wo 2011/109600 A1 I 10K 0O

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

Co o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization i 1IN NP 00 AT V)00 10O O
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
9 September 2011 (09.09.2011) PCT WO 2011/109600 A1
(51) International Patent Classification: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
CI12P 19/00 (2006.01) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. .. ) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(21) International Application Number: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
PCT/US2011/026994 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.
3 March 2011 (03.03.2011) (84) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of regional protection available). ARIPO (BW, GH,
L . GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(26) Publication Language: English ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(30) Priority Data: TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
61/310,889 5 March 2010 (05.03.2010) US EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(71) Applicant (for all designated States except US): ALNY- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
LAM PHARMACEUTICALS, INC.; 300 Third Street, GW, ML, MR, NE, SN, TD, TG).
Third Floor, Cambridge, MA 02142 (US).
Declarations under Rule 4.17:
(72) Inventor; and . ; , B
(75) Inventor/Applicant (for US only): ROSSOMANDO, as mt “lipzc‘l’”f;”?”emem to apply for and be granted
Anthony [US/US]; c/o Alnylam Pharmaceuticals, Inc., a patent (Rule 4.17(i1))
300 Third Street, Third Floor, Cambridge, MA 02142 — as to the applicant’s entitlement to claim the priority of
(US). the earlier application (Rule 4.17(iii))
(74) Agents: WARD, Donna, T. et al.; DT Ward, P.C., 292 Published:
Main Street, Suite 2, Groton, MA 01430 (US). —  with international search report (Art. 21(3))
(81) Designated States (unless otherwise indicated, for every __ before the expiration of the time limit for amending the

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: COMPOSITIONS AND METHODS FOR MODIFYING THE GLYCOSYLATION PATTERN OF A POLYPEP-
TIDE

(57) Abstract: Provided herein are methods and compositions for expressing a modified polypeptide in a host cell, wherein the
modified polypeptide comprises a terminal mannose at an N-linked glycosylation site of the polypeptide. The methods and com-
positions used herein involve the use of RNA effector molecules (e.g., siRNA, dsRNA etc) administered to a host cell to modify
the expression of target genes involved in protein glycosylation (e.g., Mgatl, Mgat4, SLC35A1, SLC35A2 or GNE).



WO 2011/109600 PCT/US2011/026994

COMPOSITIONS AND METHODS FOR MODIFYING THE GLYCOSYLATION PATTERN OF
A POLYPEPTIDE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit under 35 U.S.C. § 119(e) of the U.S. Provisional Application No.
61/310,889 filed on March 5, 2010, the content of which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The field of the invention relates to production of a polypeptide having a modified glycosylation

pattern in a host cell.
BACKGROUND

[0003] The lysosomal storage diseases are a group of inherited metabolic disorders that result from a
lysosomal enzyme defect that causes accumulation of a metabolic substrate of the enzyme. For example,
Gaucher's disease is caused by a reduction of glucocerebrosidase activity resulting in the accumulation of
glucocerebrosides primarily in mononuclear cells. Symptoms from Gaucher's disease can range from mild
to severe and can include enlarged spleen and liver, neurologic complications, lymph node swelling,

anemia, skeletal disorders and bone lesions.

[0004] Enzyme replacement therapy has been used successfully to manage symptoms of Gaucher's
disease and other lysosomal storage diseases such as e.g., Pompe disease and Fabry's disease. Although
enzyme replacement therapy is not a cure, such treatments can effectively manage the disorder when
administered on a regular basis. In the case of Gaucher's disease, intravenous recombinant
glucocerebrosidase administered to patients decreases liver and spleen size, reduces skeletal

abnormalities, and reverses other manifestations.

SUMMARY OF THE INVENTION

[0005] The methods and compositions described herein are based, in part, on the discovery that the
mannosylation pattern of an expressed polypeptide can be modified in a host cell during production of the
polypeptide using RNA effector molecules. For example, the methods and compositions provided herein
permit modification of a glycosylation chain at an N-linked glycosylation site of a polypeptide, such that

the polypeptide comprises at least one terminal mannose.
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[0006] Provided herein are methods for producing a polypeptide with a modified glycosylation pattern at
an N-linked glycosylation site, comprising the steps of (a) culturing a cell comprising a polypeptide to be
modified in the presence of at least one RNA effector molecule that inhibits expression of a gene product
involved in protein glycosylation such that at least one polypeptide N-linked glycosylation site is
modified to have a terminal mannose, and the cell is cultured under conditions permitting glycosylation
and for a sufficient time to allow expression of the polypeptide to be modified; and (b) isolating the
polypeptide, wherein the polypeptide produced comprises a terminal mannose in at least one N- linked
glycosylation site, thereby producing a polypeptide with a modified glycosylation pattern. The method
can be further modified to inhibit expression of the mannose 6 phosphate receptor, which prevents
accumulation of the polypeptide product in lysosomes and in one embodiment permits secretion of the
polypeptide from the cell during the production process.

[0007] Alternatively, provided herein are methods for producing a polypeptide with a modified
glycosylation pattern at an N-linked glycosylation site, comprising the steps of culturing a cell comprising
a polypeptide to be modified in the presence of at least one RNA effector molecule that inhibits
expression of a gene product involved in protein glycosylation such that at least one polypeptide N-linked
glycosylation site is modified to have a terminal mannose, and the cell is cultured under conditions
permitting glycosylation and for a sufficient time to allow expression of the polypeptide to be modified,
wherein the polypeptide comprises a terminal mannose at the at least one N-linked glycosylation site.
[0008] In some embodiments, a plurality of N-linked glycosylation sites on a polypeptide produced by
this method are modified (e.g., 2, 3, 4, 5, 6, 7, 8, 9). For example, glucocercbrosidase comprises 4 N-
linked glycosylation sites and 1, 2, 3, or 4 of the sites can be modified to comprise a terminal mannose.
[0009] In one embodiment, the modified N-linked glycosylation site comprises an oligomannosyl
structure, such as e.g., Man,GIcNAc,, Man;GlcNAc,;, ManyGlcNAc,, Mans GIcNAc,, MangGlcNAc,,
Man,;GlcNAc,, MangGlcNAc,, and MangGlcNACc,.

[0010] In some embodiments, the polypeptide comprises 2, 3, 4, 5, 6, 7, 8, or 9 terminal mannoses in the
at least one N-linked glycosylation site.

[0011] The methods and compositions described herein permit inhibition of expression of a gene product
involved in glycosylation from a target gene such as e.g., Mgatl, Mgat4 (e.g., Mgat4A and Mgat 4B),
SLC35A1, SLLC35A2, and GNE by an RNA effector molecule (e.g., an siRNA). Exemplary RNA effector
molecules targeting these genes are found herein in Tables 2-24. In some embodiments, two or more
RNA effector molecules are cultured with the host cell. In one embodiment, the RNA effector molecule is
added to the culture medium of the host cell. In another embodiment the RNA effector molecule is
administered in a composition comprising a reagent that facilitates RNA effector molecule uptake into the

host cell.
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[0012] In one embodiment, the RNA effector molecule is administered by means of a continuous
infusion into the culture medium. Alternatively, the RNA effector molecule is administered to the culture
medium in a discrete dose. Such doses can be given once or repeated throughout the production of the
polypeptide (e.g., at a frequency of 6h, 12h, 24h, 36h, 48h, 72h, 84h, 96h, or 108h). In one embodiment,
the RNA effector molecule administration is repeated at least three times. While the dosage of a particular
RNA effector molecule can be determined by one of skill in the art, an RNA effector molecule will
typically be added at a concentration of approximately 0.1nM, 0.5nM, 0.75nM, 1nM, 2nM, 5nM, 10nM,
20nM, 30nM, 40nM, 50nM, 60nM, or any integer therebetween. Alternatively, the RNA effector
molecule is added at an amount of 50 molecules per cell, 100 molecules per cell, 200 molecules per cell,
300 molecules per cell, 400 molecules per cell, 500 molecules per cell, 600 molecules per cell, 700
molecules per cell, 800 molecules per cell, 900 molecules per cell, 1000 molecules per cell, 2000
molecules per cell, or 5000 molecules per cell. In another embodiment, the RNA effector molecule is
added at a concentration selected from the group consisting of: 0.01 fmol /10° cells, 0.1 fmol /10° cells,
0.5 fmol /10° cells, 0.75 fmol /10° cells, 1 fmol /10° cells, 2 fmol /10° cells, 5 fmol /10° cells, 10 fmol /10°
cells, 20 fmol /10° cells, 30 fmol /10° cells, 40 fmol /10° cells, 50 fmol /10° cells, 60 fmol /10° cells, 100
fmol /10° cells, 200 fmol /10° cells, 300 fmol /10° cells, 400 fmol /10° cells, 500 fmol /10° cells, 700
fmol/10° cells, 800 fmol/10° cells, 900 fmol/10° cells, and 1 pmol/10° cells.

[0013] In one embodiment, the methods and compositions described herein permit the production of a
polypeptide capable of binding a mannose receptor present on macrophages.

[0014] In one embodiment, the polypeptide is further modified enzymatically to remove remaining or
unwanted glycosylation groups. In another embodiment, the polypeptide is not modified enzymatically to
contain the terminal mannose.

[0015] In some embodiments, the polypeptide is used in treatment of a lysosomal storage disease (e.g.,
glucocerebrosidase, idursulfase, alglucosidase alfa, galsulfase, agalsidase beta, and laronidase). In one
embodiment, the polypeptide comprises a mutation. For example, a commonly used glucocerebrosidase
mutant comprises an arginine to histidine mutation at amino acid 495, which enhances the uptake of
glucocerebrosidase by mononuclear cells.

[0016] Also provided herein are isolated polypeptide compositions comprising a modified mannosylation
pattern produced by a method comprising the steps of (a) culturing a cell comprising a polypeptide to be
modified in the presence of at least one RNA effector molecule that inhibits expression of a gene product
involved in protein glycosylation such that at least one polypeptide N-linked glycosylation site is
modified to have a terminal mannose, and the cell is cultured under conditions permitting glycosylation

and for a sufficient time to allow expression of the polypeptide to be modified; and (b) isolating the
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polypeptide, wherein the polypeptide comprises a terminal mannose at the at least one N-linked
glycosylation site.

[0017] In some embodiments, the polypeptide lacks a mannose phosphate group and/or has a reduced
affinity for the mannose 6 phosphate receptor.

[0018] In one embodiment, the polypeptide is glucocerebrosidase. In one embodiment, the
glucocerebrosidase polypeptide comprises an arginine to histidine mutation at amino acid 495.

[0019] Provided herein are isolated mammalian host cells, in which the mRNA expression of a target
gene selected from the group consisting of: Mgatl, Mgat4, SLLC35A1, SLC35A2, and GNE is inhibited
by RNA interference, wherein when a gene encoding a polypeptide is introduced into the host cell and
expressed, the host cell produces a polypeptide comprising the encoded polypeptide molecule which
contains a terminal mannose in at least one glycosylation chain (e.g., N-linked glycosylation chain), said
polypeptide having increased affinity for the mannose receptor when compared with the polypeptide
produced in the presence of Mgatl, Mgat4, SLLC35A1, SLC35A2, or GNE expression, thereby producing
a polypeptide with increased macrophage internalization.

[0020] In one embodiment, the cell is a CHO cell or a CHO cell derivative (e.g., CHO-DG44 cells). In
some embodiments, the host cell(s) are cultured in suspension or in a bioreactor. In some embodiments,
the cell is cultured in a volume selected from the group consisting of 0.1L, 0.5L, 1L, 5L, 40L, 500L,
5000L, and 50,000L.

[0021] In one embodiment, the mRNA expression of the target gene is transiently inhibited (e.g., by
contacting the cell with at least one RNA effector molecule in a composition comprising a reagent that
facilitates RNA effector molecule uptake into the cell). In one embodiment, a plurality of RNA effector
molecules are cultured with the cell (e.g., two or more).

[0022] In one embodiment, mRNA expression of the target gene is inhibited in the host cell by
continuous infusion of at least one RNA effector molecule into a culture medium used for maintaining the
cell to produce the polypeptide.

[0023] In one embodiment, the continuous infusion is administered at a rate to achieve a desired average
percent inhibition for the at least one target gene. In one embodiment, the RNA effector moelcule is
continuously infused as an admixture comprising a reagent that facilitates RNA effector molecule uptake
into the cells (e.g., an emulsion, a liposome, a cationic lipid, a non-cationic lipid, an anionic lipid, a
charged lipid, a penetration enhancer, or a transfection reagent).

[0024] In another embodiment, the addition of the RNA effector molecule is repeated throughout the
production of the polypeptide.

[0025] In another embodiment, the addition of the RNA effector molecule is repeated at a frequency
selected from the group consisting of: 6h, 12h, 24h, 36h, 48h, 72h, 84h, 96h, and 108h.
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[0026] In another embodiment, the addition of the RNA effector molecule is repeated at least three times.
[0027] In another embodiment, the at least one RNA effector molecule is added at a concentration
selected from the group consisting of 0.1nM, 0.5nM, 0.75nM, 1nM, 2nM, 5nM, 10nM, 20nM, 30nM,
40nM, 50nM, and 60nM.

[0028] In another embodiment, the at least one RNA effector molecule is added at an amount of 50
molecules per cell, 100 molecules per cell, 200 molecules per cell, 300 molecules per cell, 400 molecules
per cell, 500 molecules per cell, 600 molecules per cell, 700 molecules per cell, 800 molecules per cell,
900 molecules per cell, 1000 molecules per cell, 2000 molecules per cell, or 5000 molecules per cell.
[0029] In another embodiment, the at least one RNA effector molecule is added at a concentration
selected from the group consisting of: 0.01 fmol /10° cells, 0.1 fmol /10° cells, 0.5 fmol /10° cells, 0.75
fmol /10° cells, 1 fmol /10° cells, 2 fmol /10° cells, 5 fmol /10° cells, 10 fmol /10° cells, 20 fmol /10° cells,
30 fmol /10° cells, 40 fmol /10° cells, 50 fmol /10° cells, 60 fmol /10° cells, 100 fmol /10° cells, 200 fmol
/10° cells, 300 fmol /10° cells, 400 fmol /10° cells, 500 fmol /10° cells, 700 fmol/10° cells, 800 fmol/10°
cells, 900 fmol/10° cells, and 1 pmol/10° cells.

[0030] Also described herein are composition(s) comprising at least one RNA effector molecule
comprising a nucleic acid sequence complementary to at least one target gene of a host cell, wherein the
RNA effector molecule is capable of modulating mannosylation patterns at an N-linked glycosylation site
of a polypeptide produced in the host cell, and wherein the target gene is selected from the group
consisting of: Mgatl, Mgat4, SLC35A1, SLC35A2, and GNE.

[0031] In some embodiments, the RNA effector molecule comprises a duplex region. In other
embodiments, the RNA effector molecules are 15-30 or 17-28 nucleotides in length. The RNA effector
molecule can further comprise a modified nucleotide, if so desired. In one embodiment, the RNA effector
molecule comprises a sequence selected from the group consisting of sequences provided herein in Tables
2-24.

[0032] Also provided herein are kits for producing a polypeptide comprising at least one terminal
mannose at an N-linked glycosylation site, the kit comprising: (a) at least one RNA effector molecule that
inhibits a gene product involved in protein glycosylation in an admixture with a host cell; and (b)
instructions and packaging materials therefor.

[0033] In some embodiments, the kit provides RNA effector molecules that target hamster Mgat1, Mgat4,
SLC35A1, SLC35A2, or GNE, such as those found in Tables 2-6 herein. In other embodiments, the kit
provides RNA effector molecules for human Mgatl, Mgat4, SLC35A1, SLC35A2, or GNE, such as those
found in Tables 7-10, 20, and 23 herein. In other embodiments, the kit provides RNA effector molecules
for mouse Mgatl, Mgat4, SLC35A1, SLC35A2, or GNE, such as those found in Tables 11-14, 21, and 24
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herein. In other embodiments, the kit provides RNA effector molecules for rat Mgatl, Mgat4, SLC35A1,
SLLC35A2, or GNE, such as those found in Tables 15-19, and 22, herein.

[0034] The kit can further comprise a cell medium for culturing the host cell or a variety of expression
vectors useful for expressing a polypeptide in the host cell (e.g., mammalian cell).

[0035] In one embodiment, the RNA effector molecule is provided as a composition comprising an RNA
effector molecule and a reagent that facilitates RNA effector molecule uptake into a cell.

[0036] The kit can further comprise RNA effector molecules that activate expression of the target gene
(i.e., RNA activation or RNAa).

[0037] In one embodiment, the kit further comprises an agent that facilitates RNA effector uptake into a
cell.

[0038] Another aspect described herein relates to an isolated polypeptide that comprises a terminal
mannose in at least one N-linked glycosylation site, wherein the glycosylation pattern of the isolated
polypeptide has not been modified enzymatically to contain the terminal mannose. In one embodiment,
the polypeptide is glucocerebrosidase.

[0039] Also described herein are compositions comprising a dsSRNA for inhibiting expression of at least
one hamster target gene selected from the group consisting of: Mgatl, Mgat4, SLC35A1, SLLC35A2, and
GNE, the dsSRNA comprising (a) a sense strand comprising a sequence selected from the group consisting
of: SEQ ID NO. 1-33, SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and SEQ ID NO.
257-282; and (b) a complementary anti-sense strand comprising a sequence selected from the group
consisting of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-256 and
SEQ ID NO. 283-308. In one embodiment, such compositions further comprise a reagent that facilitates
uptake of a dsSRNA into a cell, for example, an emulsion, a liposome, a cationic or non-cationic lipid, an
anionic lipid, a penetration enhancer, a transfection reagent, or a chemical linkage that attaches a ligand,
peptide group, a lipophillic group, a targeting moiety etc. Such reagents that facilitate uptake of an RNA
effector molecule into a cell are described herein throughout the detailed description.

[0040] Also described herein are compositions comprising a dsSRNA for inhibiting expression of at least
one human target gene selected from the group consisting of: Mgatl, Mgat4A, Mgat4B, SLC35A1,
SLC35A2, and GNE, the dsRNA comprising (a) a sense strand comprising a sequence selected from the
group consisting of: SEQ ID NO. 310-336, SEQ ID NO. 365-385, SEQ ID NO. 408-435, SEQ ID NO.
465-489, SEQ ID NO. 969-994 and SEQ ID NO. 1116-1141; and (b) a complementary anti-sense strand
comprising a sequence selected from the group consisting of SEQ ID NO. 337-363, SEQ ID NO. 386-406,
SEQ ID NO. 436-463, SEQ ID NO. 490-514, SEQ ID NO. 995-1020 and SEQ ID NO. 1142-1167. In one
embodiment, such compositions further comprise a reagent that facilitates uptake of a dsRNA into a cell,

for example, an emulsion, a cationic lipid, a non-cationic lipid, a charged lipid, a liposome, an anionic
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lipid, a penetration enhancer, a transfection reagent or a modification to the RNA effector molecule to
attach e.g., a ligand, a targeting moiety, a peptide, a lipophillic group etc.

