produce in cells or cell-free systems using
the conventional methods presently known inthe art. As such, aproduction cell line producing
such difficult to express products, e.g., next generation biologies described herein, may produce
a least 1mg/L, 5mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, 45
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mg/L, 50 mg/L, 55 mg/L, 60 mg/L, 65 mg/L, 70 mg/L, 75 mg/L, 80 mg/L, 85 mg/L, 90 mg/L, 95
mg/L, or 100 mg/L or more. Production capacity (e.g., yield, amount, or quantity of product or
rate of production of product) achieved by the methods and compositions described herein for
difficult to express proteins can be increased by 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95%, 99%, or more, or 1-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 50-fold,
or 100-fold or more, in comparison to the production capacity of acell or system that does not
have a modification that modulates lipid metabolism as described herein.

Assays for quantifying the amount, level, or quantity of product produced or secreted,
e.g., secreted into the culture media, include protein quantification assays, such asthe Bradford
protein assay, SDS-PAGE analysis, immunoblotting, e.g., western blot, and automated means,
e.g., using ananodrop device. Other methods for measuring increased protein production are
well-known to those skilled in the art. For example, an increase in recombinant protein
production might be determined at small-scale by measuring the concentration in tissue culture
medium by ELISA (Smales et a. 2004 Biotechnology Bioengineering 88:474-488). It can aso
be determined quantitatively by the ForteBio Octet, for example for high throughput
determination of recombinant monoclonal antibody (mAb) concentration in medium (Mason et
al. 2012 Biotechnology Progress 28:846-855) or at alarger-scale by protein A HPLC (Stansfield
et a. 2007 Biotechnology Bioengineering 97:410-424). Other methods for determining
production of aproduct, e.g., arecombinant polypeptide described herein, can refer to specific
production rate (gP) of the product, in particular the recombinant polypeptide in the cell and/or to
atime integral of viable cell concentration (rVC). In an embodiment, the method for
determining production includes the combination of determining gP and IVC. Recombinant
polypeptide production or productivity, being defined as concentration of the polypeptide in the
culture medium, is afunction of these two parameters (qP and rVC), calculated according to
Porter et al. (Porter et al. 2010 Biotechnology Progress 26:1446-1455). Methods for measuring
protein production are also described in further detail in the Examples provided herein.

In one embodiment, the methods described herein produce a cell with improved product
quality. In one embodiment, improvement of the quality of the product results in the increase,
e.g., a 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%, or more, increase in product quality; or a 1-
fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 50-fold, or 100-
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fold, or more increase, in product quality, e.g., as compared to the amount, level, or quantity of

product produced by acell that does not have a lipid metabolism pathway modulated. Such

increases in product quality can be exemplified, for example, by one or more of the following:

i)

i)

i)

vii)

an increase in the amount or quantity of non-aggregated product (or a decrease in
the amount or quantity of aggregated product);

an increase in the amount or quantity of properly folded or assembled product (or
a decrease in the amount or quantity of misfolded, unfolded, partially assembled,
or non-assembled product), or an increase in the ratio of properly folded or
assembled product tounfolded, misfolded, partially assembled, or non-assembled
product;

an increase in the amount or quantity of full-length product (or a decrease in
fragmentation of the product);

an increase in the desired post-translational modifications (or a decrease in
unmodified or incorrectly modified product);

an increase or decrease in glycan heterogeneity (e.g., for glycosylated products);
an increase in the amount or quantity of functional product (or a decrease in the
amount or quantity of anonfunctional or dysfunctional product), or an increase in
the ratio of function to nonfunctional or dysfunctional product; and/or

an increase or decrease in disulfide bond scrambling (e.g., an increase or decrease
the desired isoform or structure as aresult to increased or decreased disulfide

bond scrambling, e.g., for antibody molecule products).

Methods for measuring product quality, e.g., the improvement of the product quality, of a

cell or cell line generated as described herein are known in the art. In one embodiment, methods

for determining the fidelity of the primary sequence of the expressed recombinant polypeptide

product are known in the art, e.g., mass spectrometry. An increase in the amount or

concentration of properly folded product, e.g., expressed recombinant polypeptide, can be

determined by circular dichroism or assessing the intrinsic fluorescence of the expressed

recombinant polypeptide. An increase in the amount or concentration of functional product can

betested using various functional assays depending on the identity of the recombinant product,

e.g., recombinant polypeptide. For example, antibodies can betested by the ELISA or other

immunoaffinity assay. Other methods for determining an increase in product quality, e.g.,
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determining aggregation, post-translational modifications, disulfide bond scrambling, can be
assessed by size exclusion chromatography, high performance liquid chromatography, dynamic
light scattering (DLS) approaches, and protein electrophoresis (PAGE) methods.

In an embodiment, the methods for producing aproduct, e.g., as described herein,
comprise providing acell engineered to comprise a modification that modulates lipid
metabolism, as described above. In one embodiment, the cell comprising a modification that
modulates lipid metabolism further comprises an exogenous nucleic acid encoding a product,
e.g., arecombinant polypeptide as described herein. In one embodiment, the exogenous nucleic
acid encoding aproduct, e.g., arecombinant polypeptide described herein is introduced to the
engineered cell comprising amodification that modulates lipid metabolism. In another
embodiment, the exogenous nucleic acid encoding aproduct, e.g., arecombinant polypeptide
described herein, is introduced to a cell prior to the introduction of an exogenous nucleic acid
encoding aLMM as described herein. The exogenous nucleic acid encoding a product further
comprises a selection marker, for efficient selection of cells that stably express, e.g., overexpress,
the product as described herein.

In some embodiments, additional steps may be performed to improve the expression of
the product, e.g., transcription, translation, and/or secretion of the product, or the quality of the
product, e.g., proper folding and/or fidelity of the primary sequence. Such additiona steps
include introducing an agent that improves product expression or product quality. In an
embodiment, an agent that improves product expression or product quality can be a small
molecule, apolypeptide, or anucleic acid that encodes a polypeptide that improves protein
folding, e.g., achaperone protein. In an embodiment, the agent that assists in protein folding
comprises anucleic acid that encodes a chaperone protein, e.g., BiP, PD1, or EROI
(Chakravarthi & Bulleid 2004; Borth et al. 2005; Davis et al. 2000). Other additional stepsto
improve yield and quality of the product include overexpression of transcription factors such as
XBP1 and ATF6 (Tigges & Fussenegger 2006; Cain et a. 2013; Ku et al. 2008) and of lectin
binding chaperone proteins such as calnexin and calreticulin (Chung et al. 2004). Overexpression
of the agents that assist or improve protein folding, product quality, and product yield described
herein can be achieved by introduction of exogenous nucleic acids encoding the agent. In
another embodiment, the agent that improves product expression or product quality is a small

molecule that can be added to the cell culture to increase expression of the product or quality of
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the product, e.g., DMSO. In one embodiment, culturing the cells a alower temperature, e.g.,
1°C, 2°C, 3°C, 4°C, 5°C, 6°C, 7°C, 8°C, 9°C, or 10°C lower, than the temperature that the cells
are normally grown can improve productivity.