[0041] Also described herein are compositions comprising a dsSRNA for inhibiting expression of at least
one mouse target gene selected from the group consisting of: Mgatl, Mgat4A, Mgat4B, SLC35A1,
SLC35A2, and GNE, the dsRNA comprising (a) a sense strand comprising a sequence selected from the
group consisting of: SEQ ID NO. 516-541, SEQ ID NO. 569-595, SEQ ID NO. 624-644, SEQ ID NO.
667-695, SEQ ID NO. 1022-1042 and SEQ ID NO. 1169-1196; and (b) a complementary anti-sense
strand comprising a sequence selected from the group consisting of SEQ ID NO. 542-567, SEQ ID NO.
596-622, SEQ ID NO. 645- 665, SEQ ID NO. 696-724, SEQ ID NO. 1043-1063, and SEQ ID NO. 1197-
1224. In one embodiment, such compositions further comprise a reagent that facilitates uptake of a
dsRNA into a cell, for example, an emulsion, a cationic lipid, a non-cationic lipid, a charged lipid, a
liposome, an anionic lipid, a penetration enhancer, a transfection reagent or a modification to the RNA
effector molecule to attach e.g., a ligand, a targeting moiety, a peptide, a lipophillic group etc.

[0042] Also described herein are compositions comprising a dsSRNA for inhibiting expression of at least
one rat target gene selected from the group consisting of: Mgatl, Mgat4A, Mgat4B, SLC35A1, SLC35A2,
and GNE, the dsRNA comprising (a) a sense strand comprising a sequence selected from the group
consisting of: SEQ ID NO.726-751, SEQ ID NO. 779-802, SEQ ID NO. 828-849, SEQ ID NO. 873-894,
SEQ ID NO. 918-942, and SEQ ID NO. 1065-1089; and (b) a complementary anti-sense strand
comprising a sequence selected from the group consisting of SEQ ID NO. 752-777, SEQ ID NO. 803-826,
SEQ ID NO. 850-871, SEQ ID NO. 895-916, SEQ ID NO. 943-967, and SEQ ID NO. 1090-1114. In one
embodiment, such compositions further comprise a reagent that facilitates uptake of a dsRNA into a cell,
for example, an emulsion, a cationic lipid, a non-cationic lipid, a charged lipid, a liposome, an anionic
lipid, a penetration enhancer, a transfection reagent or a modification to the RNA effector molecule to

attach e.g., a ligand, a targeting moiety, a peptide, a lipophillic group etc.

Definitions

[0043] For convenience, the meaning of certain terms and phrases used in the specification, examples,
and appended claims, are provided below. If there is an apparent discrepancy between the usage of a term
in other parts of this specification and its definition provided in this section, the definition in this section

shall prevail.

[0044] “G,” “C,” “A,” “T” and “U” each generally stand for a nucleotide that contains guanine, cytosine,

adenine, thymine and uracil as a base, respectively. However, it will be understood that the term

29

“deoxyribonucleotide,” “ribonucleotide,” or “nucleotide” can also refer to a modified nucleotide, as
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further detailed below, or a surrogate replacement moiety. The skilled person is well aware that a
ribonucleotide comprising a thymine base is also referred to as 5-methyl uridine and a
deoxyribonucleotide comprising a uracil base is also referred to as deoxy-Uridine in the art. The skilled
person is also well aware that guanine, cytosine, adenine, thymine and uracil can be replaced by other
moieties without substantially altering the base pairing properties of an oligonucleotide comprising a
nucleotide bearing such replacement moiety. For example, without limitation, a nucleotide comprising
inosine as its base can base pair with nucleotides containing adenine, cytosine, or uracil. Hence,
nucleotides containing uracil, guanine, or adenine can be replaced in the nucleotide sequences of dsSRNA
featured in the invention by a nucleotide containing, for example, inosine. In another example, adenine
and cytosine anywhere in the oligonucleotide can be replaced with guanine and uracil, respectively to
form G-U Wobble base pairing with the target mRNA. Sequences containing such replacement moieties

are suitable for the compositions and methods featured in the invention.

[0045] As used herein the term "lysosomal storage disease” refers to a metabolic disorder that results
from a defect in lysosomal function. Some non-limiting examples of lyosomal storage diseases include
Gaucher's disease, Tay Sachs disease, Fabry's disease, Pompe disease, Sandhoff disease, Wolman disease,
Salla disease, Alpha-N-acetylgalactosaminidase deficiency, Neuronal Ceroid Lipofuscinoses, Niemann-
Pick Disease, Mucopolysaccharidoses disorders, Krabbe disease, and Farber disease. In one embodiment,
the lysosomal storage disease is Gaucher's disease, which results from a hereditary defect in the

glucocerebrosidase enzyme.

[0046] As used herein, the term "cell comprising a polypeptide to be modified" encompasses a cell that
expresses a polypeptide to be modified either endogenously (e.g., a polypeptide native to the cell) or
exogenously (e.g., a polypeptide expressed in the cell). In its simplest form, the "cell comprising a
polypeptide to be modified" refers to a cell that is capable of producing the polypeptide in the absence of
a transgene. Alternatively, the cell can be engineered to express a polypeptide to be modified, using
methods and expression systems known to those of skill in the art. In one embodiment, the cell is
engineered by administration of a transgene that expresses the polypeptide to be modified. A transgene
can be administered by any means known in the art including e.g., vectors, plasmids, viral vectors,
incorporation of a transgene into the genome of the host cell. The transgene can be under the control of an
inducible promoter. If desired, the cell is treated to enhance the expression of a polypeptide (e.g., native
or exogenously expressed) using e.g., means of RNA activation such as RNA duplexes targeting the

promoter region of the polypeptide.

[0047] As used herein the term "polypeptide to be modified" refers to an endogenous polypeptide of the

host cell or an exogenous polypeptide expressed in the host cell. In some embodiments, the polypeptide is
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mutated compared to the wildtype polypeptide endogenous to the host cell. In some embodiments, the
polypeptide is a lysosomally targeted polypeptide (i.e., a polypeptide ordinarily targeted to the lysosome)
and the host cell is a mammalian cell. In one embodiment, the polypeptide is a polypeptide modified to be
taken up by macrophages. In one embodiment, the polypeptide is useful for treating a lysosomal storage
disease. Non-limiting examples of polypeptides that can be produced according to methods provided
herein include glucocerebrosidase, idursulfase, alglucosidase alfa, galsulfase, agalsidase beta, and
laronidase. As used herein, the term polypeptide encompasses glycoproteins or other polypeptides which
have undergone post-translational modification, such as deamidation, glycation, and the like. In one
embodiment, post-translational modification of the polypeptide is modified using the methods and
compositions described herein. In one embodiment, the polypeptide is modified to include a terminal
mannose in at least one glycosylation chain. In one embodiment, the polypeptide is enzymatically active

(e.g., glucocerebrosidase hydrolyzes a glucocerebroside).

[0048] As used herein, the term "modified glycosylation pattern” refers to the presence of a different
glycan chain at an N-linked glycosylation site of a protein when the polypeptide is produced in a cell
cultured in the presence of an RNA effector molecule (as described herein) as compared to the glycan
chain at the same N-glycosylation site on the polypeptide produced in a cell cultured in the absence of

such an RNA effector molecule.

[0049] As used herein, the term "terminal mannose” refers to a mannose at the terminus of a branch of a
glycosylation chain at an N-glycosylation site of a polypeptide. A single N-linked glycosylation site can
comprise a glycosylation chain having several different branch points (e.g., 1, 2, 3,4, 5,6,7, 8,9, 10, 11,
12, etc.) resulting in a plurality of "branches". The terminus of each branch comprises a terminal group
(e.g., mannose, galactose, N-acetylglucosamine, sialic acid etc). Thus, the term "terminal mannose" refers
to a mannose at the terminus of a single branch. However, a single glycosylation chain can comprise a
plurality of terminal mannoses at the end of a plurality of glycosylation branches. As used herein, the
term "plurality of terminal mannoses” refers to at least two terminal mannoses at an N-linked
glycosylation site e.g., 3,4, 5, 6,7, 8,9, 10, 11, 12, or more terminal mannoses. The term "terminal
mannose" also encompasses the presence of other terminal groups (e.g., galactose, N-acetylglucosamine,
sialic acid etc) at the termini of the other glycosylation branches and is referred to herein as a "hybrid
oligosaccharide.” In one embodiment, all of the branches of a glycosylation chain at an N-linked
glycosylation site have a terminal mannose and is also referred to herein as an "oligomannosyl structure,”
"high mannose structure” or "oligomannose." The oligomannosyl structure can have 2, 3,4, 5,6,7, 8,9,
or more mannose residues in the glycan chain (e.g., not all mannoses in the chain are terminal mannoses).

In one embodiment, the "terminal mannose" is exposed (e.g., the mannose residue is positioned such that
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it is able to bind to a mannose receptor). One of skill in the art can determine the presence of an exposed
terminal mannose by treating the polypeptide with a mannosidase to remove the mannose groups and
comparing to a glycosylated form of the polypeptide e.g., that lacks a terminal mannose group.
Alternatively, one can determine if at least one terminal mannose is exposed by detecting binding of the

modified polypeptide to a mannose receptor using e.g., radioligand binding assays.

[0050] As used herein, the term "modified to have a terminal mannose” refers to the modification of a
polypeptide to comprise a terminal mannose at an N-linked glycosylation site when the polypeptide is
produced in a cell cultured in the presence of an RNA effector molecule as compared to the glycan chain
(lacking a terminal mannose) at the same N-linked glycosylation site on the polypeptide produced in the

cell cultured in the absence of such an RNA effector molecule.

[0051] As used herein the term "N-linked glycosylation site" or "N-glycan site” are used interchangeably
to refer to a site comprising a sequon (e.g., amino acid consensus sequence) that permits the addition of
an N-linked glycan to the nitrogen group of an asparagine amino acid residue of a polypeptide. In one
embodiment, the sequon comprises Asn-X-Ser, wherein X is any amino acid except proline. In another

embodiment, the sequon comprises Asn-X-Thr, wherein X is any amino acid except proline.

[0052] As used herein, the term "at least one N-linked glycosylation site” refers to at least one, at least
two, at least three, at least four, at least five, at least 6, at least 7, at least &, at least 9, at least 10, at least
11, at least 12, or more N-linked glycosylation sites on a polypeptide. In one embodiment, the N-linked
glycosylation site(s) is/are endogenous to the polypeptide. In one embodiment, the polypeptide is

engineered to contain the N-linked glycosylation site(s).

[0053] A “host cell,” as used herein, is any eukaryotic cell capable of being grown and maintained in cell
culture under conditions allowing for production and recovery of useful quantities of a polypeptide, as
defined herein. Host cells can be unmodified cells or cell lines, or cell lines which have been genetically
modified (e.g., to facilitate production of a polypeptide or biological product). In some embodiments, the
host cell is a cell line that has been modified to allow for growth under desired conditions, such as in
serum-free media, in cell suspension culture, or in adherent cell culture. In other embodiments, the host
cell can be selected from the group consisting of a plant cell, a fungal cell, an insect cell and a mammalian

cell. In some embodiments, the host cell is a mammalian cell.

[0054] As used herein, the phrase "conditions permitting glycosylation” refers to cell culture conditions
that allow glycosylation of the expressed polypeptide in the absence of an RNA effector molecule as
described herein. Typically, mammalian cells produce glycosylated proteins under the same conditions or

similar conditions that allow expression of an endogenous polypeptide. One of skill in the art can easily
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determine appropriate conditions that allow polypeptide expression and glycosylation by modifying e.g.,
temperature, pH, pO,, CO, level, humidity etc.. In general, these conditions will also be used to generate a
modified polypeptide having a terminal mannose using an RNA effector molecule as described herein.
However, one of skill in the art can modify the conditions to enhance modification of the polypeptide, if

so desired.

[0055] As used herein, the term “RNA effector molecule” refers to an oligonucleotide capable of
modulating the expression of a target gene, as defined herein, within a host cell, or a polynucleotide agent
capable of forming an oligonucleotide that can modulate the expression of a target gene upon being
introduced into a host cell. As used herein, the phrase "in the presence of at least one RNA effector
molecule" encompasses exposure of the cell to an RNA effector molecule expressed within the cell, e.g.,
shRNA, or exposure by exogenous addition of the RNA effector molecule to the cell, e.g., delivery of the
RNA effector molecule to the cell, optionally using an agent that facilitates uptake into the cell. A portion
of an RNA effector molecule is substantially complementary to at least a portion of the target gene RNA,
such as the coding region, the promoter region and the 3’ untranslated region (3’-UTR) of the target gene

RNA.

[0056] In the context of this invention, the term “oligonucleotide” refers to a polymer or oligomer of
nucleotide or nucleoside monomers comprising naturally occurring bases sugars and intersugar
(backbone) linkages. The term “oligonucleotide” also includes polymers or oligomers comprising non-
naturally occurring monomers, or portions thereof, which function similarly. Such modified or
substituted oligonucleotides are often preferred over native forms because of properties such as, for

example, enhanced cellular uptake, increased stability in the presence of nucleases, and the like.

[0057] Double-stranded and single-stranded oligonucleotides that are effective in inducing RNA
interference are also referred to as siRNA, RNAI agent, or iRNA agent, herein. These RNA interference
inducing oligonucleotides associate with a cytoplasmic multi-protein complex known as RNAi-induced
silencing complex (RISC). Without wishing to be bound by theory, RNA interference leads to
Argonaute-mediated post-transcriptional cleavage of target gene mRNA transcripts. In many
embodiments, single-stranded and double-stranded RNAI agents are sufficiently long that they can be
cleaved by an endogenous molecule, e.g. by Dicer, to produce smaller oligonucleotides that can enter the

RISC machinery and participate in RISC mediated cleavage of a target sequence, e.g. a target mRNA.

[0058] As used herein, the term "region" or "portion," when used in reference to an RNA effector
molecule refers to a nucleic acid sequence of at least 3, at least 4, at least 5, at least 6, at least 7, at least 8,
at least 9, at least 10 or more nucleotides up to and including the entire nucleic acid sequence of a strand

of an RNA effector molecule. In some embodiments, the “region” or “portion” when used in reference to
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an RNA effector molecule includes nucleic acid sequence one nucleotide shorter than the entire nucleic
acid sequence of a strand of an RNA effector molecule. Thus, the term "portion" refers to a region of an
RNA effector molecule having a desired length to effect complementary binding to a region of a target
gene RNA or a desired length of a duplex region. One of skill in the art can vary the length of the
"portion” that is complementary to the target gene or arranged in a duplex, such that an RNA effector
molecule having desired characteristics (e.g., inhibition of a target gene or stability) is produced. While
not wishing to be bound by theory, RNA effector molecules provided herein can modulate expression of
target genes by one or more of a variety of mechanisms, including but not limited to, Argonaute-mediated
post-transcriptional cleavage of target gene mRNA transcripts (sometimes referred to in the art as RNAi)

and/or other pre-transcriptional and/or pre-translational mechanisms.

[0059] As used herein, and unless otherwise indicated, the term “complementary,” when used to describe
a first nucleotide sequence in relation to a second nucleotide sequence, refers to the ability of an
oligonucleotide or polynucleotide comprising the first nucleotide sequence to hybridize and form a duplex
structure under certain conditions with an oligonucleotide or polynucleotide comprising the second
nucleotide sequence, as will be understood by the skilled person. Such conditions can, for example, be
stringent conditions, where stringent conditions may include: 400 mM NaCl, 40 mM PIPES pH 6.4, 1
mM EDTA, 50°C or 70°C for 12-16 hours followed by washing. Other conditions, such as
physiologically relevant conditions as may be encountered inside an organism, can apply. The skilled
person will be able to determine the set of conditions most appropriate for a test of complementarity of

two sequences in accordance with the ultimate application of the hybridized nucleotides.

[0060] Complementary sequences within an RNA effector molecule, e.g., within a dSRNA as described
herein, include base-pairing of the oligonucleotide or polynucleotide comprising a first nucleotide
sequence to an oligonucleotide or polynucleotide comprising a second nucleotide sequence over the entire
length of one or both nucleotide sequences. Such sequences can be referred to as “fully complementary”
with respect to each other herein. However, where a first sequence is referred to as “substantially
complementary” with respect to a second sequence herein, the two sequences can be fully
complementary, or they can form one or more, but generally not more than 5, 4, 3 or 2 mismatched base
pairs upon hybridization for a duplex up to 30 base pairs, while retaining the ability to hybridize under the
conditions most relevant to their ultimate application, e.g., inhibition of gene expression via a RISC
pathway. However, where two oligonucleotides are designed to form, upon hybridization, one or more
single stranded overhangs, such overhangs shall not be regarded as mismatches with regard to the
determination of complementarity. For example, a dSRNA comprising one oligonucleotide

21 nucleotides in length and another oligonucleotide 23 nucleotides in length, wherein the longer
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oligonucleotide comprises a sequence of 21 nucleotides that is fully complementary to the shorter

oligonucleotide, may yet be referred to as “fully complementary” for the purposes described herein.

[0061] “Complementary” sequences, as used herein, can also include, or be formed entirely from, non-
Watson-Crick base pairs and/or base pairs formed from non-natural and modified nucleotides, in as far as
the above requirements with respect to their ability to hybridize are fulfilled. Such non-Watson-Crick

base pairs includes, but are not limited to, G:U Wobble or Hoogstein base pairing.

[0062] The terms “complementary,” “fully complementary” and “substantially complementary” herein
can be used with respect to the base matching between the sense strand and the antisense strand of a
dsRNA, or between the antisense strand of an RNA effector molecule agent and a target sequence, as will

be understood from the context of their use.

[0063] As used herein, a polynucleotide that is “substantially complementary to at least part of” a target
gene refers to a polynucleotide that is substantially complementary to a contiguous portion of a target
gene of interest (e.g., an mRNA encoded by a target gene, the target gene’s promoter region or 3° UTR).
For example, a polynucleotide is complementary to at least a part of a target mRNA if the sequence is

substantially complementary to a non-interrupted portion of an mRNA encoded by a target gene.

[0064] In some embodiments, a plurality of RNA effector molecules are used to modulate expression of
one or more target genes. As used herein, the term "plurality” refers to at least 2 or more RNA effector
moleculese.g., 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 80, 100 RNA
effector molecules or more. The term "plurality” can also refer to at least 2 or more target genes, e.g., 3, 4,

5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100 target genes or more.

[0065] As used herein the term "culturing a cell” or "contacting a cell” refers to the treatment of a cell in
culture with an agent e.g., at least one RNA effector molecule, often prepared in a composition
comprising a reagent that facilitates uptake of the RNA effector molecule into the cell (e.g.,
Lipofectamine). The step of contacting a cell with an RNA effector molecule(s) can be repeated more
than once (e.g., twice, 3x, 4x, 5x, 6%, 7X, 8%, 9x, 10x, 11x, 12x, 13x, 14x, 15x, 16x, 17x, 18x, 19x, 20x,
30x, 40x, 50x, 60x, 70x, 80x, 90x, 100x or more). In one embodiment, the cell is contacted such that the
target gene is modulated only transiently, e.g., by addition of an RNA effector molecule composition to
the cell culture medium used for the production of the polypeptide where the presence of the RNA
effector molecule dissipates over time, i.e., the RNA effector molecule is not constitutively expressed in

the cell.

[0066] “Introducing into a cell,” when referring to an RNA effector molecule, means facilitating or

effecting uptake or absorption into the cell, as is understood by those skilled in the art. Absorption or
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uptake of an RNA effector molecule can occur through unaided diffusive or active cellular processes, or
by auxiliary agents or devices. In vitro introduction into a cell includes methods known in the art such as

electroporation and lipofection. Further approaches are described herein below or known in the art.

[0067] As used herein, the phrase "reagent that facilitates RNA effector molecule uptake" refers to any
agent that enhances uptake of an RNA effector molecule into a host cell by at least 10%, at least 20%, at
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%,
at least 99%, at least 1-fold, at least 2-fold, at least 5-fold, at least 10-fold, at least 100-fold, at least 1000-
fold or more compared to an RNA effector molecule administered in the absence of such a reagent. In one
embodiment, a cationic or non-cationic lipid molecule useful for preparing a composition or for co-
administration with an RNA effector molecule is used as a reagent that facilitates RNA effector molecule
uptake. In other embodiments, the reagent that facilitates RNA effector molecule uptake comprises a
chemical linkage to attach e.g., a ligand, a peptide group, a lipophillic group, a targeting moiety etc, as
described throughout the application herein. In other embodiments, the reagent that facilitates RNA
effector molecule uptake comprises a charged lipid, an emulsion, a liposome, a cationic or non-cationic
lipid, an anionic lipid, a transfection reagent or a penetration enhancer as described throughout the
application herein. In one embodiment, the reagent that facilitates RNA effector molecule uptake used
herein comprises a charged lipid as described in USSN 61/267,419 filed on December 7, 2009, which is

herein incorporated by reference in its entirety.

[0068] As used herein, a “target gene” refers to a nucleic acid that encodes an RNA, for example, nucleic
acid sequences including, but not limited to, genes encoding a polypeptide and genes encoding non
coding RNAs. By “target gene RNA” or “target RNA” is meant RNA encoded by the target gene. The
skilled person is well aware that a target gene RNA that encodes a polypeptide is more commonly known
as messenger RNA (mRNA). The target gene can be a gene derived from a cell, an endogenous gene, a
transgene, or exogenous genes such as genes of a pathogen, for example a virus, which is present in the
cell after infection thereof. The cell containing the target gene can be derived from or contained in any
organism, for example a plant, animal, protozoan, virus, bacterium, or fungus. In some embodiments, the
target gene encodes a protein that affects one or more aspects of the production of peptide glycosylation
by a host cell, such that modulating expression of the gene permits production of a polypeptide

comprising at least one terminal mannose.

[0069] The term "expression” as used herein is intended to mean the transcription to an RNA and/or
translation to one or more polypeptides from a target gene coding for the sequence of the RNA and/or the

polypeptide.
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[0070] In some embodiments, the target gene encodes a non-coding RNA (ncRNA) that affects one or
more aspects of the production of peptide glycosylation by a host cell, such that modulating expression of
the gene permits production of a polypeptide comprising at least one terminal mannose. As used herein, a
“non-coding RNA” refers to a target gene RNA that is not translated into a protein. The non-coding RNA
is also referred to as non-protein-coding RNA (npcRNA), non-messenger RNA (nmRNA), small non-
messenger RNA (snmRNA), and functional RNA (IRNA) in the art. The target gene from which a non-
coding RNA is transcribed as the end product is also referred to as an RNA gene or non-coding RNA
gene herein. Non-coding RNA genes include highly abundant and functionally important RNAs such as
transfer RNA (tRNA) and ribosomal RNA (rRNA), as well as RNAs such as snoRNAs, microRNAs,
siRNAs and piRNAs.

[0071] The term “modulates expression of,” and the like, in so far as it refers to a target gene, herein
refer to the modulation of expression of a target gene, as manifested by a change (e.g., an increase or a
decrease) in the amount of target gene RNA which can be isolated from or detected in a first cell or group
of cells in which a target gene is transcribed and which has or have been treated such that the expression
of a target gene is modulated, as compared to a second cell or group of cells substantially identical to the
first cell or group of cells but which has or have not been so treated (control cells). The degree of

modulation can be expressed in terms of

(target gene RNA in control cells) — (target gene RNA in treated cells)
¢ 100%

(target gene RNA in control cells)

[0072] Alternatively, the degree of modulation can be given in terms of a parameter that is functionally
linked to target gene expression, e.g., the amount of protein encoded by a target gene, or the number of
cells displaying a certain phenotype, e.g., reduced glycosylation of polypeptides. In principle, target gene
modulation can be determined in any host cell expressing the target gene, either constitutively or by

genomic engineering, and by any appropriate assay.

[0073] As described herein, expression of a target gene is inhibited. In one example, expression of a
target gene is inhibited by at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at least 40%, at least 45%, or at least 50% by administration of an RNA effector molecule provided
herein. In some embodiments, expression of a target gene is inhibited by at least 60%, at least 70%, or at
least 80% by administration of an RNA effector molecule to a host cell. In some embodiments,
expression of a target gene is inhibited by at least 85%, at least 90%, or at least 95% or more by
administration of an RNA effector molecule as described herein. In one embodiment, expression of the

target gene is inhibited by 99% or even 100% (e.g., below detectable limits).
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[0074] In other instances, expression of a target gene is activated by at least 10%, at least 20%, at least
25%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 1-fold, at least 2-fold, at least 5-fold, at least 10-fold, at least 100-fold, at least 1000-fold, at least

10000-fold or more by administration of an RNA effector molecule provided herein.

[0075] A “bioreactor,” as used herein, refers generally to any reaction vessel suitable for growing and
maintaining cells such that the cells produce a polypeptide, and for recovering such polypeptide.
Bioreactors described herein include cell culture systems of varying sizes, such as small culture flasks,
Nunc multilayer cell factories, small high yield bioreactors (e.g., MiniPerm, INTEGRA-CELLine),
spinner flasks, hollow fiber-WAVE bags (Wave Biotech, Tagelswangen, Switzerland), and industrial
scale bioreactors. In some embodiments, the polypeptide is produced in a bioreactor having a capacity
suitable for pharmaceutical or industrial scale production of polypeptides (e.g., a volume of at least 2
liters, at least 5 liters, at least 10 liters, at least 25 liters, at least 50 liters, at least 100 liters, or more) and

means of monitoring pH, glucose, lactate, temperature, and/or other bioprocess parameters.

[0076] As used herein, an “RNA effector composition” comprises an effective amount of an RNA
effector molecule and an acceptable carrier. As used herein, “effective amount” refers to that amount of
an RNA effector molecule effective to produce a modulatory effect on a bioprocess for the production of

a polypeptide.

[0077] As used herein, the term "average percent inhibition" refers to the average degree of inhibition of
target gene expression over time that is necessary to produce the desired effect (e.g., modification of
protein glycosylation) and which is below the degree of inhibition that produces any unwanted or
negative effects. In some embodiments, the desired average percent inhibition is at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 99%, or even 100% (i.e., absent). One of skill in the art can use routine cell death
assays to determine the upper limit for desired percent inhibition (e.g., level of inhibition that produces
unwanted effects). One of skill in the art can also use methods to detect target gene expression (e.g., RT-
PCR) to determine an amount of an RNA effector molecule that produces gene modulation. The percent
inhibition is described herein as an average value over time, since the amount of inhibition is dynamic and

can fluctuate slightly between doses of the RNA effector molecule.

[0078] As used herein, the phrase "reduced affinity for the mannose 6 phosphate receptor” refers to a
polypeptide produced in the presence of an RNA effector molecule (as described herein) and having at
least a 10% reduced ability to bind the mannose 6 phosphate receptor compared to a polypeptide

produced in the absence of the RNA effector molecule. One of skill in the art can determine affinity by
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using e.g., a receptor binding assay (see e.2., Van Patten et al., Glycobiology 17(5):467-478 (2007))
and/or determining the Kd (i.e., the dissociation constant) for the polypeptide binding to the mannose
receptor. In other embodiments, the polypeptide has at least 20%, at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99% reduction in mannose 6
phosphate receptor binding compared to the polypeptide expressed in the absence of the RNA effector
molecule. In one embodiment, the polypeptide expressed in the presence of the RNA effector molecule

does not bind the mannose 6 phosphate receptor within detectable limits of a receptor binding assay.

[0079] As used herein, the term "transiently inhibited" refers to inhibition of a target gene following
administration of a discrete dose of an RNA effector molecule, such that the inhibition of the target gene
decreases as the RNA effector molecule is cleared from the cell. In some cases, inhibition may be
completely lost in between repeated administrations of an RNA effector molecule in discrete doses. In
other embodiments, there may be only a partial loss of inhibition (e.g., 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% etc) as the RNA effector molecule activity is cleared. The length of time that inhibition is
maintained following treatment with a single dose of RNA effector molecule will depend on the particular
RNA effector molecule and/or the target gene. One of skill in the art can easily determine using e.g.,
ELISA assays to determine the level of inhibition and/or the loss of inhibition over time to choose an
appropriate dosing regime to (1) transiently inhibit the target gene, (2) continuously inhibit the target

gene, or (3) maintain at least a partial inhibition of the target gene.

[0080] The term “acceptable carrier” refers to a carrier for administration of an RNA effector molecule
to cultured eukaryotic host cells. Such carriers include, but are not limited to, saline, buffered saline,
dextrose, water, glycerol, ethanol, and combinations thereof. The term specifically excludes cell culture

medium.

[0081] As used herein the phrase "has not been modified enzymatically to contain the terminal mannose”
when used to refer to an isolated polypeptide means that the polypeptide has not been subjected to
removal of glycosylation groups (e.g., by neuraminidase, galactosidase and/or B-N acetyl
glucosaminidase) to expose a terminal mannose following isolation of the polypeptide (e.g., in a separate
step). The polypeptides produced using the methods described herein are secreted from the cell with a
terminal mannose and do not require an additional enzymatic modification to remove the glycosylation
groups. However, one of skill in the art may desire to further modify the peptide using enzymatic
modification to remove any remaining or undesired glycosylation groups and such use of an enzyme for

modification is also contemplated herein.
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[0082] As used herein, the term "SNALP" refers to a stable nucleic acid-lipid particle. A SNALP
represents a vesicle of lipids coating a reduced aqueous interior comprising a nucleic acid such as an
RNA effector molecule or a plasmid from which an RNA effector molecule is transcribed. SNALPs are
described, e.g., in U.S. Patent Application Publication Nos. 2006/0240093, 2007/0135372, and U.S. Pat.
App. Nos. 12/343,342, filed on December 23, 2008 and 12/424,367, filed on April 15, 2009. These

applications are hereby incorporated by reference in their entirety.

[0083] As used herein the term "comprising " or "comprises” is used in reference to compositions,
methods, and respective component(s) thereof, that are essential to the invention, yet open to the inclusion

of unspecified elements, whether essential or not.

[0084] As used herein the term "consisting essentially of" refers to those elements required for a given
embodiment. The term permits the presence of elements that do not materially affect the basic and novel

or functional characteristic(s) of that embodiment of the invention.

[0085] The term "consisting of" refers to compositions, methods, and respective components thereof as

described herein, which are exclusive of any element not recited in that description of the embodiment.

DETAILED DESCRIPTION

[0086] Provided herein are methods and compositions for expressing a modified polypeptide in a host
cell, wherein the modified polypeptide comprises a terminal mannose at an N-linked glycosylation site of
the polypeptide. The methods and compositions used herein involve the use of an RNA effector
molecule(s) (e.g., sSiRNA, dsRNA etc) administered to a host cell to modify the expression of target
gene(s) involved in protein glycosylation (e.g., Mgatl, Mgat4 (e.g., Mgat4A or Mgat4B), SLC35A1,
SLC35A2 or GNLE).

Industrial production of polypeptides

[0087] The methods and compositions described herein can be applied to any system for producing a
polypeptide in a mammalian cell, including polypeptide production on an industrial scale. The present
invention may be combined with any known method or composition to enhance the production of a
polypeptide or biological product, such as those disclosed in e.g., U.S. Provisional No. 61/293,980 or

described herein.

[0088] A non-limiting exemplary process for the industrial-scale production of a heterologous
polypeptide (e.g., a polypeptide to be modified) in cell culture (e.g., mammalian cell culture) includes the

following steps:
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i) inoculating mammalian host cells containing a transgene encoding the heterologous
protein (e.g., polypeptide to be modified) into a seed culture vessel containing cell culture medium and
propagating the cells to reach a minimum threshold cross-seeding density;

ii) transferring the propagated seed culture cells, or a portion thereof, to a large-scale
bioreactor;

iii) propagating the large-scale culture under conditions allowing for rapid growth and
cell division until the cells reach a predetermined density;

iv) maintaining the culture under conditions that disfavor continued cell growth and/or

cell division and facilitate expression of the heterologous protein.

[0089] The cells can be cultured in a stirred tank bioreactor system in a fed batch culture process in
which the host cells and culture medium are supplied to the bioreactor initially and additional culture
nutrients are fed, continuously or in discrete increments, throughout the cell culture process. The fed
batch culture process can be semi-continuous, wherein periodically the entire culture (including cells and
medium) is removed and replaced. Alternatively, a simple batch culture process can be used in which all
components for cell culturing (including the cells and culture medium) are supplied to the culturing vessel
at the start of the process. A continuous perfusion process can also be used, in which the cells are
immobilized in the culture, e.g., by filtration, encapsulation, anchoring to microcarriers, or the like, and
the supernatant is continuously removed from the culturing vessel and replaced with fresh medium during

the process.

[0090] Steps i) -iii) of the above method generally comprise a “growth” phase, whereas step iv)
generally comprises a “production” phase. In some embodiments, fed batch culture or continuous cell
culture conditions are tailored to enhance growth and division of the cultured cells in the growth phase
and to disfavor cell growth and/or division and facilitate expression of the heterologous protein during the
production phase. For example, in some embodiments, a heterologous protein is expressed at levels of
about 1 mg/L, or about 2.5 mg/L, or about 5 mg/L. or higher. The rate of cell growth and/or division can
be modulated by varying culture conditions, such as temperature, pH, dissolved oxygen (dO,) and the
like. For example, suitable conditions for the growth phase can include a pH of between about 6.5 and
7.5, a temperature between about 30° C to 38° C, and a dO, between about 5-90% saturation. In some
embodiments, the expression of a heterologous protein can be enhanced in the production phase by
inducing a temperature shift to a lower culture temperature (e.g., from about 37° C to about 30° C),
increasing the concentration of solutes in the cell culture medium, or adding a toxin (e.g., sodium

butyrate) to the cell culture medium. A variety of additional protocols and conditions for enhancing

19



WO 2011/109600 PCT/US2011/026994

growth during the growth phase and/or protein expression during the production phase are known in the

art.

[0091] In one embodiment, after the production phase the heterologous protein is recovered from the cell
culture medium using various methods known in the art. Recovering a secreted heterologous protein or
polypeptide typically involves removal of host cells and debris from the medium, for example, by
centrifugation or filtration. In some embodiments, the methods provided herein further comprise
inhibition of the mannose 6 phosphate receptor such that the expressed polypeptide does not accumulate
in lysosomes. In other embodiments, the polypeptide produced in a host cell does not comprise a mannose
6 phosphate group such that it is preferentially secreted rather than imported into lysosomes by mannose 6

phosphate mediated uptake.

[0092] In some cases, particularly if the protein is not secreted, protein recovery can also be performed
by lysing the cultured host cells, e.g., by mechanical shear, osmotic shock, or enzymatic treatment, to
release the contents of the cells into the homogenate. The polypeptide can then be separated from
subcellular fragments, insoluble materials, and the like by differential centrifugation, filtration, affinity
chromatography, hydrophobic interaction chromatography, ion-exchange chromatography, size exclusion
chromatography, electrophoretic procedures (e.g., preparative isoelectric focusing (IEF)), ammonium
sulfate precipitation, and the like. Procedures for recovering and purifying particular types of proteins are

known in the art.

[0093] Methods and compositions useful for enhancing polypeptide production in cells is provided in
e.g., US Provisional Application 61/293,980, which is incorporated herein by reference in its entirety.
Such methods are directed at e.g., increasing cell growth, increasing cell viability, decreasing apoptosis,
decreasing lactate formation, decreasing reactive oxygen species production, modifying post-translational

modifications, and decreasing viral contamination of cells in culture.
Host Cells

[0094] In one embodiment, a mammalian host cell is preferred to produce a polypeptide or recombinant
polypeptide, particularly if the polypeptide is a biotherapeutic agent or is otherwise intended for
administration to or consumption by humans. In some embodiments, the host cell is a Chinese Hamster
Ovary (CHO) cell, which is the predominant cell line used for the expression of many recombinant
proteins. Additional mammalian cell lines commonly used for the expression of recombinant proteins
include, but are not limited to, 293HEK cells, Hel a cells, COS cells, NIH/3T3 cells, Jurkat Cells, NSO
cells and HUVEC cells.
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[0095] In some embodiments, the host cell is a CHO cell derivative that has been genetically modified to
facilitate production of recombinant proteins, polypeptides, or other biological products. For example,
various CHO cell strains have been developed which permit stable insertion of recombinant DNA into a
specific gene or expression region of the cells, amplification of the inserted DNA, and selection of cells
exhibiting high level expression of the recombinant protein. Examples of CHO cell derivatives useful in
the methods provided herein include, but are not limited to, CHO-KI cells, CHO-DUKX, CHO-DUKX
B1, CHO-DG44 cells, CHO-ICAM-1 cells, and CHO-hIFNy cells. Methods for expressing recombinant
proteins in CHO cells are known in the art and are described, e.g., in U.S. Pat. Nos. 4,816,567 and

5,981,214, herein incorporated by reference in their entirety.