Any of the methods described herein can further include additional selection steps for
identifying cells that have high productivity or produce high quality products. For example,
FACS selection can be utilized to select specific cells with desired characteristics, e.g., higher
expression of aprotein folding proteins, e.g., chaperones.

In one aspect, the disclosure provides methods that include a step for recovering or
retrieving the recombinant polypeptide product. In embodiments where the recombinant
polypeptide is secreted from the cell, the methods can include a step for retrieving, collecting, or
separating the recombinant polypeptide from the cell, cell population, or the culture medium in
which the cells were cultured. In embodiments where the recombinant polypeptide is within the
cell, the purification of the recombinant polypeptide product comprises separation of the
recombinant polypeptide produced by the cell from one or more of any of the following: host cell
proteins, host cell nucleic acids, host cell lipids, and/or other debris from the host cell.

In embodiments, the process described herein provides a substantially pure protein
product. Asused herein, "substantially pure" is meant substantially free of pyrogenic materials,
substantially free of nucleic acids, and/or substantially free of endogenous cellular proteins
enzymes and components from the host cell, such as polymerases, ribosomal proteins, and
chaperone proteins. A substantially pure protein product contains, for example, less than 25%,
20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of contaminating endogenous
protein, nucleic acid, or other macromolecule from the host cell.

Methods for recovering and purification of aproduct, e.g., arecombinant polypeptide, are
well established inthe art. For recovering the recombinant polypeptide product, aphysical or
chemical or physical-chemical method is used. The physical or chemical or physical-chemical
method can be afiltering method, a centrifugation method, an ultracentrifugation method, an
extraction method, a lyophilization method, aprecipitation method, a chromatography method or
a combination of two or more methods thereof. In an embodiment, the chromatography method
comprises one or more of size-exclusion chromatography (or gel filtration), ion exchange
chromatography, e.g., anion or cation exchange chromatography, affinity chromatography,
hydrophobic interaction chromatography, and/or multimodal chromatography.
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EXAMPLES
The invention is further described in detail by reference to the following experimental

examples. These examples are provided for purposes of illustration only, and are not intended to
be limiting unless otherwise specified. Thus, the invention should in noway be construed as
being limited to the following examples, but rather, should be construed to encompass any and
all variations which become evident as aresult of the teaching provided herein.

Without further description, it isbelieved that one of ordinary skill inthe art can, using
the preceding description and the following illustrative examples, make and utilize the
compounds of the present invention and practice the claimed methods. The following working
examples specifically point out various aspects of the present invention, and are not to be

construed as limiting in any way the remainder of the disclosure.

Example 1: Generation of Stable Cells Overexpressing a Lipid Metabolism M odulator

In order to investigate the effect of overexpression of two lipid metabolism modulators,
SCD1 and SREBFI, in CHO cells, these genes were successfully cloned and stably integrated
into adherent CHO Flp-In cells using a site directed approach, and into suspension GS knockout
(GSKO) CHO cellsusing arandom integration approach.
Molecular Cloning d SCO1 and SREBFI containing FRT vectors

Molecular cloning was carried out in order to generate FRT based vectors which
facilitate the expression of SCD1 and SREBFI proteins both with and without a V5/His tag at
the C-terminus of each protein. The use of these vectors, in conjunction with Thermo Fisher's
commercialy available Flp-In host CHO cell pool enabled site specific integration of the genes
of interest to generate stable CHO adherent cell pools. The primers described in Table 4 were
used in a Phuson® Polymerase based PCR reaction to amplify these genes such that double
stranded DNA fragments were produced flanked by the restriction sites also detailed in Table 4.
SCD1 and SREBFl genes were amplified from Mouse P19 derived cDNA and Origene mouse
cDNA clone (NCBI accession no. NM_01 1480), respectively.

Following successful amplification of the target genes, double restriction digests were

undertaken on FRT-V5 vectors aswell asthe previousy generated PCR products of the genes of
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interest using the appropriate restriction enzymes. Ligations were incubated overnight before
subsequent transformations and miniprep purification was carried out on the resulting colonies.
Generation of SCDlI and SREBFI Overexpressing Adherent Fip-In CHO Cells

The aforementioned FRT -based constructs were used in conjunction with Thermo
Fisher's commercially available adherent Flp-In CHO cells to generate stable cell pools. FRT
vectors containing the genes of interest and an empty FRT construct (used to generate a control
cell pool) were co-transfected with recombinase containing pOG44 vector into Flp-In cells.
Recombinase sites present in the FRT vectors and Flp-In CHO genome initiate site specific
recombination and successful clones can be isolated using hygromycin as a selection agent.
Stably expressing recombinant CHO adherent cell pools in a site specific manner were generated
according to the manufacturer's instructions, e.g., as described in the Thermo Fisher's Flp-In
manual, e.g., available from the Thermo Fisher's references and protocols website. This method
was used to generate and recover control, SCD1-V5, and SREBFl -V5 Flp-In CHO polyclona
cell pools.

Molecular Cloningd SCD1 and SREBFI intopcDNA3.1 Vectors
Expression vectors were generated to stably integrate, and therefore overexpress, in

industrially relevant CHO suspension cells with one of SCD1, SREBFl or a truncated
SREBFl gene. The pcDNA3.1V5-Hi“TOPO vector consists of an appropriate CMV promoter
and downstream multiple cloning site, facilitating expression of the gene of interest, while also
including elements enabling expression of a neomycin gene which can be utilized for selection

of successful clones following integration of DNA into the genome.