[0096] Examples of human cell lines useful in methods provided herein include, but are not limited to,
293T (embryonic kidney), 786-0 (renal), A498 (renal), A549 (alveolar basal epithelial), ACHN (renal),
BT-549 (breast), BxPC-3 (pancreatic), CAKI-1 (renal), Capan-1 (pancreatic), CCRF-CEM (leukemia),
COLO 205 (colon), DLD-1 (colon), DMS 114 (small cell lung), DU145 (prostate), EKVX (non-small cell
lung), HCC-2998 (colon), HCT-15 (colon), HCT-116 (colon), HT29 (colon), HT-1080 (fibrosarcoma),
HEK 293 (embryonic kidney), HeLa (cervical carcinoma), HepG2 (hepatocellular carcinoma), HIL-
60(TB) (leukemia), HOP-62 (non-small cell lung), HOP-92 (non-small cell lung), HS 5787 (breast), HT-
29 (colon adenocarcinoma), IGR-OV1 (ovarian), IMR32 (neuroblastoma), Jurkat (T lymphocyte), K-562
(leukemia), KM12 (colon), KM20L2 (colon), LANS (neuroblastoma), LNCap.FGC (Caucasian prostate
adenocarcinoma), LOX IMVI (melanoma), LXFL 529 (non-small cell lung), M14 (melanoma), M19-
MEL (melanoma), MALME-3M (melanoma), MCFIOA (mammary epithelial), MCF7 (mammary),
MDA-MB-453 (mammary epithelial), MDA-MB-468 (breast), MDA-MB-231 (breast), MDA-N (breast),
MOLT-4 (leukemia), NCI/ADR-RES (ovarian), NCI-H226 (non-small cell lung), NCI-H23 (non-small
cell lung), NCI-H322M (non-small cell lung ), NCI-H460 (non-small cell lung), NCI-H522 (non-small
cell lung), OVCAR-3 (ovarian), OVCAR-4 (ovarian), OVCAR-5 (ovarian), OVCAR-8 (ovarian), P388
(leukemia), P388/ADR (leukemia), PC-3 (prostate), PERC6® (E1-transformed embryonal retina), RPMI-
7951 (melanoma), RPMI-8226 (leukemia), RXF 393 (renal), RXF-631 (renal), Saos-2 (bone), SF-268
(CNS), SF-295 (CNS), SF-539 (CNS), SHP-77 (small cell lung), SH-SYS5Y (neuroblastoma), SK-BR3
(breast), SK-MEL-2 (melanoma), SK-MEL-5 (melanoma), SK-MEL-28 (melanoma), SK-OV-3 (ovarian),
SN12K1 (renal), SN12C (renal), SNB-19 (CNS), SNB-75 (CNS) SNB-78 (CNS), SR (leukemia), SW-
620 (colon), T-47D (breast), THP-1 (monocyte-derived macrophages), TK-10 (renal), U87
(glioblastoma), U293 (kidney), U251 (CNS), UACC-257 (melanoma), UACC-62 (melanoma), UO-31
(renal), W138 (lung), and XF 498 (CNS).
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[0097] Examples of rodent cell lines useful in methods provided herein include, but are not limited to,
baby hamster kidney (BHK) cells (e.g., BHK21 cells, BHK TK- cells), mouse Sertoli (TM4) cells,
buffalo rat liver (BRL 3A) cells, mouse mammary tumor (MMT) cells, rat hepatoma (HTC) cells, mouse
myeloma (NSO) cells, murine hybridoma (Sp2/0) cells, mouse thymoma (EL4) cells, Chinese Hamster
Ovary (CHO) cells and CHO cell derivatives, murine embryonic (NIH/3T3, 313 Ll) cells, rat myocardial
(H9¢2) cells, mouse myoblast (C2C12) cells, and mouse kidney (miMCD-3) cells.

[0098] Examples of non-human primate cell lines useful in methods provided herein include, but are not
limited to, monkey kidney (CVI-76) cells, African green monkey kidney (VERO-76) cells, green monkey
fibroblast (Cos-1) cells, and monkey kidney (CVI) cells transformed by SV40 (Cos-7). Additional
mammalian cell lines are known to those of ordinary skill in the art and are catalogued at the American

Type Culture Collection catalog (ATCC®, Mamassas, VA).

[0099] In some embodiments, the host cells are suitable for growth in suspension cultures. Suspension-
competent host cells are generally monodisperse or grow in loose aggregates without substantial
aggregation. Suspension-competent host cells include cells that are suitable for suspension culture without
adaptation or manipulation (e.g., hematopoietic cells, lymphoid cells) and cells that have been made
suspension-competent by modification or adaptation of attachment-dependent cells (e.g., epithelial cells,

fibroblasts).

[00100] In some embodiments, the host cell is an attachment dependent cell which is grown and
maintained in adherent culture. Examples of human adherent cell lines useful in methods provided herein
include, but are not limited to, human neuroblastoma (SH-SY5Y, IMR32 and LANDY) cells, human
cervical carcinoma (HeL a) cells, human breast epithelial (MCFIOA) cells, human embryonic kidney

(293T) cells, and human breast carcinoma (SK-BR3) cells.

[00101] In some embodiments, the host cell is a multipotent stem cell or progenitor cell. Examples of
multipotent cells useful in methods provided herein include, but are not limited to, murine embryonic
stem (ES-D3) cells, human umbilical vein endothelial (HuVEC) cells, human umbilical artery smooth
muscle (HUASMC) cells, human differentiated stem (HKB-I1) cells, and human mesenchymal stem

(hMSC) cells.
[00102] In some embodiments, the host cell is a plant cell, such as a tobacco plant cell.

[00103] In some embodiments, the host cell is a fungal cell, such as a cell from Pichia pastoris, a

Rhizopus cell, or a Aspergillus cell.

[00104] In some embodiments, the host cell is an insect cell, such as SF9 or SF-21 cells from Spodoptera

Jrugiperda or S2 cells from Drosophila melanogaster.
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Polypeptides

[00105] The methods and compositions described herein are useful in modifying an expressed polypeptide
to comprise a terminal mannose. In some embodiments, the terminal mannose of the modified
polypeptide is exposed such that it is capable of binding to the mannose receptor. These methods and
compositions are particularly useful for producing polypeptides that are taken up readily by mononuclear
cells. In some embodiments, the polypeptides modified using the methods described herein are useful in
the treatment of lysosomal storage diseases such as Gaucher's disease, Fabry's disease or Pompe disease.
Exemplary polypeptides contemplated for modification with the methods described herein include
glucocerebrosidase, idursulfase, alglucosidase alfa, galsulfase, agalsidase beta, and laronidase. Idursulfase
is a recombinant protein corresponding to iduronate 2-sulfatase (IDS) (SEQ ID NO. 1230), while
alglucosidase alfa is a recombinant form of acid alpha-glucosidase (GAA) (SEQ ID NO. 1232).
Galsulfase is a recombinant form of arylsulfatase B (ARSB) (SEQ ID NO. 1234) and agalsidase beta is a
recombinant form of alpha galactosidase A (GLA) (SEQ ID NO. 1236). Laronidase is a recombinant
protein corresponding to alpha-L-iduronidase (IDUA) (SEQ ID NO. 1238). Glucocerebrosidase (GBA)
(SEQ ID NOs. 1228 and 1229) differs in sequence from Arg495His Glucocerebrosidase (SEQ ID NOs.

1225 and 1226) by an arginine to histidine amino acid mutation at position 495.

[00106] In some cases, the polypeptide may comprise a mutation compared to the endogenously
expressed version of the polypeptide commonly observed in a standard population of individuals.
Mutations can be in the nucleic acid sequence (e.g., genomic or mRNA sequence), or alternatively can
comprise an amino acid substitution. Such amino acid substitutions can be conserved mutations or non-
conserved mutations. As well-known in the art, a "conservative substitution” of an amino acid or a
“conservative substitution variant” of a polypeptide refers to an amino acid substitution which maintains:
1) the structure of the backbone of the polypeptide (e.g. a beta sheet or alpha-helical structure); 2) the
charge or hydrophobicity of the amino acid; or 3) the bulkiness of the side chain. More specifically, the
well-known terminologies "hydrophilic residues” relate to serine or threonine. "Hydrophobic residues”
refer to leucine, isoleucine, phenylalanine, valine or alanine. "Positively charged residues" relate to lysine,
arginine or histidine. "Negatively charged residues" refer to aspartic acid or glutamic acid. Residues
having "bulky side chains" refer to phenylalanine, tryptophan or tyrosine. To avoid doubt as to
nomenclature, the term “D144N” or similar terms specifying other specific amino acid substitutions
means that the Asp (D) at position 144 is substituted with Asn (N). A “conservative substitution variant”

of D144N would substitute a conservative amino acid variant of Asn (N) that is not D.

[00107] The terminology "conservative amino acid substitutions" is well known in the art, which relates

to substitution of a particular amino acid by one having a similar characteristic (e.g., similar charge or
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hydrophobicity, similar bulkiness). Examples include aspartic acid for glutamic acid, or isoleucine for

leucine. A list of exemplary conservative amino acid substitutions is given in the table below. A

conservative substitution mutant or variant will 1) have only conservative amino acid substitutions

relative to the parent sequence, 2) will have at least 90% sequence identity with respect to the parent

sequence, preferably at least 95% identity, 96% identity, 97% identity, 98% identity or 99% or greater

identity; and 3) will retain polypeptide activity as that term is defined herein.

CONSERVATIVE AMINO ACID REPLACEMENTS

For Amino Acid Code Replace With

Alanine A D-ala, Gly, Aib, B-Ala, Acp, L-Cys, D-Cys

Arginine R D-Arg, Lys, D-Lys, homo-Arg, D-homo-Arg, Met, Ile, D-Met, D-
Ile, Orn, D-Orn

Asparagine N D-Asn, Asp, D-Asp, Glu, D-Glu, Gln, D-Gln

Aspartic Acid D D-Asp, D-Asn, Asn, Glu, D-Glu, Gln, D-GIn

Cysteine C D-Cys, S-Me-Cys, Met, D-Met, Thr, D-Thr

Glutamine Q D-Gln, Asn, D-Asn, Glu, D-Glu, Asp, D-Asp

Glutamic Acid E D-Glu, D-Asp, Asp, Asn, D-Asn, Gln, D-Gln

Glycine G Ala, D-Ala, Pro, D-Pro, Aib, B-Ala, Acp

Isoleucine 1 D-Ile, Val, D-Val, AdaA, AdaG, Leu, D-Leu, Met, D-Met

Leucine L D-Leu, Val, D-Val, AdaA, AdaG, Leu, D-Leu, Met, D-Met

Lysine K D-Lys, Arg, D-Arg, homo-Arg, D-homo-Arg, Met, D-Met, Ile, D-
Ile, Orn, D-Orn

Methionine M D-Met, S-Me-Cys, Ile, D-Ile, Leu, D-Leu, Val, D-Val

Phenylalanine F D-Phe, Tyr, D-Thr, L-Dopa, His, D-His, Trp, D-Trp, Trans-3,4 or 5-
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phenylproline, AdaA, AdaG, cis-3,4 or 5-phenylproline, Bpa, D-
Bpa

Proline P D-Pro, L-I-thioazolidine-4-carboxylic acid, D-or-L-1-oxazolidine-4-

carboxylic acid (Kauer, U.S. Pat. No. (4,511,390)

Serine S D-Ser, Thr, D-Thr, allo-Thr, Met, D-Met, Met (O), D-Met (O), L-
Cys, D-Cys

Threonine T D-Thr, Ser, D-Ser, allo-Thr, Met, D-Met, Met (O), D-Met (O), Val,
D-Val

Tyrosine Y D-Tyr, Phe, D-Phe, L-Dopa, His, D-His

Valine A% D-Val, Leu, D-Leu, Ile, D-Ile, Met, D-Met, AdaA, AdaG

[00108] A non-conservative mutation is any other amino acid substitution other than the conservative

substitutions noted in the above table.

[00109]In one embodiment, a glucocerebrosidase enzyme comprises an arginine to histidine mutation at

amino acid 495, which aids in uptake of the enzyme by mononuclear cells.

[00110]In some embodiments, the polypeptide is further modified to be secreted into the cell culture
medium following production in a host cell. Such modifications can include e.g., removal or inhibition of
a mannose 6 phosphate group, which prevents uptake into lysosomes of the host cell via a mannose 6

phosphate receptor mediated mechanism.

[00111]In one embodiment, the polypeptide to be modified is glucocerebrosidase. In one embodiment,
the glucocerebrosidase is enzymatically active as determined by a glucocerebrosidase activity assay (e.g.,
measuring enzymatic hydrolysis of 4-methyl-umbelliferyl-B-D glucosidase by glucocerebrosidase to a
fluorescent product; see e.g., Methods of Enzymology Vol. L pp: 478-479, 1978). In another embodiment,
the modified glucocerebrosidase substantially retains the activity of either the wildtype
glucocerebrosidase enzyme (e.g., human placental glucocerebrosidase) or the mutant glucocerebrosidase
(e.g., Argd95His mutation), each of which have typical glycosylation patterns of native
glucocerebrosidase (e.g., unmodified by the methods described herein). By "substantially retain" is meant
that the modified polypeptide comprising a terminal mannose retains at least 60% of the activity of the
unmodified polypeptide (e.g., wildtype or mutant glucocerebrosidase activity). In some embodiments, the

modified polypeptide retains at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or even
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100% of the activity of the unmodified polypeptide. The term "substantially retains" also encompasses an
increase in the activity of the modified polypeptide having a terminal mannose of at least 10% compared
to the unmodified polypeptide; in some embodiments the increase in activity of the modified polypeptide
is at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least 95%, at least 99%, at least 1-fold, at least 2-fold, at least 5-fold, at least 10-fold, at least 50-
fold, at least 100-fold, at least 1000-fold or more compared to the unmodified polypeptide.

[00112] Typically, human placental glucocerebrosidase has four glycosylation sites that can be modified
using the methods described herein. In some embodiments, 1, 2, 3, or 4 of the native glycosylation sites of
glucocerebrosidase are modified to contain at least one terminal mannose. In another embodiment, the
glucocerebrosidase can be modified to express an additional N-linked glycosylation site(s), which can be
further modified to contain at least one terminal mannose. It is contemplated herein that modifications
made to the glucocerebrosidase do not result in a substantial loss (e.g., > 60%) in glucocerebrosidase

activity.
Gene products involved in glycosylation

[00113] Essentially any gene product that is involved in protein glycosylation, such that modification of
its expression permits production of a polypeptide having a terminal mannose can be used with the
methods and compositions described herein. Some exemplary target genes for mammalian cells include

e.g., Mgatl, Mgat4, SLC35A1, SLC35A2 and GNE.

[00114] Mgat] (mannosyl (alpha-1,3-)-glycoprotein beta-1,2-N-acetylglucosaminyltransferase; Gene ID
MGAT1) encodes a protein located in the Golgi apparatus, which is responsible for the synthesis of
hybrid and complex N-glycans. Similarly, Mgat4a or Mgat4b (mannosyl (alpha-1,3-)-glycoprotein beta-
1,4-N-acetylglucosaminyltransferase) encodes a glycosyltransferase protein in the Golgi apparatus
responsible for producing tri- and multi-antennary branching structures on polypeptides. SCL35A1
(solute carrier family 35 (CMP-sialic acid transporter), member A1) encodes a protein in the Golgi
apparatus that facilitates transport of nucleotide sugars, such as CMP-sialic acid, into the Golgi for
glycosylation. Another member of the solute carrier family 35 is SLC35A2 (solute carrier family 35
(UDP-galactose transporter), member A2), which permits transport of solutes, including UDP galactose,
into the Golgi apparatus. GNE (glucosamine (UDP-N-acetyl)-2-epimerase/N-acetylmannosamine kinase)
encodes a bifunctional enzyme that is rate-limiting in the sialic acid biosynthesis pathway. Inhibition of
any one of these gene products, or any combination thereof, permits the production of a polypeptide

comprising a terminal mannose.
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[00115]In one embodiment, the cells are treated with RNA effector molecules that target a single gene
product selected from the group consisting of: Mgatl, Mgat4, SCLL35A1, SCLL35A2, and GNE. In another
embodiment, the cells are treated with a combination RNA effector molecules that target at least two gene
products selected from the group consisting of: Mgatl, Mgat4, SCL.35A1, SCLL.35A2 and GNE. Some
non-limiting examples of inhibition of a combination of gene products include: Mgat1/Mgat4;
Mgat1/Gne; Mgatl/SCL35A1; Mgatl/SCL35A2; Mgat4/Gne; Mgat4/SCL35A1; Mgat4/SCL.35A2;
Gne/SCL35A1; Gne/SCL35A2; SCL35A1/SCL35A2; Mgatl/Mgat4/Gne; Mgatl/Mgat4/SCL35A1;
Mgat1/Mgat4/SCL35A2; Mgat1/Gne/SCL35A1; Mgatl/Gne/SCL35A2; Mgat1/SCLL35A1/SCL35A2;
Mgat1/Mgat4/Gne/SCL35A1; Mgat1/Mgat4/Gne/SCL35A2; Mgat4/Gne/SCL35A1;
Mgat4/Gne/SCL35A2; Mgat4/SCL35A1/SCL35A2; Gne/SCL35A1/SCL35A2;
Mgat1/Mgat4/Gne/SCL35A1; Mgat1/Mgat4/Gne/SCL.35A2; Mgat1/Mgat4/SCL.35A1/SCL35A2;
Mgat1/Gne/SCL35A1/SCL35A2; Mgat4/Gne/SCL35A1/SCL35A2; or
Mgat1/Mgat4/Gne/SCL35A1/SCL35A2.

[00116] The particular gene products or isoforms that can be targeted to produce a polypeptide having a
terminal mannose may vary slightly among different host cells. RNA effector molecules can be designed
using the gene or mRNA sequence of a particular gene product in a desired host cell line. However, it is
acknowledged that most mammalian cell lines will have similar mechanisms involved in glycosylation
such that the RNA effector molecules described herein in Tables 2-24 will be useful in a variety of

mammalian cell lines.
RNA effector molecules

[00117] Essentially any RNA effector molecule capable of inhibiting expression of a target gene involved
in protein glycosylation in a mammalian cell can be used with the methods described herein. Exemplary
RNA effector molecules are provided herein in Tables 2-24., In addition, in certain embodiments, an
RNA effector molecule capable of increasing expression of an endogenous polypeptide to be modified
can be used (e.g., by targeting the promoter region of a polypeptide to be modified using an RNA
activating agent). RNA effector molecules can comprise a single strand or more than one strand. The
RNA effector molecule can be single-stranded or double-stranded. A single- stranded RNA effector can
have double-stranded regions and a double-stranded RNA effector can have single-stranded regions.
Without limitations, RNA effector molecules can include, double stranded RNA (dsRNA), microRNA
(miRNA), short interfering RNA (siRNA), antisense RNA, promoter-directed RNA (pdRNA), Piwi-
interacting RNA (piRNA), expressed interfering RNA (eiRNA), short hairpin RNA (shRNA), antagomirs,
decoy RNA, DNA, plasmids and aptamers.
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[00118] As used herein, the term “double-stranded” refers to an oligonucleotide having a hybridized
duplex region that comprises two anti-paralle] and substantially complementary nucleic acid strands. The
duplex region can be of any length that permits specific degradation of a desired target RNA through a
RISC pathway, but will typically range from 9 to 36 base pairs in length, e.g., 15-30 base pairs in length.
Considering a duplex between 9 and 36 base pairs, the duplex can be any length in this range, for
example, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, or 36 and any sub-range there between, including, but not limited to 10-15 base pairs, 10-14 base
pairs, 10-13 base pairs, 10-12 base pairs, 10-11 base pairs, 15-30 base pairs, 15-26 base pairs, 15-23 base
pairs, 15-22 base pairs, 15-21 base pairs, 15-20 base pairs, 15-19 base pairs, 15-18 base pairs, 15-17
base pairs, 18-30 base pairs, 18-26 base pairs, 18-23 base pairs, 18-22 base pairs, 18-21 base pairs, 18-20
base pairs, 19-30 base pairs, 19-26 base pairs, 19-23 base pairs, 19-22 base pairs, 19-21 base pairs, 19-20
base pairs, 20-30 base pairs, 20-26 base pairs, 20-25 base pairs, 20-24 base pairs, 20-23 base pairs, 20-22
base pairs, 20-21 base pairs, 21-30 base pairs, 21-26 base pairs, 21-25 base pairs, 21-24 base pairs, 21-23
base pairs, or 21-22 base pairs. Double-stranded oligonucleotides, e.2., dSRNAs, generated in the cell by
processing with Dicer and similar enzymes are generally in the range of 19-22 base pairs in length. One
strand, antisense strand, of the duplex region of a double-stranded oligonucleotide comprises a sequence
that is substantially complementary to a region of a target RNA. The two strands forming the duplex
structure can be from a single oligonucleotide molecule having at least one self-complementary region, or
can be formed from two or more separate oligonucleotide molecules. Where the duplex region is formed
from two complementary regions of a single molecule, the molecule can have a duplex region separated
by a single stranded chain of nucleotides (herein referred to as a “hairpin loop”) between the 3’-end of
one strand and the 5’-end of the respective other strand forming the duplex structure. The hairpin loop can
comprise at least one unpaired nucleotide; in some embodiments the hairpin loop can comprise at least 2,
at Jeast 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 20, at least 23
or more unpaired nucleotides. In some embodiments, the hairpin loop comprises 3, 4, 5, 6, or 7 Where
the two substantially complementary strands of a double-stranded oligonucleotide are comprised by
separate molecules, those molecules need not, but can be covalently connected. Where the two strands
are connected covalently by means other than a hairpin loop, the connecting structure is referred to as a
“linker.” The term “siRNA effector molecule” is also used herein to refer to a dSRNA as described

above.

[00119]In some embodiments, the RNA effector molecule is a promoter-directed RNA (pdRNA) which is
substantially complementary to at least a portion of a noncoding region of an mRNA transcript of a target
gene. In one embodiment, the pdRNA is substantially complementary to at least a portion of the

promoter region of a target gene mRNA at a site located upstream from the transcription start site, e.g.,
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more than 100, more than 200, or more than 1,000 bases upstream from the transcription start site. In
another embodiment, the pdRNA is substantially complementary to at least a portion of the 3’-UTR of a
target gene mRNA transcript. In one embodiment, the pdRNA comprises dSRNA of 18-28 bases
optionally having 3’ di- or tri-nucleotide overhangs on each strand. The dsRNA is substantially
complementary to at least a portion of the promoter region or the 3’-UTR region of a target gene mRNA
transcript. In another embodiment, the pdRNA comprises a gapmer consisting of a single stranded
polynucleotide comprising a DNA sequence which is substantially complementary to at least a portion of
the promoter or the 3°-UTR of a target gene mRNA transcript, and flanking the polynucleotide sequences
(e.g., comprising the 5 terminal bases at each of the 5' and 3" ends of the gapmer) comprising one or more
modified nucleotides, such as 2' MOE, 2'0OMe, or Locked Nucleic Acid bases (LNA), which protect the

gapmer from cellular nucleases.

[00120] pdRNA can be used to selectively increase, decrease, or otherwise modulate expression of a
target gene. Without being limited to a particular theory, it is believed that pdRNAs modulate expression
of target genes by binding to endogenous antisense RNA transcripts which overlap with noncoding
regions of a target gene mRNA transcript, and recruiting Argonaute proteins (in the case of dsSRNA) or
host cell nucleases (e.g., RNase H) (in the case of gapmers) to selectively degrade the endogenous
antisense RNAs. In some embodiments, the endogenous antisense RNA negatively regulates expression
of the target gene and the pdRNA effector molecule activates expression of the target gene. Thus, in
some embodiments, pdRNAs can be used to selectively activate the expression of a target gene by
inhibiting the negative regulation of target gene expression by endogenous antisense RNA. Methods for
identifying antisense transcripts encoded by promoter sequences of target genes and for making and using
promoter-directed RNAs are described, e.g., in International Publication No. WO 2009/046397, herein

incorporated by reference in its entirety.

[00121] Expressed interfering RNA (eiRNA) can be used to selectively increase, decrease, or otherwise
modulate expression of a target gene. Typically, eiRNA, (e.g., expressed dsSRNA) is expressed in the first
transfected cell from an expression vector. In such a vector, the sense strand and the antisense strand of
the dsSRNA may be transcribed from the same nucleic acid sequence using e.g., two convergent promoters
at either end of the nucleic acid sequence or separate promoters transcribing either a sense or antisense
sequence. Alternatively, two plasmids can be cotransfected, with one of the plasmids designed to
transcribe one strand of the dsRNA while the other is designed to transcribe the other strand. Methods for
making and using eiRNA effector molecules are described, for example, in International Publication No.
WO 2006/033756, and in U.S. Pat. Pub. Nos. 2005/0239728 and 2006/0035344, which are incorporated

by reference in their entirety.
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[00122]In some embodiments, the RNA effector molecule comprises a small single-stranded Piwi-
interacting RNA (piRNA effector molecule) which is substantially complementary to at least a portion of
a target gene, as defined herein, and which selectively binds to proteins of the Piwi or Aubergine
subclasses of Argonaute proteins. Without being limited to a particular theory, it is believed that piRNA
effector molecules interact with RNA transcripts of target genes and recruit Piwi and/or Aubergine
proteins to form a ribonucleoprotein (RNP) complex that induces transcriptional and/or post-
transcriptional gene silencing of target genes. A piRNA effector molecule can be about 25-50 nucleotides
in length, about 25-39 nucleotides in length, or about 26-31 nucleotides in length. Methods for making
and using piRNA effector molecules are described, e.g., in U.S. Pat. Pub. No. 2009/0062228, herein

incorporated by reference in its entirety.

[00123]In some embodiments, the RNA effector molecule is an siRNA or shRNA effector molecule
introduced into an animal host cell by contacting the cell with an invasive bacterium containing one or
more siRNA or shRNA effector molecules or DNA encoding one or more siRNA or shRNA effector
molecules (a process sometimes referred to as transkingdom RNAi (tkRNAi)). The invasive bacterium
can be an attenuated strain of a bacterium selected from the group consisting of Listeria, Shigella,
Salmonella, E. coli, and Bifidobacteriae, or a non-invasive bacterium that has been genetically modified
to increase its invasive properties, e.g., by introducing one or more genes that enable invasive bacteria to
access the cytoplasm of host cells. Examples of such cytoplasm-targeting genes include listeriolysin O of
Listeria and the invasin protein of Yersinia pseudotuberculosis. Methods for delivering RNA effector
molecules to animal cells to induce transkingdom RNAI (tkRNAi) are described, e.g., in U.S. Pat. Pub.
Nos. 20080311081 to Fruehauf et al. and 20090123426 to Li et al., both of which are herein incorporated
by reference in their entirety. In one embodiment, the RNA effector molecule is an siRNA molecule. In

one embodiment, the RNA effector molecule is not an ShRNA molecule.

[00124] In some embodiments, the RNA effector molecule comprises a microRNA (miRNA).
MicroRNAs are a highly conserved class of small RNA molecules that are transcribed from DNA in the
genomes of plants and animals, but are not translated into protein. Pre-microRNAS are processed into
miRNAs. Processed microRNAs are single stranded ~17-25 nucleotide (nt) RNA molecules that become
incorporated into the RNA-induced silencing complex (RISC) and have been identified as key regulators
of development, cell proliferation, apoptosis and differentiation. They are believed to play a role in
regulation of gene expression by binding to the 3’-untranslated region of specific mRNAs. MicroRNAs
cause post-transcriptional silencing of specific target genes, e.g2., by inhibiting translation or initiating
degradation of the targeted mRNA. In some embodiments, the miRNA is completely complementary

with the target nucleic acid. In other embodiments, the miRNA has a region of noncomplementarity with
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the target nucleic acid, resulting in a “bulge” at the region of non-complementarity. In some
embodiments, the region of noncomplementarity (the bulge) is flanked by regions of sufficient
complementarity, e.g., complete complementarity, to allow duplex formation. Preferably, the regions of
complementarity are at least 8 to 10 nucleotides long (e.g., 8, 9, or 10 nucleotides long). miRNA can
inhibit gene expression by, e.g., repressing translation, such as when the miRNA is not completely
complementary to the target nucleic acid, or by causing target RNA degradation, when the miRNA binds

its target with perfect or a high degree of complementarity.

[00125] In further embodiments, the RNA effector molecule may comprise an oligonucleotide agent
which targets an endogenous miRNA or pre-miRNA. For example, the RNA effector may target an
endogenous miRNA which negatively regulates expression of a target gene, such that the RNA effector
alleviates miRNA-based inhibition of the target gene. The oligonucleotide agent can include naturally
occurring nucleobases, sugars, and covalent internucleotide (backbone) linkages and/or oligonucleotides
having one or more non-naturally-occurring features that confer desirable properties, such as enhanced
cellular uptake, enhanced affinity for the endogenous miRNA target, and/or increased stability in the
presence of nucleases. In some embodiments, an oligonucleotide agent designed to bind to a specific
endogenous miRNA has substantial complementarity, e.g., at least 70, 80, 90, or 100% complementary,
with at least 10, 20, or 25 or more bases of the target miRNA. Exemplary oligonucleotide agents that
target miRNAs and pre-miRNAsS are described, for example, in U.S. Pat. Pub. Nos.: 20090317907,
20090298174, 20090291907, 20090291906, 20090286969, 20090236225, 20090221685, 20090203893,
20070049547, 20050261218, 20090275729, 20090043082, 20070287179, 20060212950, 20060166910,
20050227934, 20050222067, 20050221490, 20050221293, 20050182005, and 20050059005, contents of

all of which are herein incorporated by reference.

[00126] An miRNA or pre-miRNA can be 16-100 nucleotides in length, and more preferably from 16-80
nucleotides in length. Mature miRNAs can have a length of 16-30 nucleotides, preferably 21-25
nucleotides, particularly 21, 22, 23, 24, or 25 nucleotides. miRNA precursors can have a length of 70-100
nucleotides and can have a hairpin conformation. In some embodiments, miRNAs are generated in vivo
from pre-miRNAs by the enzymes cDicer and Drosha. miRNAs or pre-miRNAS can be synthesized in
vivo by a cell-based system or can be chemically synthesized. miRNAs can comprise modifications
which impart one or more desired properties, such as improved stability, hybridization thermodynamics
with a target nucleic acid, targeting to a particular tissue or cell-type, and/or cell permeability, e.g., by an
endocytosis-dependent or -independent mechanism. Modifications can also increase sequence specificity,

and consequently decrease off-site targeting.
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[00127]In some embodiments, the RNA effector molecule comprises a single-stranded oligonucleotide
that interacts with and directs the cleavage of RNA transcripts of a target gene. It is particularly preferred
that single stranded RNA effector molecules comprise a 5° modification including one or more phosphate

groups or analogs thereof to protect the effector molecule from nuclease degradation.

[00128] In some embodiments, the RNA effector molecule comprises an antagomir. Antagomirs are
single stranded, double stranded, partially double stranded or hairpin structures that target a microRNA.
An antagomir consisting essentially of or comprises at least 12 or more contiguous nucleotides
substantially complementary to an endogenous miRNA and more particularly a target sequence of an
miRNA or pre-miRNA nucleotide sequence. Antagomirs preferably have a nucleotide sequence
sufficiently complementary to a miRNA target sequence of about 12 to 25 nucleotides, preferably about
15 to 23 nucleotides, to allow the antagomir to hybridize to the target sequence. More preferably, the
target sequence differs by no more than 1, 2, or 3 nucleotides from the sequence of the antagomir. In
some embodiments, the antagomir includes a non-nucleotide moiety, e.g., a cholesterol moiety, which can

be attached, e.g., to the 3' or 5' end of the oligonucleotide agent.

[00129]In some embodiments, antagomirs are stabilized against nucleolytic degradation by the
incorporation of a modification, e.g., a nucleotide modification. For example, in some embodiments,
antagomirs contain a phosphorothioate comprising at least the first, second, and/or third internucleotide
linkages at the 5' or 3' end of the nucleotide sequence. In further embodiments, antagomirs include a 2'-
modified nucleotide, e.g., a 2'-deoxy, 2'-deoxy-2'-fluoro, 2'-O-methyl, 2'-O-methoxyethyl (2'-O-MOE), 2'-
O-aminopropyl (2'-O-AP), 2'-O-dimethylaminoethyl (2'-O-DMAOE), 2'-O-dimethylaminopropyl (2'-O-
DMAP), 2'-O-dimethylaminoethyloxyethyl (2'-O-DMAEOE), or 2'-O-N-methylacetamido (2'-O-NMA).

In some preferred embodiments, antagomirs include at least one 2'-O-methyl-modified nucleotide.

[00130]In some embodiments, the RNA effector molecule comprises an aptamer which binds to a non-
nucleic acid ligand, such as a small organic molecule or protein, e.g., a transcription or translation factor,
and subsequently inhibits activity. An aptamer can fold into a specific structure that directs the
recognition of a targeted binding site on the non-nucleic acid ligand. Aptamers can contain any of the

modifications described herein.

[00131]In some embodiments, the RNA effector molecule is a single-stranded ‘““antisense” nucleic acid
having a nucleotide sequence that is complementary to at least a portion of a “sense” nucleic acid of a
target gene, e.g., the coding strand of a double-stranded cDNA molecule or an RNA sequence, e.g., a pre-
mRNA, mRNA, miRNA, or pre-miRNA. Accordingly, an antisense nucleic acid can form hydrogen
bonds with a sense nucleic acid target. In an alternative embodiment, the RNA effector molecule

comprises a duplex region of at least 9 nucleotides in length.
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[00132] Given a coding strand sequence (e.g., the sequence of a sense strand of a cDNA molecule),
antisense nucleic acids can be designed according to the rules of Watson and Crick base pairing. The
antisense nucleic acid can be complementary to a portion of the coding or noncoding region of an RNA,
e.g., the region surrounding the translation start site of a pre-mRNA or mRNA, e.g., the 5" UTR. An
antisense oligonucleotide can be, for example, about 10 to 25 nucleotides in length (e.g., 11, 12, 13, 14,
15, 16, 18, 19, 20, 21, 22, 23, or 24 nucleotides in length). In some embodiments, the antisense
oligonucleotide comprises one or more modified nucleotides, e.g., phosphorothioate derivatives and/or
acridine substituted nucleotides, designed to increase the biological stability of the molecule and/or the
physical stability of the duplexes formed between the antisense and target nucleic acids. Antisense
oligonucleotides can comprise ribonucleotides only, deoxyribonucleotides only (e.g.,
oligodeoxynucleotides), or both deoxyribonucleotides and ribonucleotides. For example, an antisense
agent consisting only of ribonucleotides can hybridize to a complementary RNA and prevent access of the
translation machinery to the target RNA transcript, thereby preventing protein synthesis. An antisense
molecule including only deoxyribonucleotides, or deoxyribonucleotides and ribonucleotides, can
hybridize to a complementary RNA and the RNA target can be subsequently cleaved by an enzyme, e.g.,
RNAse H, to prevent translation. The flanking RNA sequences can include 2'-O-methylated nucleotides,
and phosphorothioate linkages, and the internal DNA sequence can include phosphorothioate
internucleotide linkages. The internal DNA sequence is preferably at least five nucleotides in length

when targeting by RNAseH activity is desired.