Initially, the Phusion® PCR protocol was used to amplify SCD1, SREBF and a
SREBF! truncation using the primers indicated in Table 4, designed so that restriction sites were
simultaneously added to the flanks of the resulting PCR products. The previously generated
SCD1-FRT vector was used as a template to amplify the SCD1 genes while Origene mouse
cDNA (NCBI accesson no. NM_011480) was used to amplify the SREBFl gene and its
truncation. The SREBFI truncation hereby referred to as SREB410, codes for a 410 amino acid
long polypeptide sequence, which includes the helix-1oop-helix (HLH) domain of SREBFI. This
domain is endogenously cleaved from the full-length protein alowing migration of this fragment
to the nucleus and subsequent gene transcription activation as previously outlined. Primers were

designed to amplify this region with the aim to express a protein (encoded by this sequence)
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which is localized directly in the nucleus and thus to carry out its function as a transcriptional
activator without the need for endogenous processing.

Double restriction digests were carried out on purified PCR products as appropriate (see
Table 4), and pcDNA3.1/V5-His/'TC)PO, where primers amplified a gene with no stop codon, in
order to allow read through into an in-frame sequence encoding aV5 and Histag. The resulting
DNA fragments were ligated to yield vectors containing SCD1, SREBF1 or SREB410 genes
with a V5-His tag. These reactions were transformed and mini preps were carried out on a
number of the resulting colonies. Restriction digests were carried out and the resulting DNA
fragments were run on an agarose gel to ascertain which samples were successful.
Generation d SCD1 and SREBF1 Overexpressing Suspension GSKO CHO Cells

Suspension CHOK1SV GS-KO cell pools grown in chemically-defined, protein and
serum-free media, stably transfected with the previously synthesized pcDNA3.1V5-HisTOPO
derived constructs were generated in order to investigate the effect of constitutive expression of
the inserted genes in an industrialy relevant cell line. In order to achieve this, stable
integration was carried out using Lonzas CHOK1SV GS-KO host cell line. Initially, SCD1-
V5, SREBF1-V5, SREB410-V5 and control (empty pcDNA3.1V5-His'TOPO) constructs were
linearized by overnight digestion with Pvul restriction enzyme (NEB). Following linearization,
DNA was purified using ethanol precipitation and CHOK1SV GS-KO cells were electroporated

using 20 ug DNA and 1 x 107 viable cells before immediate transfer to T75 flasks containing
CD-CHO medium (Thermo Fisher) a 37°C to make a fina volume of 20 mL. Flasks were
placed in ahumidified static incubator a 37°C with a’5% C02 in air atmosphere for 24 hours.
A concentrated stock of G418 (Melford) selection agent was diluted in CD-CHO medium
and 5 mL of this stock was added to the T75 flasks and gently mixed to yield a find
concentration of 750 pg/mL in a 25 mL total volume. Cell counts were performed every 3-4
days to determine growth and culture viability and 750 ug/ml G418 in CD-CHO media was
renewed approximately every 6 days by centrifugation and resuspension. Cells were transferred
to 125 mL Erlenmeyer flasks and routine suspension cell culture was established once

cells had reached a concentration of 2 x 10" viable cells/mL.

Table4: Summary of primer sequences
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eGFP SV40 For TAT GCTAGC GGTACCATGGTGAGCAAGGGCGAGGA Nhel, Kpnl*

SREBF1 V5 For ERT TAT GCGGCCGC ATGGACGAG Notl 8
SREBF1 V5 Rev ATA CTCGAG CGGCTACTCTT Apal 9
[ Sovrermr | weememeesee T w0
s L O
SCD1 V5 For FRT TAT GGTACC ATGCCGGCC Kpnl 12
SCD1 V5 Rev FRT ATA CTCGAG CGGCTACTCTT Xhol 13
[ Serirersl | wewemomewon  Ww
[ SemiRevsl | marororcmoccomeioreocoree e 8
SREBF1 VS5 For 3.1 TAT GCGGCCGC ATGGACGAG Notl 16
SREBF1 V5 Rev 3.1 ATA TCTAGA CTGCTGGAAGTGACGGTGGTTC Xbal 17
[ SmeeaOfrsl | wwecocccmeonow T Rew ®
[ SREBHI0Rev31] RO GOmCCatomooo e | ea
SREB410 V5 For TAT GCGGCCGC ATGGACGAG Notl 20
SREB410 V5 Rev ATA TCTAGA CTCATGCCCTCCATAGACACATCTGTG Xbal 21
S s L T
[ SooiRevs1 | meocooroacwoorer (e P
SCD1 V5 For 3.1 TAT GGTACC ATGCCGGCC Kpnl 24
SCD1 V5 Rev 3.1 ATA CTCGAG CGGCTACTCTT Xhol 25

Example 2: Expression Analysis of LMM in Stable Cells Overexpressing al.Mm

Following the establishment of stable Flp-In CHO cell pools stably integrated with either
a control (empty pcDNA5 FRT), SCD1-V5 or SREBF1 V5, immunofluorescence was
undertaken to confirm both the expression of the stably exogenous integrated genes and
additionally the intracellular location of the expressed proteins. Control, SCD1-V5 and SREBF1-
V5 cell lines were seeded at 2 x 105viable cells per well in a24 well plate in Ham Nutrient Mix
F12 medium supplemented with 10% FBS. Samples were methanol-fixed and first exposed to
anti-V5 antibody (produced in mouse- Sgma V8012) and successively anti-mouse FITC
secondary conjugate (raised in goat-Sgma F0257). Furthermore, the cells were exposed to DAPI
stain (10 pg/mL working stock) in order to stain cellular DNA thus highlighting the nuclei. The
resulting immunofluorescent images are shown in Figure 1.

The presence of the FITC stains in SCD1-V5 and SREBF1-V5 cell lines shows that the
exogenous/recombinant genes were successfully expressed and, moreover, the cellular
localization of SCD1-V5 and SREBF1-V5 proteins was clearly evident. Constitutively expressed
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SCD1-V5 protein was present and abundant throughout the cell, with the images showing their
localization to be in the cytoplasm and in the ER. Conversely, the SREBF1-V5 protein was
expressed to a much lower amount, but it was very prominently located at the peri-nucleus
forming aring around the nuclei. It is important to consider that the V5 epitope sequence was
added to the 3' end of the gene and, because of the natural regulation of SREBF1, specific
domains are cleaved and relocated within the cell. The mature, cleaved bHLH (basic helix l1oop
helix) region is of particular importance asit is responsible for transcriptional activation of many
genes with implications on lipid biosynthesis and conformation. Because this region is encoded
a the 5' end of the gene, this region would not be detected upon staining of the 3' V5 tag and
thus it is impossible to determine whether any of the congtitutively expressed, cleaved portion of
the translated protein ispresent in the imaged cells.

Staining of intracellular V5-tagged stable proteins was carried out to determine the
presence of SCD1-V5 and SREBF1-V5 in engineered CHOK1SV GS-KO suspension cell lines.
In order to adhere these cells to a coverdlip in a 24 well plate, coverdips were first treated with
poly-L-lysine and cells were seeded at 2 x 10°cells per well and left to incubate at 37°C in a 5%
CO, environment static humidified incubator overnight. Following methanol fixing and
permesablisation, anti-V5 (produced in mouse - Sgma V8012) was conjugated with anti-mouse
TRITC (produced in goat- T5393) secondary antibody. The resulting images are shown in Figure
2.

Western blots were performed using an anti-V5 antibody, an anti-mouse HRP conjugated
secondary antibody, and the appropriate detection system, was used to further confirm
expression of the lipid constructs with the V5 tag. Equivaent amounts of total protein
(determined using the Bradford assay) were loaded for SDS-PAGE followed by western blotting
onto nitrocellulose. The resulting blots are shown in Figures 3A, 3B, and 3C with the V5 tag
only detected in those cells expressing the SCD1 construct. However, the low levels of
expression achieved with the SREBF1 construct may explain the lack of detection of V5 in cell

lines expressing this construct.

Example 3: Growth Characteristics of Stable Cells Overexpressing aLMM

In this example, the growth characteristics, such as viable cell counts, cell nhumber, and

culture viability were assessed in two different cell lines engineered to overexpress LMMs, a
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CHO Flp-In™ and the CHOK1SV GS-KO (Lonza Biologies) cell lines. The LMM-engineered
cell lines were generated as described in Example 1. Control cell lines were engineered to
express an empty V5 tagged expression vector. An eGFP encoding expression vector was
transfected into the LMM-engineered cell lines by electroporation. Electroporations were carried
out using 1x 107 viable LMM-engineered FIp-In CHO cells or CHOK1SV GS-KO cells and 20
ug of plasmid DNA (eGFP encoding expressing vector) and these cells were diluted to a final
volume of about 20 or 32 mL in Ham Nutrient Mix F12 medium. Viable cell concentrations were
determined using aViCell cell counter and recorded at 24, 48, 72, and 96 hours post transfection
of the eGFP encoding expression vector.

The results for the FIp-In™ cells engineered to express SCDI and SREBFl are shown in
Figure 4. Cells overexpressing SCDI and SREBFl generally showed some increase in the
viable cell concentation compared to control cells across all time points.

The results for the CHOK1SV GS-KO cells engineered to express SCDI, SREBFI, and
SREBF410 are shown in Figures 5A and 5B. Viable cell concentration compared to total cell
cocentration are shown in Figure 5A, with the viable cell concentration represented by the lower
column, and the whole column representing the total number of cells counted. As shown in
Figure 5A, expression of LMM (SCDI and SREBFI) results in a general increase in viable and
total cell numbers across al time points. By 48, 72 and 96 hours, viable and total cell
concentration were significantly higher in SCDI and SREBF 1-engineered cells. At 96 hours,
viable cell counts for SCDI and SREBFI -engineered cells were more than 1 x 106 cellsmL
higher than control cells. Culture viability was also calculated and shown in Figure 5B. The
LMM-engineered cells generally showed an increase in culture viability as compared to control

cells.

Example 4: Increased eGFP Induced Fluorescence in Stable Cells OverexpressngaLMM

In this example, the production capacity for producing a recombinant protein was
assessed in the CHO-FIp-In™ and the CHOK1SV GS-KO cell lines that were engineered to
stably express LMMs, as described in Example 1. The LMM-engineered cells were transfected
with an eGFP encoding expression vector as described in Example 3, and production capacity
was assessed by measuring the amount of eGFP produced by flow cytometry a 24, 48, 72, and
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96 hours after transfection. A FACSCalibur (BD Biosciences) instrument was used to measure
the eGFP-mediated fluorescence of the cells and generate the data shown here.

Production of eGFP was measured in Flp-In cells engineered to express V5-tagged SCD1
and SREBF1. Figures 6A, 6B, and 6C show the median fluorescence, the geometric mean
fluorescence, and the arithmetic mean fluorescence, respectively, of the LMM-engineered Flp-In
cells recorded using flow cytometry at the specified time points. These values are increased in
SCD1 overexpressing cells for median fluorescence, geometric mean fluorescence, and
arithmetic mean fluorescence, thereby demonstrating that cells stably expressing SCD1 are
capable of producing more eGFP compared to the control cells.

Production of eGFP was measured in CHOK1SV GS-KO cells engineered to express V5-
tagged SCD1, SREBF1, and SREBF410. Median fluorescence is shown in Figure 7A and
geometric mean fluorescence is shown in Figure 7B. Increased median fluorescence and
geometric mean fluorescence was observed for cells engineered to overexpress SREBFL.

In order to account for differences in cell concentration and proliferation properties
observed in CHOK1SV GS-KO derived cell lines. Total fluorescence per mL of culture was
caculated by multiplying the measured arithmetic mean fluorescence by the total cell
concentration (xIO® per mL), and the calculated values are shown in Figure 7C. As shown in
Figure 7C, SCD1 overexpressing cells produced a significantly increased amount of recombinant
protein (eGFP) a 24 hours after transfection as compared to control cells. SREBF1
overexpressing cells generally produced an increased amount of eGFP at all time points tested as
compared to control cells, and significantly increased amounts a 72 and 96 hours after
transfection.

Collectively, these data show that engineering cells to express an LMM, such as SCD1
and SREBF1, increases production capacity of atransiently expressed recombinant protein such
as eGFP. Furthermore, as demonstrated by the fluorescence measured, the cells produced
increased correctly folded and functional eGFP as compared to cells that did not have a
modification that modulates lipid metabolism, thereby demonstrating that modulation of lipid

metabolism increases both production yields and quality.

Example 5: Improved Productivity in Stable Cells Overexpressing an LMM
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Similar to the experiments described in Example 4, cell lines that stably express LMMs
were assessed for production capacity of different products, such as a model 1gG4 antibody
molecule (referred to herein as antibody A) and a fusion protein (referred to herein as Fc fusion
protein or FP).