[00133] The skilled artisan will recognize that the term “oligonucleotide” or “nucleic acid molecule”
encompasses not only nucleic acid molecules as expressed or found in nature, but also analogs and
derivatives of nucleic acids comprising one or more ribo- or deoxyribo- nucleotide/nucleoside analogs or
derivatives as described herein or as known in the art. Strictly speaking, a “nucleoside” includes a
nucleoside base and a ribose or a 2’-deoxyribose sugar, and a “nucleotide” is a nucleoside with one, two
or three phosphate moieties. However, the terms “nucleoside” and “nucleotide” can be considered to be
equivalent as used herein. An oligonucleotide can be modified in the nucleobase structure or in the
ribose-phosphate backbone structure, e.g., as described herein below. However, the molecules
comprising nucleoside analogs or derivatives must retain the ability to form a duplex. As non-limiting
examples, an oligonucleotide can also include at least one modified nucleoside including but not limited
to a 2'-O-methyl modified nucleoside, a nucleoside comprising a 5' phosphorothioate group, a terminal
nucleoside linked to a cholesterol derivative or dodecanoic acid bisdecylamide group, a locked
nucleoside, an abasic nucleoside, a 2'-deoxy-2'-fluoro modified nucleoside, a 2'-amino-modified
nucleoside, 2'-alkyl-modified nucleoside, morpholino nucleoside, a phosphoramidate or a non-natural

base comprising nucleoside, or any combination thereof. Alternatively, an oligonucleotide can comprise

33



WO 2011/109600 PCT/US2011/026994

at Jeast two modified nucleosides, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9,
at least 10, at least 15, at least 20 or more, up to the entire length of the oligonucleotide. The
modifications need not be the same for each of such a plurality of modified nucleosides in an
oligonucleotide. When RNA effector molecule is double stranded, each strand can be independently
modified as to number, type and/or location of the modified nucleosides. In one embodiment, modified
oligonucleotides contemplated for use in methods and compositions described herein are peptide nucleic
acids (PNAs) that have the ability to form the required duplex structure and that permit or mediate the
specific degradation of a target RNA via a RISC pathway.

[00134] A double-stranded oligonucleotide can include one or more single-stranded nucleotide overhangs.
As used herein, the term “nucleotide overhang™ refers to at least one unpaired nucleotide that protrudes
from the duplex structure of a double-stranded oligonucleotide, e.g., a dSRNA. For example, when a 3'-
end of one strand of double-stranded oligonucleotide extends beyond the 5'-end of the other strand, or
vice versa, there is a nucleotide overhang. A double-stranded oligonucleotide can comprise an overhang
of at least one nucleotide; alternatively the overhang can comprise at least two nucleotides, at least three
nucleotides, at least four nucleotides, at least five nucleotides or more. A nucleotide overhang can
comprise or consist of a nucleotide/nucleoside analog. The overhang(s) can be on the sense strand, the
antisense strand or any combination thereof. Furthermore, the nucleotide(s) of an overhang can be present

on the 5" end , 3' end or both ends of either an antisense or sense strand of a dsSRNA.

[00135]In one embodiment, the antisense strand of a double-stranded oligonucleotide has a 1-10
nucleotide overhang at the 3’ end and/or the 5 end. In one embodiment, the sense strand of a double-
stranded oligonucleotide has a 1-10 nucleotide overhang at the 3’ end and/or the 5 end. In another
embodiment, one or more of the internucleoside linkages in the overhang is replaced with a
phosphorothioate. In some embodiments, the overhang comprises one or more deoxyribonucleoside. In
some embodiments, overhang comprises the sequence 5’-dTdT-3. In some embodiments, overhang

comprises the sequence 5°-d1*dT-3, wherein * is a phosphorothioate internucleoside linkage.

[00136] The terms “blunt” or “blunt ended” as used herein in reference to double-stranded oligonucleotide
mean that there are no unpaired nucleotides or nucleotide analogs at a given terminal end of a double-
stranded oligonucleotide, i.e., no nucleotide overhang. One or both ends of a double-stranded
oligonucleotide can be blunt. Where both ends are blunt, the oligonucleotide is said to be double-blunt
ended. To be clear, a “double-blunt ended” oligonucleotide is a double-stranded oligonucleotide that is
blunt at both ends, i.e., no nucleotide overhang at either end of the molecule. Most often such a molecule
will be double-stranded over its entire length. When only one end of is blunt, the oligonucleotide is said

to be single-blunt ended. To be clear, a “single-blunt ended” oligonucleotide is a double-stranded
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oligonucleotide that is blunt at only one end, i.e., no nucleotide overhang at one end of the molecule.

Generally, a single-blunt ended oligonucleotide is blunt ended at the 5°-end of sense stand.

[00137] The term “antisense strand” or "guide strand" refers to the strand of an RNA effector molecule,
e.g., a dsSRNA, which includes a region that is substantially complementary to a target sequence. As used
herein, the term “region of complementarity” refers to the region on the antisense strand that is
substantially complementary to a sequence, for example a target sequence, as defined herein. Where the
region of complementarity is not fully complementary to the target sequence, the mismatches can be in
the internal or terminal regions of the molecule. Generally, the most tolerated mismatches are in the

terminal regions, e.g., within 5, 4, 3, or 2 nucleotides of the 5’ and/or 3’ terminus.

[00138] The term “sense strand,” or "passenger strand" as used herein, refers to the strand of an RNA
effector molecule that includes a region that is substantially complementary to a region of the antisense

strand as that term is defined herein.
Plurality of RNA effector molecules

[00139]In one embodiment, a plurality of different RNA effector molecules are contacted with the cell
culture and permit modulation of one or more target genes (e.g., a gene involved in protein glycosylation).
In one embodiment, the RNA effector molecules are contacted with the cell culture during production of

the polypeptide.

[00140] In some embodiments, RNA effector compositions comprise two or more RNA effector
molecules, e.g., two, three, four or more RNA effector molecules. In various embodiments, the two or
more RNA effector molecules are capable of modulating expression of the same target gene and/or one or
more additional target genes. Advantageously, certain compositions comprising multiple RNA effector
molecules are more effective in modifying the glycosylation pattern of a polypeptide, or one or more
aspects of such production, than separate compositions comprising the individual RNA effector
molecules. In some embodiments, the plurality of RNA effector molecules are selected from those

provided in Tables 2-24 herein.

[00141] In one embodiment, when a plurality of different RNA effector molecules are used to modulate
expression of one or more target genes the plurality of RNA effector molecules are contacted with the
culture simultaneously or separately. In addition, each RNA effector molecule can have its own dosage
regime. For example, in one embodiment one may prepare a composition comprising a plurality of RNA
effector molecules that is contacted with a cell. Alternatively, one may administer one RNA effector
molecule at a time to the cell culture. In this manner, one can easily tailor the average percent inhibition

desired for each target gene by altering the frequency of administration of a particular RNA effector
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molecule. Contacting a cell with each RNA effector molecule separately can also prevent interactions
between RNA effector molecules that can reduce efficiency of target gene modulation. For ease of use
and to prevent potential contamination it may be preferred to administer a cocktail of different RNA
effector molecules, thereby reducing the number of doses required and minimizing the chance of

introducing a contaminant to the cell culture.

dsRNA effector molecules

[00142] In some embodiments, RNA effector molecule is a double-stranded oligonucleotide comprising a
sense strand and an antisense strand, wherein the antisense strand has a region of complementarity to at
least part of a target gene RNA. The sense strand includes a region that is complementary to the antisense
strand, such that the two strands hybridize and form a duplex structure when combined under suitable
conditions. Typically, region of complementarity is 30 nucleotides or less in length, generally 10-26
nucleotides in length, preferably 18-25 nucleotides in length, and most preferably 19-24 nucleotides in
length. Upon contact with a cell expressing the target gene, the RNA effector molecule inhibits the
expression of the target gene by at least 10% as assayed by, for example, a PCR or branched DNA
(bDNA)-based method, or by a protein-based method, such as by Western blot. Expression of a target
gene in cell culture, such as in COS cells, HeLa cells, CHO cells, or the like, can be assayed by measuring
target gene mRNA levels, e.g., by bDNA or TagMan assay, or by measuring protein levels, e.g., by

immunofluorescence analysis.

[00143] As the ordinarily skilled person will recognize, the targeted region of an RNA targeted for
cleavage will most often be part of a larger RNA molecule, often an mRNA molecule. Where relevant, a
“part” of an RNA target is a contiguous sequence of an RNA target of sufficient length to be a substrate
for RNAi-directed cleavage (i.e., cleavage through a RISC pathway). dsRNAs having duplexes as short
as 9 base pairs can, under some circumstances, mediate RNAi-directed RNA cleavage. Most often a

target will be at least 15 nucleotides in length, preferably 15-30 nucleotides in length.

[00144] One of skill in the art will also recognize that the duplex region is a primary functional portion of
a double-stranded oligonucleotide, e.g., a duplex region of 9 to 36, e.g., 15-30 base pairs. Thus, in one
embodiment, to the extent that it becomes processed to a functional duplex of e.g., 15-30 base pairs that
targets a desired RNA for cleavage, an oligonucleotide having a duplex region greater than 30 base pairs

is an RNA effector molecule.
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[00145] The oligonucleotides can be synthesized by standard methods known in the art as further
discussed below, e.g., by use of an automated DNA synthesizer, such as are commercially available from,
for example, Biosearch, Applied Biosystems, Inc. In one embodiment, a target gene is a human target
gene. In specific embodiments, the first sequence is a sense strand of a double-stranded oligonucleotide
that includes a sense sequence from one of Tables 2-24, and the second sequence is selected from the
group consisting of the antisense sequences of one of Tables 2-24. Alternative RNA effector molecules
that target elsewhere in the target sequence provided in Tables 2-24 can readily be determined using the

target sequence and the flanking target sequence.

[00146] In one aspect, a double-stranded oligonucleotide will include at least two nucleotide sequences
selected from the groups of sequences provided in Tables 2-24. In this aspect, one of the two sequences
is complementary to the other of the two sequences, with one of the sequences being substantially
complementary to a sequence of a target RNA generated in the expression of a target gene. As such, in
this aspect, a double-stranded RNA effector molecule will include two oligonucleotides, where one
oligonucleotide is described as the sense strand in Tables 2-24, and the second oligonucleotide is
described as the antisense strand in Tables 2-24. As described elsewhere herein and as known in the art,
the complementary sequences of a double-stranded RNA effector molecule can also be contained as self-
complementary regions of a single nucleic acid molecule, as opposed to being on separate

oligonucleotides (e.g., shRNA).

[00147] The skilled person is well aware that dsRNAs having a duplex structure of between 20 and 23,
but specifically 21, base pairs have been hailed as particularly effective in inducing RNA interference
(Elbashir et al., EMBO 2001, 20:6877-6888, herein incorporated by reference in its entirety). However,
others have found that shorter or longer RNA duplex structures can be effective as well. In the
embodiments described above, by virtue of the nature of the oligonucleotide sequences provided in
Tables 2-24, dsRNAs described herein can include at least one strand of a length of minimally 21 nt. It
can be reasonably expected that shorter duplexes having one of the sequences of Tables 2-24 minus only
a few nucleotides on one or both ends may be similarly effective as compared to the dsRNAs described
above. Hence, dsRNAs having a partial sequence of at least 15, 16, 17, 18, 19, 20, or more contiguous
nucleotides from one of the sequences of Tables 2-24, and differing in their ability to inhibit the
expression of a target gene by not more than 5, 10, 15, 20, 25, or 30 % inhibition from a dSRNA

comprising the full sequence, are contemplated according to the invention.

[00148] While a target sequence is generally 15-30 nucleotides in length, there is wide variation in the

suitability of particular sequences in this range for directing cleavage of any given target RNA. Various
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software packages and the guidelines set out herein provide guidance for the identification of optimal
target sequences for any given gene target, but an empirical approach can also be taken in which a
“window” or “mask” of a given size (as a non-limiting example, 21 nucleotides) is literally or figuratively
(including, e.g., in silico) placed on the target RNA sequence to identify sequences in the size range that
can serve as target sequences. By moving the sequence “window” progressively one nucleotide upstream
or downstream of an initial target sequence location, the next potential target sequence can be identified,
until the complete set of possible sequences is identified for any given target size selected. This process,
coupled with systematic synthesis and testing of the identified sequences (using assays as described
herein or as known in the art) to identify those sequences that perform optimally can identify those RNA
sequences that, when targeted with an RNA effector molecule agent, mediate the best inhibition of target
gene expression. Thus, while the sequences identified, for example, in Tables 2-24 represent effective
target sequences, it is contemplated that further optimization of inhibition efficiency can be achieved by
progressively “walking the window” one nucleotide upstream or downstream of the given sequences to

identify sequences with equal or better inhibition characteristics.

[00149] Further, it is contemplated that for any sequence identified, e.g., in Tables 2-24, further
optimization could be achieved by systematically either adding or removing nucleotides to generate
longer or shorter sequences and testing those sequences generated by walking a window of the longer or
shorter size up or down the target RNA from that point. Again, coupling this approach to generating new
candidate targets with testing for effectiveness of RNA effector molecules based on those target
sequences in an inhibition assay as known in the art or as described herein can lead to further
improvements in the efficiency of inhibition. Further still, such optimized sequences can be adjusted by,
e.g., the introduction of modified nucleotides as described herein or as known in the art, addition or
changes in overhang, or other modifications as known in the art and/or discussed herein to further
optimize the molecule (e.g., increasing serum stability or circulating half-life, increasing thermal stability,
enhancing transmembrane delivery, targeting to a particular location or cell type, increasing interaction

with silencing pathway enzymes, increasing release from endosomes, etc.) as an expression inhibitor.

[00150] An RNA effector molecule as described herein can contain one or more mismatches to the target
sequence. In one embodiment, an RNA effector molecule as described herein contains no more than

3 mismatches. If the antisense strand of the RNA effector molecule contains mismatches to a target
sequence, it is preferable that the area of mismatch not be located in the center of the region of
complementarity. If the antisense strand of the RNA effector molecule contains mismatches to the target
sequence, it is preferable that the mismatch be restricted to be within the last 5 nucleotides from either the

5 or 3" end of the region of complementarity. For example, for a 23 nucleotide RNA effector molecule
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agent RNA strand which is complementary to a region of a target gene, the RNA strand generally does
not contain any mismatch within the central 13 nucleotides. The methods described herein or methods
known in the art can be used to determine whether an RNA effector molecule containing a mismatch to a
target sequence is effective in inhibiting the expression of a target gene. Consideration of the efficacy of
RNA effector molecules with mismatches in inhibiting expression of a target gene is important, especially
if the particular region of complementarity in a target gene is known to have polymorphic sequence

variation within the population.

[00151]In yet another embodiment, an oligonucleotide is chemically modified to enhance stability or
other beneficial characteristics. Oligonucleotides can be modified to prevent rapid degradation of the
oligonucleotides by endo- and exo-nucleases and avoid undesirable off-target effects. The nucleic acids
featured in the invention can be synthesized and/or modified by methods well established in the art, such
as those described in “Current protocols in nucleic acid chemistry,” Beaucage, S.L. et al. (Edrs.), John
Wiley & Sons, Inc., New York, NY, USA, which is hereby incorporated herein by reference in its
entirety. Modifications include, for example, (a) end modifications, e.g., 5° end modifications
(phosphorylation, conjugation, inverted linkages, etc.) 3° end modifications (conjugation, DNA
nucleotides, inverted linkages, etc.), (b) base modifications, e.g., replacement with stabilizing bases,
destabilizing bases, or bases that base pair with an expanded repertoire of partners, removal of bases
(abasic nucleotides), or conjugated bases, (c) sugar modifications (e.g., at the 2’ position or 4’ position) or
replacement of the sugar, as well as (d) internucleoside linkage modifications, including modification or
replacement of the phosphodiester linkages. Specific examples of oligonucleotide compounds useful in
this invention include, but are not limited to oligonucleotides containing modified or non-natural
internucleoside linkages. Oligonucleotides having modified internucleoside linkages include, among
others, those that do not have a phosphorus atom in the internucleoside linkage. For the purposes of this
specification, and as sometimes referenced in the art, modified oligonucleotides that do not have a
phosphorus atom in their internucleoside linkage(s) can also be considered to be oligonucleosides. In
particular embodiments, the modified oligonucleotides will have a phosphorus atom in its internucleoside

linkage(s).

[00152] Modified internucleoside linkages include, for example, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl and other
alkyl phosphonates including 3'-alkylene phosphonates and chiral phosphonates, phosphinates,
phosphoramidates including 3'-amino phosphoramidate and aminoalkylphosphoramidates,
thionophosphoramidates, thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates

having normal 3'-5' linkages, 2'-5' linked analogs of these, and those) having inverted polarity wherein the
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adjacent pairs of nucleoside units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2". Various salts, mixed salts and

free acid forms are also included.

[00153] Representative U.S. patents that teach the preparation of the above phosphorus-containing
linkages include, but are not limited to, U.S. Pat. Nos. 3,687,808; 4,469,863; 4,476,301; 5,023,243;
5,177,195; 5,188,897; 5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321,131; 5,399,676; 5,405,939;
5,453,496; 5,455,233; 5,466,677; 5,476,925; 5,519,126; 5,536,821; 5,541,316; 5,550,111; 5,563,253;
5,571,799; 5,587,361; 5,625,050; 6,028,188; 6,124,445; 6,160,109; 6,169,170; 6,172,209; 6, 239,265;
6,277,603; 6,326,199; 6,346,614; 6,444,423; 6,531,590; 6,534,639; 6,608,035; 6,683,167; 6,858,715;
6,867,294; 6,878,805; 7,015,315, 7,041,816; 7,273,933; 7,321,029; and US Pat RE39464, each of which

is herein incorporated by reference in its entirety.

[00154] Modified oligonucleotide internucleoside linkages that do not include a phosphorus atom therein
have internucleoside linkages that are formed by short chain alkyl or cycloalkyl internucleoside linkages,
mixed heteroatoms and alkyl or cycloalkyl internucleoside linkages, or one or more short chain
heteroatomic or heterocyclic internucleoside linkages. These include those having morpholino linkages
(formed in part from the sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and
sulfone backbones; formacetyl and thioformacetyl backbones; methylene formacetyl and thioformacetyl
backbones; alkene containing backbones; sulfamate backbones; methyleneimino and methylenehydrazino
backbones; sulfonate and sulfonamide backbones; amide backbones; and others having mixed N, O, S and

CH; component parts.

[00155] Representative U.S. patents that teach the preparation of the above oligonucleosides include, but
are not limited to, U.S. Pat. Nos. 5,034,506; 5,166,315; 5,185,444; 5,214,134, 5,216,141, 5,235,033;
5,64,562; 5,264,564; 5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489,677; 5,541,307; 5,561,225;
5.596,086; 5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312; 5,633,360; 5,677,437; and

5,677,439, each of which is herein incorporated by reference in its entirety.

[00156] In other modified oligonucleotides suitable or contemplated for use in RNA effector molecules,
both the sugar and the internucleoside linkage, i.e., the backbone, of the nucleotide units are replaced with
novel groups. The base units are maintained for hybridization with an appropriate nucleic acid target
compound. One such oligomeric compound, an RNA mimetic that has been shown to have excellent
hybridization properties, is referred to as a peptide nucleic acid (PNA). In PNA compounds, the sugar
backbone of an RNA is replaced with an amide containing backbone, in particular an aminoethylglycine

backbone. The nucleobases are retained and are bound directly or indirectly to aza nitrogen atoms of the
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amide portion of the backbone. Representative U.S. patents that teach the preparation of PNA compounds
include, but are not limited to, U.S. Pat. Nos. 5,539,082; 5,714,331; and 5,719,262, each of which is
herein incorporated by reference in its entirety. Further teaching of PNA compounds can be found, for

example, in Nielsen et al., Science, 1991, 254, 1497-1500, herein incorporated by reference in its entirety.