Flp-In cells stably expressing V5-tagged SCD1 and SREBF1 (engineered as described in
Example 1) were electroporated with expression vectors encoding antibody A or a Fc fusion
protein. Following electroporation, the quantity of recombinant antibody A and FP in culture
supernatant was determined a 24, 48, 72, and 96 hours after electroporation by western blotting.
An anti-heavy chain primary antibody, an anti-rabbit-HRP conjugated secondary antibody, and
the appropriate detection reagent were used to detect antibody A (Figure 8A) and the Fc fusion
protein (Figure 9A). Average fold change in production of the antibody A and Fc fusion protein
was determined by Protein A HPLC, and shown in Figures 8B and 9B, respectively. Cell lines
expressing exogenous SCD1 demonstrated increased productivity compared to the control cell
lines with both recombinant proteins. Furthermore, this effect was consistent across the 24, 48,
72, and 96 hour time points anayzed.

Lonzas CHOK1SV GS-KO (Xceed™ ) cells stably expressing the SCD1, SREBF1, and
SREBF410 constructs (engineered as described in Example 1) were transiently transfected with
two recombinant proteins; a model 1gG4 (antibody A) and an Fc fusion protein. Following
electroporation, the quantity of recombinant antibody A and FP in culture supernatant was
determined every 24 hours up to 96 hours by western blotting using an anti-heavy chain primary
antibody, an anti-rabbit-HRP conjugated secondary antibody, and the appropriate detection
reagent (Figures 10A and 11A). Average fold change in production of the antibody A and Fc
fusion protein was determined by Protein A HPLC, and shown in Figures 10B and 11B,
respectively. CHOK1SV GSKO cells lines expressing exogenous SCD1, SREBFI1, and
SREBF410 demonstrated increased productivity compared to the control cell lines with both
recombinant proteins (Figures 10B and 11B). Furthermore, this effect was consistent across the
48, 72, and 96 hour time points analyzed.

Lonzas CHOK1SV GS-KO (Xceed™ ) cells stably expressing the SCD1, SREBF1, and
SREBF410 constructs (engineered as described in Example 1) were stably transfected with two
recombinant proteins, amodel 1gG4 (antibody A) and an Fc fusion protein. Figure 15A and 16A

show volumetric productivity of antibody A and FC fusion protein respectively at 48, 96, 144
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and 192 hours after initial seeding at 0.2 x 106 viable cellml. Results show that the SCDI
overexpressing cell pools improve the absolute yield of both recombinant molecules.
Furthermore, upon calculations to include cell numbers, the specific productivity of both
recombinant molecules was also greatly increased in SCDI overexpressing cell pools (Figure
15B and 16B).

These results collectively show that engineering cellsto express an LMM, such as SCDI ,
SREBFI, and afunctiona fragment of SREBFl (SREBFA410) increases production capacity of

transiently expressed recombinant proteins, such as antibody molecules and fusion proteins.

Example 6: Improving Established Production Cell Lines

Examples 4 and 5 demonstrate that cell lines stably expressing LMMs have improved
production when transiently expressing a recombinant product, such as a GFP, an antibody
molecule, or afusion protein. In this example, analysis was performed to determine the effect of
LMMs on the enhancing existing stable yields of arecombinant product in established cell lines.

CHO121 cells that have been previously engineered to stably express a model 1gG4
antibody molecule (antibody A) were used. Constructs encoding V5-tagged SCDI, SREBFl and
a truncated SREBFlI (SREBF410) were transiently expressed in the antibody A-stably
expressing cells. Control cells were transfected with an empty V 5 tag vector. Supernatants from
the cells were harvested at 48, 72, and 168 hours. Western blot analysis was performed to
determine the amount of antibody A produced by using an anti-heavy chain primary antibody
(Sigma 19764), followed by anti-rabbit HRP conjugated secondary antibody (Sigma A6154), and
the results are shown in Figure 12A. As shown, expression of LMMs SCDI and SREBF410
resulted in an increase in the amount of antibody A produced by the cells as compared to control
at both 48 and 72 hours after introduction of the LMMs. Supernatants from cells were subjected
to Coomassie analysis to show the amount of antibody A produced after 168 hours after
introduction of the LMMs, and demonstrate that LMM transient expresson (SCDI and
SREBF410) resulted in improved production of the recombinant protein (Figure 12B). Figure 13
shows quantitative analysis of antibody A using protein A HPLC highlighting a marked increase
in the average product titre following transient transfections with SCDI and SREB410
containing plasmids at 48, 72, 96 and 144 hours post transfection. Figure 14 shows quantitative

analysis of the FC fusion protein using protein A analysis to determine product titres and viable
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cell numbers to determine specific productivity. This data shows an increase in the average
specific productivity of cellstransiently transfected with vectors containing LMM elements and
the SREBFI containing construct yields the highest average value.

These results show that modulation of the lipid metabolism in established cell lines can
further improve production capacity compared to established yields.

Example 7: Improved Productivity by Simultaneous Introduction of Recombinant Genes

and LMMs

Plasmids/constructs were generated which comprise of genes for appropriate expression
of both an exemplary immunocytokine and either a control (no LMM), SCDI, SREBFl or
SREB41 1 (SREBFI derived sequences were CHO specific; NM_00 1244003, SEQ ID NOs: 34
and 36). These constructs were then used to transiently transfect Lonzas CHOK1SV GS-KO
cells. Figure 17A shows western anaysis of supernatants harvested at 48 and 96 hours post
transfection. The supernatant samples used were reduced and the transient product was detected
by probing with an anti-heavy chain primary antibody and HRP conjugated anti-rabbit secondary
to highlight a native heavy chain (lower band) and cytokine fused heavy chain (upper band).
Inclusion of SCDI, SREBFl and SREB411 genes in the transfected construct resulted in an
increase in both band intensities a both 48 and 96 hours post transfection. Furthermore, figure
17B shows quantitative analysis of samples obtained at 96 hours post transfection using protein
A analysis. Relative abundances of the immunocytokine support the data presented in western
analysis (Figure 17A).

These data show that the simultaneous inclusion of an LMM, such as SCDI, SREBF,
and a functional fragment of SREBFlI (SREBF411), with recombinant product genes can

improve production capacity.
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What is claimed is:

1. A method for producing aproduct, e.g., apolypeptide, e.g., arecombinant
polypeptide, by acell, comprising:

i) providing acell comprising amodification that modulates lipid metabolism, and

i) culturing the cell, e.g., under conditions suitable for modulation of lipid
metabolism by the modification,
thereby producing the product, e.g., polypeptide, e.g., recombinant polypeptide.

2. The method of claim 1, wherein the cell comprises an exogenous nucleic acid that

encodes the polypeptide, e.g., apolypeptide selected from Table 2 or 3.

3. The method of either of claims 1or 2, wherein the modification provides increased
production or improved quality of the polypeptide as compared to a cell not having the
modification.

4. The method of any of claims 1-3, comprising forming, in the cell, an exogenous
nucleic acid encoding alipid metabolism modulator (LMM) or an exogenous LMM, and
optionally wherein forming comprises introducing an exogenous nucleic acid encoding alipid
metabolism modulator, e.g., which increases the expression of an endogenous nucleic acid
encoding aLMM.

5. The method of any of claims 1-4, comprising a second modification that modul ates
lipid metabolism and wherein the second modification comprises a second exogenous nucleic
acid encoding a second LMM, e.g., aLMM different from the LMM of the first modification.

6. The method of claim 5, wherein:

i) the second exogenous nucleic acid and the first exogenous nucleic acid are disposed on
the same nucleic acid molecule, or

ii) the second exogenous nucleic acid and the first exogenous nucleic acid are disposed

on different nucleic acid molecules.
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7. The method of either of claims 5 or 6, wherein the second modification provides

increased production or improved quality of the product, as compared to a cell not having the

second modification.

8. The method of any of claims 5-7, comprising forming, in the cell, a second exogenous

nucleic acid encoding a second LMM or a second exogenous LMM, and optionally wherein

forming comprises introducing the second exogenous nucleic acid encoding asecond LMM, eg.,

which increases the expression of an endogenous nucleic acid encoding aLMM.

9. The method of any of claims 1-8, wherein modulating lipid metabolism comprises,

e.g., results in, atering one or more of the following (e.g., as compared with acell not having a

modification):
i)

Vi)

vii)

viii)

the expression (e.g., transcription and/or translation) of a component involved in a
lipid metabolism pathway;

the activity (eg., enzymatic activity) of a component involved in a lipid
metabolism pathway;

the amount of lipids (e.g., phospholipids, or cholesterol) present in acell;

the amount of lipid rafts or rate of lipid raft formation;

the fluidity, permeability, and/or thickness of a cell membrane (e.g., a plasma
membrane, avesicle membrane, or an organelle membrane);

the conversion of saturated lipids to unsaturated lipids or conversion of
unsaturated lipids to saturated lipids;

the amount of saturated lipids or unsaturated lipids, e.g., monounsaturated lipids;
the composition of lipids in the cell to attain a favorable composition that
increases ER activity;

the expansion of the ER (e.g., size of the ER, the ER membrane surface, or the
amounts of the proteins and lipids that constitute and/or reside within the ER);

the expansion of the Golgi (e.g., the number and size of the Golgi, the Golgi
surface, or the number or amounts of proteins and molecules that reside within the
Golgi);

85



10

15

20

25

30

35

WO 2017/191165 PCT/EP2017/060484

Xi) the amount of secretory vesicles or the formation of secretory vesicles,

xii)  the amount or rate of secretion of the product;

xiii)  the proliferation capacity, e.g., the proliferation rate;

xiv)  culture viability or cell survival;

Xxv)  activation of membrane receptors,

xvi)  the unfolded protein response (UPR);

xvii) theyield or rate of production of the product;

xviii) the product quality (e.g., aggregation, glycosylation heterogeneity, fragmentation,
proper folding or assembly, post-trandational modification, or disulfide bond
scrambling); and /or

xix)  cell growth/proliferation or cell specific growth rate.

10. The method of any of claims 1-9, wherein:

i) production of the product, e.g., recombinant polypeptide, isincreased by 1-fold, 2-fold,
5-fold, 10-fold, 20-fold, 50-fold, 100-fold, e.g., as compared to the level or quantity of product
produced by a cell without modulation of the lipid metabolism, or

i) the quality of the product, e.g., recombinant polypeptide, is increased, e.g., by 1-fold,
2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold, e.g., as compared to the quality of product
produced by a cell without modulation of the lipid metabolism.

11. The method of any of claims 1-10, wherein:

i) the modification results in modulating, e.g., increasing, the expression or activity of a
lipid metabolism gene product, e.g., alipid metabolism gene product selected from Table 1,

ii) the expression or activity of atranscription regulator, e.g., atranscription factor, that
modulates the expression of alipid metabolism gene product, e.g., alipid metabolism gene
product selected from Table 1, is upregulated by the modification, or

iii) both (i) and (ii).

12. The method of any of claims 1-1 1, wherein the lipid metabolism modulator

comprises:
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i) atranscription regulator, e.g., atranscription factor, that mediates, e.g., upregulates, the
expression of alipid metabolism gene product, e.g., alipid metabolism gene product selected
from Table 1; SREBFI; or SREBF2, or afunctional fragment or analog of any of the same, or

i) SCDI or afunctional fragment thereof.

13. The method of any of claims 1-12, wherein the modification results in modulating,
e.g., increasing, one or more of de novo lipogenesis, fatty acid re-esterification, fatty acid

saturation or desaturation, fatty acid elongation, and phospholipid biosynthesis.

14. The method of any of claims 1-13, wherein the LMM comprises an enzyme that
modulates, e.g., increases, the conversion of saturated to unsaturated, e.g., monounsaturated,
lipids, and optionally wherein the enzyme comprises SCDI, SCD2, SCD3, SCD4, or SCDI, or a
functional fragment or analog thereof.

15. The method of claim 11, wherein the modification comprises:

i) alipid metabolism gene product, e.g., alipid metabolism gene product selected from
Table 1, or afunctional fragment or analog thereof, or

ii) acis or trans regulatory element that increases the expression of anucleic acid that
encodes a lipid metabolism gene product, e.g., alipid metabolism gene product selected from
Table 1.

16. The method of claim 11, wherein the LMM comprises one or more gene products, or
functional fragments or analogs thereof, from:

i) the lipid biosynthesis (lipogenesis) pathway, e.g., a gene product selected from Table 1,

ii) the fatty acid re-esterification pathway, e.g., a gene product selected from Table 1,

iii) the phospholipid biosynthesis pathway, e.g., agene product selected from Table 1, or

iv) the fatty acid saturation or desaturation pathway, e.g., a gene product selected from
Table 1.