[00157] Some embodiments featured in the invention include oligonucleotides with phosphorothioate
internucleoside linkages and oligonucleosides with heteroatom internucleoside linkage, and in particular -
-CH,-NH-CH,-, -CH,-N(CH;)-O-CH,- [known as a methylene (methylimino) or MMI |, -CH,-O-N(CHj;)-
CIH,-, -CH,-N(CH;)-N(CH;)-CH,- and -N(CHs;)-CH,-CH,- [wherein the native phosphodiester
internucleoside linkage is represented as -O-P-O-CH,-] of the above-referenced U.S. Pat. No. 5,489,677,
and the amide backbones of the above-referenced U.S. Pat. No. 5,602,240, both of which are herein
incorporated by reference in their entirety. In some embodiments, the oligonucleotides featured herein
have morpholino backbone structures of the above-referenced U.S. Pat. No. 5,034,506, herein

incorporated by reference in its entirety.

[00158] Modified oligonucleotides can also contain one or more substituted sugar moieties. The
oligonucleotides featured herein can include one of the following at the 2' position: H (deoxyribose); OH
(ribose); F; O-, S-, or N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the
alkyl, alkenyl and alkynyl can be substituted or unsubstituted C; to C;q alkyl or C, to Cyo alkenyl and
alkynyl. Exemplary suitable modifications include O[(CH,),0] ,,CHs, O(CH,).,OCHs, O(CH,),NH,,
O(CH,) ,CH;, O(CH,),ONH,, and O(CH,),ON[(CH,),CH3)]>, where n and m are from 1 to about 10. In
some embodiments, oligonucleotides include one of the following at the 2' position: C; to Cyo lower alkyl,
substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCHs, OCN, Cl, Br, CN, CF;, OCF;,
SOCHs3;, SO,CH;, ONO,, NO,, N3, NH,, heterocycloalkyl, heterocycloalkaryl, aminoalkylamino,
polyalkylamino, substituted silyl, an RNA cleaving group, a reporter group, an intercalator, a group for
improving the pharmacokinetic properties of an oligonucleotide, or a group for improving the
pharmacodynamic properties of an oligonucleotide, and other substituents having similar properties. In
some embodiments, the modification includes a 2'-methoxyethoxy (2'-O-CH,CH,OCH3;, also known as 2'-
O-(2-methoxyethyl) or 2-MOE) (Matrtin et al., Helv. Chim. Acta, 1995, 78:486-504) i.e., an alkoxy-
alkoxy group. Another exemplary modification is 2'-dimethylaminooxyethoxy, i.e., a O(CH,),ON(CHs),
group, also known as 2-DMAOQOE, as described in examples herein below, and 2'-
dimethylaminoethoxyethoxy (also known in the art as 2'-O-dimethylaminoethoxyethyl or 2'-DMAEOE),
i.e., 2'-0--CH,--0O--CH,--N(CH.,),, also described in examples herein below.
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[00159] Other modifications include 2'-methoxy (2'-OCH3), 2'-aminopropoxy (2'-OCH,CH,CH,NH,) and
2'-fluoro (2'-F). Similar modifications can also be made at other positions on the oligonucleotide,
particularly the 3' position of the sugar on the 3' terminal nucleotide or in 2'-5' linked oligonucleotides and
the 5' position of 5' terminal nucleotide. Oligonucleotide can also have sugar mimetics such as cyclobutyl
moieties in place of the pentofuranosyl sugar. Representative U.S. patents that teach the preparation of
such modified sugar structures include, but are not limited to, U.S. Pat. Nos. 4,981,957; 5,118,800;
5.319.,080; 5,359,044 5,393,878; 5,446,137; 5,466,786; 5,514,785; 5,519,134; 5,567,811; 5,576,427,
5,591,722; 5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873; 5,670,633; and 5,700,920,
certain of which are commonly owned with the instant application, and each of which is herein

incorporated by reference in its entirety.

[00160] An oligonucleotide can also include nucleobase (often referred to in the art simply as “base”)
modifications or substitutions. As used herein, “unmodified” or “natural” nucleobases include the purine
bases adenine (A) and guanine (G), and the pyrimidine bases thymine (1), cytosine (C) and uracil (U).
Modified nucleobases include other synthetic and natural nucleobases such as inosine, xanthine,
hypoxanthine, nubularine, isoguanisine, tubercidine, 2-(halo)adenine, 2-(alkyl)adenine, 2-(propyl)adenine,
2-(amino)adenine, 2-(aminoalkyll)adenine, 2-(aminopropyl)adenine,
2—(methylthio)—N6—(isopentenyl)adenine, 6-(alkyl)adenine, 6-(methyl)adenine, 7-(deaza)adenine,
8-(alkenyl)adenine, 8-(alkyl)adenine, 8-(alkynyl)adenine, 8-(amino)adenine, 8-(halo)adenine, 8-
(hydroxyl)adenine, 8-(thioalkyl)adenine, 8-(thiol)adenine, N6—(is0pentyl)adenine, N6—(methyl)adenine,
N°, N°-(dimethyl)adenine, 2-(alkyl)guanine,2-(propyl)guanine, 6-(alkyl)guanine, 6-(methyl)guanine,
7-(alkyl)guanine, 7-(methyl)guanine, 7-(deaza)guanine, 8-(alkyl)guanine, 8-(alkenyl)guanine,
8-(alkynyl)guanine, 8-(amino)guanine, 8-(halo)guanine, 8-(hydroxyl)guanine, 8-(thioalkyl)guanine, 8-
(thiol)guanine, N-(methyl)guanine, 2-(thio)cytosine, 3-(deaza)-5-(aza)cytosine, 3-(alkyl)cytosine,
3-(methyl)cytosine, 5-(alkyl)cytosine, 5-(alkynyl)cytosine, 5-(halo)cytosine, 5-(methyl)cytosine,
5-(propynyl)cytosine, 5-(propynyl)cytosine, 5-(trifluoromethyl)cytosine, 6-(azo)cytosine,
N4—(acetyl)cytosine, 3-(3-amino-3-carboxypropyl)uracil, 2-(thio)uracil, 5-(methyl)-2-(thio)uracil,
5-(methylaminomethyl)-2-(thio)uracil, 4-(thio)uracil, 5-(methyl)-4-(thio)uracil, 5-(methylaminomethyl)-
4-(thio)uracil, 5-(methyl)-2,4-(dithio)uracil, 5-(methylaminomethyl)-2.,4-(dithio)uracil, 5-(2-
aminopropyl)uracil, 5-(alkyl)uracil, 5-(alkynyl)uracil, 5-(allylamino)uracil, 5-(aminoallyl)uracil,
5-(aminoalkyl)uracil, 5-(guanidiniumalkyl)uracil, 5-(1,3-diazole-1-alkyl)uracil, 5-(cyanoalkyl)uracil, 5-
(dialkylaminoalkyl)uracil, 5-(dimethylaminoalkyl)uracil, 5-(halo)uracil, 5-(methoxy)uracil, uracil-
5-oxyacetic acid, 5-(methoxycarbonylmethyl)-2-(thio)uracil, 5-(methoxycarbonyl-methyl)uracil,
5-(propynyluracil, 5-(propynyl)uracil, 5-(trifluoromethyl)uracil, 6-(azo)uracil, dihydrouracil,
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N3—(methyl)uracil, S-uracil (i.e., pseudouracil), 2-(thio)pseudouracil,4-(thio)pseudouracil,2,4-
(dithio)psuedouracil,5-(alkyl)pseudouracil, 5-(methyl)pseudouracil, 5-(alkyl)-2-(thio)pseudouracil, 5-
(methyl)-2-(thio)pseudouracil, 5-(alkyl)-4-(thio)pseudouracil, 5-(methyl)-4-(thio)pseudouracil, 5-(alkyl)-
2,4-(dithio)pseudouracil, 5-(methyl)-2,4-(dithio)pseudouracil, 1-substituted pseudouracil, 1-substituted
2(thio)-pseudouracil, 1-substituted 4-(thio)pseudouracil, 1-substituted 2,4-(dithio)pseudouracil,
1-(aminocarbonylethylenyl)-pseudouracil, 1-(aminocarbonylethylenyl)-2(thio)-pseudouracil,
1-(aminocarbonylethylenyl)-4-(thio)pseudouracil, 1-(aminocarbonylethylenyl)-2.4-(dithio)pseudouracil,
1-(aminoalkylaminocarbonylethylenyl)-pseudouracil, 1-(aminoalkylamino-carbonylethylenyl)-2(thio)-
pseudouracil, 1-(aminoalkylaminocarbonylethylenyl)-4-(thio)pseudouracil,
1-(aminoalkylaminocarbonylethylenyl)-2,4-(dithio)pseudouracil, 1,3-(diaza)-2-(oxo)-phenoxazin-1-yl, 1-
(aza)-2-(thio)-3-(aza)-phenoxazin-1-yl, 1,3-(diaza)-2-(oxo)-phenthiazin-1-yl, 1-(aza)-2-(thio)-3-(aza)-
phenthiazin-1-yl, 7-substituted 1,3-(diaza)-2-(oxo)-phenoxazin-1-yl, 7-substituted 1-(aza)-2-(thio)-3-
(aza)-phenoxazin-1-yl, 7-substituted 1,3-(diaza)-2-(oxo)-phenthiazin-1-yl, 7-substituted 1-(aza)-2-(thio)-
3-(aza)-phenthiazin-1-yl, 7-(aminoalkylhydroxy)-1,3-(diaza)-2-(oxo)-phenoxazin-1-yl, 7-
(aminoalkylhydroxy)-1-(aza)-2-(thio)-3-(aza)-phenoxazin-1-yl, 7-(aminoalkylhydroxy)-1,3-(diaza)-2-
(oxo)-phenthiazin-1-yl, 7-(aminoalkylhydroxy)-1-(aza)-2-(thio)-3-(aza)-phenthiazin-1-yl, 7-
(guanidiniumalkylhydroxy)-1,3-(diaza)-2-(oxo)-phenoxazin-1-yl, 7-(guanidiniumalkylhydroxy)-1-(aza)-
2-(thio)-3-(aza)-phenoxazin-1-yl, 7-(guanidiniumalkyl-hydroxy)-1,3-(diaza)-2-(oxo)-phenthiazin-1-yl, 7-
(guanidiniumalkylhydroxy)-1-(aza)-2-(thio)-3-(aza)-phenthiazin-1-yl, 1,3,5-(triaza)-2,6-(dioxa)-
naphthalene, inosine, xanthine, hypoxanthine, nubularine, tubercidine, isoguanisine, inosinyl, 2-aza-
inosinyl, 7-deaza-inosinyl, nitroimidazolyl, nitropyrazolyl, nitrobenzimidazolyl, nitroindazolyl,
aminoindolyl, pyrrolopyrimidinyl, 3-(methyl)isocarbostyrilyl, 5-(methyl)isocarbostyrilyl, 3-(methyl)-7-
(propynyl)isocarbostyrilyl, 7-(aza)indolyl, 6-(methyl)-7-(aza)indolyl, imidizopyridinyl, 9-(methyl)-
imidizopyridinyl, pyrrolopyrizinyl, isocarbostyrilyl, 7-(propynyl)isocarbostyrilyl, propynyl-7-(aza)indolyl,
2.4,5-(trimethyl)phenyl, 4-(methyl)indolyl, 4,6-(dimethyl)indolyl, phenyl, napthalenyl, anthraceny],
phenanthracenyl, pyrenyl, stilbenyl, tetracenyl, pentacenyl, difluorotolyl, 4-(fluoro)-6-
(methyl)benzimidazole, 4-(methyl)benzimidazole, 6-(azo)thymine, 2-pyridinone, 5-nitroindole,
3-nitropyrrole, 6-(aza)pyrimidine, 2-(amino)purine, 2,6-(diamino)purine, 5-substituted pyrimidines, N*-
substituted purines, N®-substituted purines, O%-substituted purines, substituted 1,2,4-triazoles, pyrrolo-
pyrimidin-2-on-3-yl, 6-phenyl-pyrrolo-pyrimidin-2-on-3-yl, para-substituted-6-phenyl-pyrrolo-
pyrimidin-2-on-3-yl, ortho-substituted-6-phenyl-pyrrolo-pyrimidin-2-on-3-yl, bis-ortho-substituted-6-
phenyl-pyrrolo-pyrimidin-2-on-3-yl, para-(aminoalkylhydroxy)- 6-phenyl-pyrrolo-pyrimidin-2-on-3-yl,
ortho-(aminoalkylhydroxy)- 6-phenyl-pyrrolo-pyrimidin-2-on-3-yl, bis-ortho--(aminoalkylhydroxy)- 6-
phenyl-pyrrolo-pyrimidin-2-on-3-yl, pyridopyrimidin-3-yl, 2-0x0-7-amino-pyridopyrimidin-3-yl, 2-oxo-
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pyridopyrimidine-3-yl, or any O-alkylated or N-alkylated derivatives thereof. Modified nucleobases also

include natural bases that comprise conjugated moieties, e.g. a ligand described herein.

[00161] Further nucleobases include those disclosed in U.S. Pat. No. 3,687,808, those disclosed in
Modified Nucleosides in Biochemistry, Biotechnology and Medicine, Herdewijn, P. ed. Wiley-VCH,
2008; those disclosed in Int. Appl. No. PCT/US09/038425, filed March 26, 2009; those disclosed in The
Concise Encyclopedia Of Polymer Science And Engineering, pages 858-859, Kroschwitz, J. L, ed. John
Wiley & Sons, 1990, these disclosed by Englisch et al., Angewandte Chemie, International Edition, 1991,
30, 613, and those disclosed by Sanghvi, Y S., Chapter 15, dsSRNA Research and Applications, pages
289-302, Crooke, S. T. and Lebleu, B., Ed., CRC Press, 1993. Certain of these nucleobases are
particularly useful for increasing the binding affinity of the oligomeric compositions featured in the
invention. These include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and (-6 substituted
purines, including 2-aminopropyladenine, 5-propynyluracil and 5-propynylcytosine. 5-methylcytosine
substitutions have been shown to increase nucleic acid duplex stability by 0.6-1.2°C (Sanghvi, Y. S.,
Crooke, S. T. and Lebleu, B., Eds., dSRNA Research and Applications, CRC Press, Boca Raton, 1993, pp.
276-278, herein incorporated by reference in its entirety) and are exemplary base substitutions, even more

particularly when combined with 2'-O-methoxyethyl sugar modifications.

[00162] Representative U.S. patents that teach the preparation of certain of the above noted modified
nucleobases as well as other modified nucleobases include, but are not limited to, the above noted U.S.
Pat. No. 3,687,808, as well as U.S. Pat. Nos. 4,845,205; 5,130,30; 5,134,066; 5,175,273; 5,367,066;
5,432,272; 5,457,187; 5,457,191, 5,459,255; 5,484,908; 5,502,177; 5,525,711; 5,552,540; 5,587,469;
5,594,121, 5,596,091; 5,614,617; 5,681,941; 6,015,886; 6,147,200; 6,166,197; 6,222,025; 6,235,887;
6,380,368; 6,528,640; 6,639,062; 6,617,438; 7,045,610; 7,427,672; and 7,495,088, each of which is
herein incorporated by reference in its entirety, and U.S. Pat. No. 5,750,692, also herein incorporated by

reference in its entirety.

[00163] The oligonucleotides can also be modified to include one or more locked nucleic acids (LNA). A
locked nucleic acid is a nucleotide having a modified ribose moiety in which the ribose moiety comprises
an extra bridge connecting the 2' and 4' carbons. This structure effectively "locks" the ribose in the 3'-
endo structural conformation. The addition of locked nucleic acids to oligonucleotides has been shown to
increase oligonucleotide stability in serum, and to reduce off-target effects (see e.g., Elmen, J. et al.,
(2005) Nucleic Acids Research 33(1):439-447; Mook, OR. et al., (2007) Mol Canc Ther 6(3):833-843;
Grunweller, A. et al., (2003) Nucleic Acids Research 31(12):3185-3193, each of which is herein

incorporated by reference in its entirety).
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[00164] Representative U.S. Patents that teach the preparation of locked nucleic acid nucleotides include,
but are not limited to, the following: U.S. Pat. Nos. 6,268,490; 6,670,461; 6,794,499; 6,998,484;
7,053,207; 7,084,125; and 7,399,845, each of which is herein incorporated by reference in its entirety.

[00165] Another modification of the oligonucleotides featured in the invention involves chemically
linking to the oligonucleotide one or more ligands, moieties or conjugates that enhance the activity,
cellular distribution or cellular uptake of the oligonucleotide. Such moieties include but are not limited to
lipid moieties such as a cholesterol moiety (Letsinger et al., Proc. Natl. Acid. Sci. USA, 1989, 86: 6553-
6556, herein incorporated by reference in its entirety), cholic acid (Manoharan et al., Biorg. Med. Chem.
Let., 1994, 4:1053-1060, herein incorporated by reference in its entirety), a thioether, e.g., beryl-S-
tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992, 660:306-309; Manoharan et al., Biorg. Med.
Chem. Let., 1993, 3:2765-2770, each of which is herein incorporated by reference in its entirety), a
thiocholesterol (Oberhauser et al., Nucl. Acids Res., 1992, 20:533-538, herein incorporated by reference
in its entirety), an aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-Behmoaras et al., EMBO
J, 1991, 10:1111-1118; Kabanov et al., FEBS Lett., 1990, 259:327-330; Svinarchuk et a!l., Biochimie,
1993, 75:49-54, each of which is herein incorporated by reference in its entirety), a phospholipid, e.g., di-
hexadecyl-rac-glycerol or triethyl-ammonium 1,2-di-O-hexadecyl-rac-glycero-3-phosphonate
(Manoharan et al., Tetrahedron Lett., 1995, 36:3651-3654; Shea et al., Nucl. Acids Res., 1990, 18:3777-
3783, each of which is herein incorporated by reference in its entirety), a polyamine or a polyethylene
glycol chain (Manoharan et al., Nucleosides & Nucleotides, 1995, 14:969-973, herein incorporated by
reference in its entirety), or adamantane acetic acid (Manoharan et al., Tetrahedron Lett., 1995, 36:3651-
3654, herein incorporated by reference in its entirety), a palmityl moiety (Mishra et al., Biochim.
Biophys. Acta, 1995, 1264:229-237, herein incorporated by reference in its entirety), or an
octadecylamine or hexylamino-carbonyloxycholesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther.,

1996, 277:923-937, herein incorporated by reference in its entirety).