17. The method of claim 11, wherein the lipid metabolism modulator comprises:

87



10

15

20

25

30

WO 2017/191165 PCT/EP2017/060484

i) a least 60, 70, 80, 90, 95, 98, 99 or 100% identity with the amino acid sequence of
SREBHI; eg., SEQID NOs! or 34, or afunctiona fragment thereof, e.g., SEQ ID NOs: 26, 27,
or 36; or differsby 1, 2, or 3 or more amino acid residues but no more than 50, 40, 30, 20, 15, or
10 amino acid residues from the amino acid sequence of SREBFI, e.g., SEQ ID NOs: 1or 34, or
afunctional fragment thereof, or afunctional fragment thereof, e.g., SEQ ID NOs: 26, 27, or 36,
or

i) a least 60, 70, 80, 90, 95, 98, 99 or 100% identity with the amino acid sequence of
SCD1; eg., SEQ ID NO:3, or afunctional fragment thereof; or differsby 1, 2, or 3 or more
amino acid residues but no more than 50, 40, 30, 20, 15, or 10 amino acid residues from the

amino acid sequence of SCD1, e.g., SEQ ID NO: 3, or afunctiona fragment thereof.

18. The method of claim 11, wherein the nucleic acid encoding the lipid metabolism
modulator comprises a least 60, 70, 80, 90, 95, 98, 99 or 100% identity with any of the nucleic
acid sequences selected from SEQ ID NOs: 2, 4, or 32.

19. The method of any of claims 11-18, wherein the nucleic acid encoding the lipid
metabolism modulator comprises aplasmid or avector, and optionally wherein the nucleic acid
encoding the lipid metabolism modulator is introduced into the cell by transfection or

transduction.

20. The method of any of claims 11-19, wherein the nucleic acid encoding the lipid
metabolism modulator:

i) isintegrated into the chromosomal genome of the cell, and optionally wherein the
LMM is stably expressed, or

ii) is not integrated into the chromosomal genome of the cell, and optionally wherein the
LMM istransiently expressed.
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21.The method of any of claims 1-20, further comprising introducing to the cell an
exogenous nucleic acid encoding the product, e.g., polypeptide, e.g., recombinant polypeptide,
wherein:

i) the exogenous nucleic acid encoding the recombinant polypeptide isintroduced after
step i) or step ii), or

ii) the exogenous nucleic acid encoding the recombinant polypeptide is introduced prior

to step i) or step ii).

22. The method of claim 21, wherein the recombinant polypeptide is:

i) atherapeutic polypeptide,

ii) an antibody molecule, e.g., an antibody or an antibody fragment thereof, a monoclonal
antibody, or abispecific molecule, or

iii) selected from Table 2 or 3.

23. The method of either of claims 21 or 22, wherein the exogenous nucleic acid
encoding the recombinant polypeptide is:
i) integrated into the chromosomal genome of the cell, or

i) not integrated into the chromosomal genome of the cell.

24. The method of any of claims 1-23, wherein the cell is:
i) aeukaryotic cell, e.g., an animal cell, amammalian cell, ahuman cell, arodent cell, a
CHO cell, ayeast cell, an insect cell, or aplant cell, or

i) aprokaryotic cell.

25. The method of any of claims 1-24, wherein the cell is a selected from HelLa,
HEK293, H9, HepG2, MCF7, Jurkat, NIH3T3, PC12, PER.C6, BHK, VERO, SP2/0, NSO,
YB2/0, EB66, C127, L cell, COS, eg., COS1 and COS/, QCI-3, , CHO-K1, CHOKISV,
Potelligent CHOKISV (FUT8-K0O), CHO GS-KO, Exceed (CHOKISV GS-KO), CHO-S, CHO
DG44, CHO DXB11, CHOZN, or a CHO-derived cell.
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26. The method of any of claims 1-25, wherein the method further comprises introducing
amodification to the cell that improves ER processing capacity (ER expansion) or secretion,
optionally wherein improving ER processing capacity (ER expansion) comprises introducing a
nucleic acid encoding PD 1, BiP, ERO, or XBP1, and optionally wherein improving secretion
comprises modulating SNARE machinery, e.g., introducing anucleic acid encoding a SNARE

component.

27. The method of any of claims 1-26, further comprising one or more of the following:

i) obtaining from the cell, or a descendent of the cell, the polypeptide,

i) obtaining from medium conditioned by the cell, or a descendent of the cell, the
polypeptide,

i) separating the polypeptide from at least one cellular or medium component, or

iv) analyzing the polypeptide, e.g., for activity or for the presence of a structural moiety.

28. A method of engineering a cell having increased production capacity and/or improved
quality of production comprising introducing to the cell an exogenous nucleic acid encoding a
lipid metabolism modulator, thereby engineering a cell having increased production capacity
and/or improved quality of production.

29. The method of claim 28, wherein the exogenous nucleic acid encoding alipid
metabolism modulator isintroduced to the cell by transfection, transduction, e.g., viral
transduction, electroporation, nucleofection, or lipofection, and optionally wherein the
exogenous nucleic acid encoding alipid metabolism modulator is integrated into the

chromosomal genome of the cell.

30. The method of either of claims 28 or 29, further comprising introducing to the cell an
exogenous nucleic acid encoding arecombinant polypeptide, wherein the exogenous nucleic acid
encoding arecombinant polypeptide is introduced:

i) prior to introducing the exogenous nucleic acid encoding the LMM, or

ii) after introducing the exogenous nucleic acid encoding the LMM.
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31.The method of any of claims 28-30, wherein:

i) the production capacity, e.g., the amount of recombinant polypeptide produced, is
increased by 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold, e.g., as compared to the
production capacity of a cell without modulation of the lipid metabolism,

ii) the quality of production, e.g., the quality of the recombinant polypeptide, is increased
by, e.g., 1%, 5%, 10%, 15%,20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 70%, 75%,
80%, 85%, 90%, 85%, or 100%, or more, , e.g., as compared to the quality of production of a
cell without modulation of the lipid metabolism, or

iii) both (i) and (ii).

32. The method of any of claims 28-3 1, wherein the LMM s selected from a group
consisting of SREBF1, SREBF2, SCD1, SCD2, SCD3, SCD4, SCD5, and wherein the cell
produces aproduct, e.g., apolypeptide, e.g., recombinant polypeptide as provided in Table 2 or
3, or afunctional fragment thereof.

33. A cell produced by any of claims 28-32.

34. A cell comprising an exogenous nucleic acid encoding a lipid metabolism modulator
(LMM), optionally wherein the exogenous nucleic acid encoding alipid metabolism modulator

isintegrated into the chromosomal genome of the cell.

35. The cell of claim 34, wherein the cell is a eukaryotic cell, e.g. aCHO cell or ahuman
cdl.

36. The cell of either of claims 34 or 35, wherein the cell is selected from the group
consisting of CHO-KI, CHOKISV, Potelligent CHOKISV (FUT8-KO), CHO GS-KO, Exceed
(CHOKISV GS-KO), CHO-S, CHO DG44, CHO DXB1 1, CHOZN, or a CHO-derived cell.

37. The cell of claim 34, wherein the LMM modulates the expression of aproduct, e.g., a
Next generation biologic (NGB) described herein, e.g., abispecific antibody, afusion protein, or

aglycosylated protein.
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38. The engineered cell of claim 37, wherein the LMM is selected from a group
consisting of SREBFI, SREBF2, SCDI, SCD2, SCD3, SCD4, and SCD5, or afunctional

fragment thereof.

39. The engineered cell of claim 37, wherein the LMM alters one or more characteristics

of the cell selected from the group consisting of:

i)

Vi)

vii)

viii)

Xi)
Xii)
Xiii)
Xiv)
XV)

XVi)

the expression (e.g., transcription and/or translation) of a component involved in a
lipid metabolism pathway;

the activity (eg., enzymatic activity) of a component involved in a lipid
metabolism pathway;

the amount of lipids (e.g., phospholipids, or cholesterol) present in acell;

the amount of lipid rafts or rate of lipid raft formation;

the fluidity, permeability, and/or thickness of a cell membrane (e.g., a plasma
membrane, avesicle membrane, or an organelle membrane);

the conversion of saturated lipids to unsaturated lipids or conversion of
unsaturated lipids to saturated lipids;

the amount of saturated lipids or unsaturated lipids, e.g., monounsaturated lipids;
the composition of lipids in the cell to attain a favorable composition that
increases ER activity;

the expansion of the ER (e.g., size of the ER, the ER membrane surface, or the
amounts of the proteins and lipids that constitute and/or reside within the ER);

the expansion of the Golgi (e.g., the number and size of the Golgi, the Golgi
surface, or the number or amounts of proteins and molecules that reside within the
Golgi);

the amount of secretory vesicles or the formation of secretory vesicles,

the amount or rate of secretion of the product;

the proliferation capacity, e.g., the proliferation rate;

culture viability or cell survival;

activation of membrane receptors;

the unfolded protein response (UPR);
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xvii) theyield or rate of production of the product;

xviii) the product quality (e.g., aggregation, glycosylation heterogeneity, fragmentation,
proper folding or assembly, post-trandational modification, or disulfide bond
scrambling); and /or

xix)  cell growth/proliferation or cell specific growth rate.

40. The engineered cell of any of claims 37-39, wherein the cell is selected from a group
consisting of:

i) aeukaryotic cell, e.qg., aCHO cell selected from the group consisting of CHO-K 1,
CHOKISV, Potelligent CHOKISV (FUT8-KO), CHO GS-KO, Exceed (CHOKISV GS-KO),
CHO-S, CHO DG44, CHO DXB1 1, CHOZN, or a CHO-derived cell,

ii) aprokaryotic cell,

iii) an insect cell,

iv) aplant cell,

v) ayeast cell, or

vi) an algae cell.

41.A CHO cell engineered to express a lipid metabolism modulator (LMM), wherein the
LMM modulates one or more characteristics of the CHO cell, wherein the engineered CHO cell
is selected based on modulation of one or more characteristics selected from the group consisting
of:
i) the expression (e.g., transcription and/or translation) of a component involved in a
lipid metabolism pathway;
i) the activity (eg., enzymatic activity) of a component involved in a lipid
metabolism pathway;
iii) the amount of lipids (e.g., phospholipids, or cholesterol) present in acell;
iv) the amount of lipid rafts or rate of lipid raft formation;
V) the fluidity, permeability, and/or thickness of a cell membrane (e.g., a plasma
membrane, avesicle membrane, or an organelle membrane);
Vi) the conversion of saturated lipids to unsaturated lipids or conversion of
unsaturated lipids to saturated lipids;
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vii)

viii)

Xi)
Xii)
Xiii)
Xiv)
XV)
XVi)

XVii)

XViii)

XiX)

the amount of saturated lipids or unsaturated lipids, e.g., monounsaturated lipids;
the composition of lipids in the cell to attain a favorable composition that
increases ER activity;

the expansion of the ER (e.g., size of the ER, the ER membrane surface, or the
amounts of the proteins and lipids that constitute and/or reside within the ER);

the expansion of the Golgi (e.g., the number and size of the Golgi, the Golgi
surface, or the number or amounts of proteins and molecules that reside within the
Golgi);

the amount of secretory vesicles or the formation of secretory vesicles,

the amount or rate of secretion of the product;

the proliferation capacity, e.g., the proliferation rate;

culture viability or cell survival;

activation of membrane receptors,

the unfolded protein response (UPR);

the yield or rate of production, e.g., expression level, of the product, e.g., aNext
generation biologic (NGB), eg., a bispecific antibody; a fusion protein; or a
glycosylated protein;

the product quality (e.g., aggregation, glycosylation heterogeneity, fragmentation,
proper folding or assembly, post-trandlational modification, or disulfide bond
scrambling); and /or

cell growth/proliferation or cell specific growth rate.

42. The engineered CHO cell of claim 4 1, wherein the LMM s selected from a group
consisting of SREBFI, SREBF2, SCDI, SCD2, SCD3, SCD4, and SCD5, or afunctional

fragment thereof.

43. The engineered CHO cell of claim 41, wherein the product, e.g., NGB, is selected

from a group consisting of abispecific antibody molecule, afusion protein, and a glycosylated

protein.
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44. The engineered CHO cell of claim 4 1, wherein the CHO cell is selected from the
group consisting of CHO-KI, CHOKISV, Potelligent CHOKISV (FUT8-KO), CHO GS-KO,
Exceed (CHOKISV GS-KO), CHO-S, CHO DG44, CHO DXBI 1, CHOZN, or a CHO-derived
cell.
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