[00166] In one embodiment, a ligand alters the cellular uptake, intracellular targeting or half-life of an
RNA effector molecule agent into which it is incorporated. In preferred embodiments a ligand provides
an enhanced affinity for a selected target, e.g., molecule, cell or cell type, intracellular compartment, e.g.,
mitochondria, cytoplasm, peroxisome, lysosome, as, e.g., compared to a composition absent such a

ligand. Preferred ligands will not take part in duplex pairing in a duplexed nucleic acid.

[00167]Ligands can include a naturally occurring substance, such as a protein (e.g., human serum
albumin (HSA), low-density lipoprotein (LDL), or globulin); carbohydrate (e.g., a dextran, pullulan,

chitin, chitosan, inulin, cyclodextrin or hyaluronic acid); or a lipid. The ligand can also be a recombinant
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or synthetic molecule, such as a synthetic polymer, e.g., a synthetic polyamino acid. Examples of
polyamino acids include polyamino acid is a polylysine (PLL), poly L-aspartic acid, poly L-glutamic
acid, styrene-maleic acid anhydride copolymer, poly(L.-lactide-co-glycolied) copolymer, divinyl ether-
maleic anhydride copolymer, N-(2-hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene
glycol (PEG), polyvinyl alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide
polymers, or polyphosphazine. Example of polyamines include: polyethylenimine, polylysine (PLL),
spermine, spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine, dendrimer
polyamine, arginine, amidine, protamine, cationic lipid, cationic porphyrin, quaternary salt of a

polyamine, or an alpha helical peptide.

[00168] Ligands can also include targeting groups, e.g., a cell targeting agent, (e.g., a lectin, glycoprotein,
lipid or protein), or an antibody, that binds to a specified cell type such as a CHO cell. A targeting group
can be a thyrotropin, melanotropin, lectin, glycoprotein, surfactant protein A, Mucin carbohydrate,
multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine multivalent
mannose, multivalent fucose, glycosylated polyaminoacids, multivalent galactose, transferrin,
bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12,

biotin, or an RGD peptide or RGD peptide mimetic.

[00169] Other examples of ligands include dyes, intercalating agents (e.g. acridines), cross-linkers (e.g.
psoralene, mitomycin C), porphyrins (I'PPC4, texaphyrin, Sapphyrin), polycyclic aromatic hydrocarbons
(e.g., phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA), lipophilic molecules, e.g,
cholesterol, cholic acid, adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-
O(hexadecyl)glycerol, geranyloxyhexyl group, hexadecylglycerol, borneol, menthol, 1,3-propanediol,
heptadecyl group, palmitic acid, myristic acid,03-(oleoyl)lithocholic acid, O3-(oleoyl)cholenic acid,
dimethoxytrityl, or phenoxazine)and peptide conjugates (e.g., antennapedia peptide, Tat peptide),
alkylating agents, phosphate, amino, mercapto, PEG (e.g., PEG-40K), MPEG, [MPEG],, polyamino,
alkyl, substituted alkyl, radiolabeled markers, enzymes, haptens (e. g. biotin), transport/absorption
facilitators (e.g., aspirin, vitamin E, folic acid), synthetic ribonucleases (e.g., imidazole, bisimidazole,
histamine, imidazole clusters, acridine-imidazole conjugates, Eu3+ complexes of tetraazamacrocycles),

dinitrophenyl, HRP, or AP.

[00170] Ligands can be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific affinity
for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as a CHO cell, or
other cell useful in the production of polypeptides. Ligands can also include hormones and hormone

receptors. They can also include non-peptidic species, such as lipids, lectins, carbohydrates, vitamins,
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cofactors, multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine
multivalent mannose, or multivalent fucose. The ligand can be, for example, a lipopolysaccharide, an

activator of p38 MAP kinase, or an activator of NF-«B.

[00171] The ligand can be a substance, e.g, a drug, which can increase the uptake of the RNA effector
molecule agent into the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by disrupting the
cell’s microtubules, microfilaments, and/or intermediate filaments. The drug can be, for example, taxol,
vincristine, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A, phalloidin, swinholide A,

indanocine, or myoservin.

[00172] One exemplary ligand is a lipid or lipid-based molecule. A lipid or lipid-based ligand can (a)
increase resistance to degradation of the conjugate, and/or (b) increase targeting or transport into a target
cell or cell membrane. A lipid based ligand can be used to modulate, e.g., binding of the RNA effector

molecule composition to a target cell.

[00173]In some embodiments, the ligand is a lipid or lipid-based molecule that preferably binds a serum
protein, e.g., human serum albumin (HSA). An HSA binding ligand allows for distribution of the
conjugate to a target tissue, e.g., a non-kidney target tissue of the body. For example, the target tissue can
be the liver, including parenchymal cells of the liver. Other molecules that can bind HSA can also be
used as ligands. For example, Naproxen or aspirin can be used. A lipid or lipid-based ligand can (a)
increase resistance to degradation of the conjugate, (b) increase targeting or transport into a target cell or

cell membrane, and/or (c) can be used to adjust binding to a serum protein, e.g., HSA.

[00174] A lipid based ligand can be used to modulate, e.g., control the binding of the conjugate to a target
tissue. For example, a lipid or lipid-based ligand that binds to HSA more strongly will be less likely to be
targeted to the kidney and therefore less likely to be cleared from the embryo. A lipid or lipid-based
ligand that binds to HSA less strongly can be used to target the conjugate to the kidney. For example, the
lipid based ligand binds HSA, or it binds HSA with a sufficient affinity such that the conjugate will be
distributed to a non-kidney tissue but also be reversible. Alternatively, the lipid-based ligand binds HSA
weakly or not at all, such that the conjugate will be distributed to the kidney. Other moieties that target to

kidney cells can also be used in place of or in addition to the lipid-based ligand.

[00175]In another aspect, the ligand is a moiety, e.g., a vitamin, which is taken up by a host cell.
Exemplary vitamins include vitamin A, E, and K. Other exemplary vitamins include are B vitamin, e.g.,
folic acid, B12, riboflavin, biotin, pyridoxal or other vitamins or nutrients taken up by cancer cells. Also

included are HSA and low density lipoprotein (LLDL).
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[00176] In another aspect, the ligand is a cell-permeation agent, preferably a helical cell-permeation agent.
Preferably, the agent is amphipathic. An exemplary agent is a peptide such as tat or antennopedia. If the
agent is a peptide, it can be modified, including a peptidylmimetic, invertomers, non-peptide or pseudo-
peptide linkages, and use of D-amino acids. The helical agent is preferably an alpha-helical agent, which

preferably has a lipophilic and a lipophobic phase.

[00177] The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to herein as an
oligopeptidomimetic) is a molecule capable of folding into a defined three-dimensional structure similar
to a natural peptide. The attachment of peptide and peptidomimetics to oligonucleotides can affect
pharmacokinetic distribution of the oligonucleotide, such as by enhancing cellular recognition and uptake.
The peptide or peptidomimetic moiety can be about 5-50 amino acids long, e.g., about 5, 10, 15, 20, 25,
30, 35, 40, 45, or 50 amino acids long (see Table 1, for example).

Table 1. Exemplary Cell Permeation Peptides

Cell Amino acid Sequence Reference

Permeation

Peptide

Penetratin RQIKIWFQNRRMKWKK (SEQ ID NO: 1248) Derossi et al., J. Biol.
Chem. 269:10444, 1994

Tat fragment GRKKRRQRRRPPQC (SEQ ID NO: 1249) Vives et al., I. Biol.

(48-60) Chem., 272:16010,
1997

Signal GALFLGWLGAAGSTMGAWSQPKKKRKYV Chaloin et al.,

Sequence-based | (SEQ ID NO: 1250) Biochem. Biophys. Res.

peptide Commun., 243:601,
1998

PVEC LLIILRRRIRKQAHAHSK (SEQID NO: 1251) Elmquist et al., Exp.
Cell Res., 269:237,
2001

Transportan GWTLNSAGYLLKINLKALAALAKKIL (SEQ Pooga et al., FASEB J.,

ID NO: 1252) 12:67, 1998
Amphiphilic KLALKLALKALKAALKLA (SEQ ID NO: Oehlke et al., Mol.
model peptide 1253) Ther., 2:339, 2000
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Argg RRRRRRRRR (SEQ ID NO: 1254) Mitchell et al., J. Pept.
Res., 56:318, 2000

Bacterial cell KFFKFFKFFK (SEQ ID NO: 1255)
wall permeating

LL-37 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLV
PRTES (SEQ ID NO: 1256)

Cecropin P1 SWLSKTAKKLENSAKKRISEGIAIAIQGGPR
(SEQ ID NO: 1257)

a-defensin ACYCRIPACIAGERRYGTCIYQGRLWAFCC
(SEQ ID NO: 1258)

b-defensin DHYNCVSSGGQCLYSACPIFTKIQGTCYRGK
AKCCK (SEQ ID NO: 1259)

Bactenecin RKCRIVVIRVCR (SEQ ID NO: 1260)

PR-39 RRRPRPPYLPRPRPPPFFPPRLPPRIPPGFPPRFP
PRFPGKR-NH2 (SEQ ID NO: 1261)

Indolicidin ILPWKWPWWPWRR-NH2 (SEQ ID NO: 1262)

[00178] A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic peptide,
amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily of Tyr, Trp or Phe). The peptide
moiety can be a dendrimer peptide, constrained peptide or crosslinked peptide. In another alternative, the
peptide moiety can include a hydrophobic membrane translocation sequence (MTS). An exemplary
hydrophobic MTS-containing peptide is RFGF having the amino acid sequence
AAVALLPAVLLALLAP (SEQ ID NO: 1263). An RFGF analogue (e.g., amino acid sequence
AALLPVLLAAP (SEQ ID NO:1264)) containing a hydrophobic MTS can also be a targeting moiety.
The peptide moiety can be a “delivery” peptide, which can carry large polar molecules including peptides,
oligonucleotides, and protein across cell membranes. For example, sequences from the HIV Tat protein
(GRKKRRQRRRPPQ (SEQ ID NO:1265)) and the Drosophila Antennapedia protein
(RQIKIWFQNRRMKWKK (SEQ ID NO:1266)) have been found to be capable of functioning as
delivery peptides. A peptide or peptidomimetic can be encoded by a random sequence of DNA, such as a
peptide identified from a phage-display library, or one-bead-one-compound (OBOC) combinatorial
library (Lam et al., Nature, 354:82-84, 1991). Preferably the peptide or peptidomimetic tethered to a
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dsRNA agent via an incorporated monomer unit is a cell targeting peptide such as an arginine-glycine-
aspartic acid (RGD)-peptide, or RGD mimic. A peptide moiety can range in length from about 5 amino
acids to about 40 amino acids. The peptide moieties can have a structural modification, such as to
increase stability or direct conformational properties. Any of the structural modifications described below

can be utilized.

[00179] An RGD peptide moiety can be used to target a host cell derived from a tumorous cell e.g., an
endothelial tumor cell or a breast cancer tumor cell (Zitzmann et al., Cancer Res., 62:5139-43, 2002). The
RGD peptide can be linear or cyclic, and can be modified, e.g., glycosylated or methylated to facilitate
targeting to specific tissues. For example, a glycosylated RGD peptide can deliver a RNA effector
molecule composition to a cell expressing ayh; (Haubner er al., Jour. Nucl. Med., 42:326-336, 2001).

[00180] A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell, such as a
bacterial or fungal cell, or a mammalian cell, such as a human cell. A microbial cell-permeating peptide
can be, for example, an a-helical linear peptide (e.g., L1.-37 or Ceropin P1), a disulfide bond-containing
peptide (e.g., a -defensin, B-defensin or bactenecin), or a peptide containing only one or two dominating
amino acids (e.g., PR-39 or indolicidin). A cell permeation peptide can also include a nuclear localization
signal (NLS). For example, a cell permeation peptide can be a bipartite amphipathic peptide, such as
MPG, which is derived from the fusion peptide domain of HIV-1 gp41 and the NLS of SV40 large T
antigen (Simeoni et al., Nucl. Acids Res. 31:2717-2724, 2003).

[00181] Representative U.S. patents that teach the preparation of oligonucleotide conjugates include, but
are not limited to, U.S. Pat. Nos. 4,828,979; 4,948,882; 5,218,105; 5,525,465; 5,541,313; 5,545,730;
5,552,538; 5,578,717, 5,580,731; 5,591,584; 5,109,124; 5,118,802; 5,138,045; 5,414,077, 5,486,603;
5,512,439; 5,578,718; 5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 4,789,737; 4,824,941,
4,835,263; 4,876,335; 4,904,582; 4,958,013; 5,082,830; 5,112,963; 5,214,136; 5,082,830; 5,112,963;
5,214,136; 5,245,022; 5,254,469; 5,258,506; 5,262,536; 5,272,250; 5,292,873; 5,317,098; 5,371,241,
5,391,723; 5,416,203, 5,451,463; 5,510,475; 5,512,667; 5,514,785; 5,565,552; 5,567,810; 5,574,142;
5,585,481; 5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928 and 5,688,941; 6,294,664; 6,320,017;
6,576,752; 6,783,931, 6,900,297; 7,037,646; ecach of which is herein incorporated by reference.

[00182]1t is not necessary for all positions in a given oligonucleotide to be uniformly modified, and in
fact more than one of the aforementioned modifications can be incorporated in a single oligonucleotide or
even at a single nucleoside within an oligonucleotide. The present invention also includes

oligonucleotides which are chimeric compounds. “Chimeric” oligonucleotides or “chimeras,” in the
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context of this invention, are oligonucleotides, preferably double-stranded oligonucleotides, which
contain two or more chemically distinct regions, each made up of at least one monomer unit, i.e., a
nucleotide. These oligonucleotides typically contain at least one region wherein the oligonucleotide is
modified so as to confer upon the oligonucleotide increased resistance to nuclease degradation, increased
cellular uptake, and/or increased binding affinity for the target nucleic acid. An additional region of the
oligonucleotide can serve as a substrate for enzymes capable of cleaving RNA:DNA or RNA:RNA
hybrids. By way of example, RNase H is a cellular endonuclease which cleaves the RNA strand of an
RNA:DNA duplex. Activation of RNase H, therefore, results in cleavage of the RNA target, thereby
greatly enhancing the efficiency of RNA effector molecule inhibition of gene expression. Consequently,
comparable results can often be obtained with shorter oligonucleotides when chimeric oligonucleotides
are used, compared to phosphorothioate deoxydsRNAs hybridizing to the same target region. Cleavage of
the RNA target can be routinely detected by gel electrophoresis and, if necessary, associated nucleic acid

hybridization techniques known in the art.

[00183]In certain instances, the oligonucleotide can be modified by a non-ligand group. A number of
non-ligand molecules have been conjugated to oligonucleotides in order to enhance the activity, cellular
distribution or cellular uptake of the oligonucleotide, and procedures for performing such conjugations are
available in the scientific literature. Such non-ligand moieties have included lipid moieties, such as
cholesterol (Kubo, T. et al., Biochem. Biophys. Res. Comm., 2007, 365(1):54-61; Letsinger et al., Proc.
Natl. Acad. Sci. USA, 1989, 86:6553), cholic acid (Manoharan et al., Bioorg. Med. Chem. Lett., 1994,
4:1053), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992, 660:306;
Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3:2765), a thiocholesterol (Oberhauser et al., Nucl.
Acids Res., 1992, 20:533), an aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-Behmoaras et
al., EMBO J., 1991, 10:111; Kabanov et al., FEBS Lett., 1990, 259:327; Svinarchuk et al., Biochimie,
1993, 75:49), a phospholipid, e.g., di-hexadecyl-rac-glycerol or triethylammonium 1,2-di-O-hexadecyl-
rac-glycero-3-H-phosphonate (Manoharan er al., Tetrahedron Lett., 1995, 36:3651; Shea et al., Nucl.
Acids Res., 1990, 18:3777), a polyamine or a polyethylene glycol chain (Manoharan et al., Nucleosides &
Nucleotides, 1995, 14:969), or adamantane acetic acid (Manoharan et al., Tetrahedron Lett., 1995,
36:3651), a palmityl moiety (Mishra et al., Biochim. Biophys. Acta, 1995, 1264:229), or an
octadecylamine or hexylamino-carbonyl-oxycholesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther.,
1996, 277:923). Representative United States patents that teach the preparation of such oligonucleotide
conjugates have been listed above. Typical conjugation protocols involve the synthesis of an
oligonucleotide bearing an aminolinker at one or more positions of the sequence. The amino group is then

reacted with the molecule being conjugated using appropriate coupling or activating reagents. The
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conjugation reaction can be performed either with the oligonucleotide still bound to the solid support or
following cleavage of the oligonucleotide, in solution phase. Purification of the oligonucleotide conjugate

by HPLC typically affords the pure conjugate.

RNA activation (RNAa)

[00184] In one embodiment, an RNA effector molecule is used herein to activate expression of a
polypeptide to be modified in the host cell. An RNA effector molecule can be designed to target the
promoter region of the gene that expresses the polypeptide to be modified. Induction of polypeptide
expression by targeting promoters induces a potent transcriptional activation of associated genes (see e.g.,
Li, LC et al., Proc. Natl. Acad. Sci. U.S.A. 103 (46): 17337-42 (2006); Janowski, BA et al., Nat. Chem.
Biol. 3 (3): 166-73 (2007); Li, LC et al., Caister Academic Press (2008); Check, E. et al., Nature 448
(7156): 855-8 (2007); Huang V et al., PLoS One 5 (1): ¢8848 (2010)). RNA activation can be performed
in human cells using synthetic dsSRNAs termed small activating RNAs (saRNAs) or miRNAs. RNAa can
also be used in several mammalian species other than human including non-human primates, mouse and

rat, as it appears that RNAa is a general gene regulation mechanism conserved at least in mammals.

[00185]In one embodiment, an RNA effector molecule is used to enhance expression of a polypeptide for
at least 1 day, at least 2 days, at least 3 days, at least 4 days, at least 5-days, at least 6-days, at least 7 days,
at least 8 days, at least 9 days, at least 10 days, at least 11 days, at least 12 days, at least 13 days, at least
14 days, at least 15 days, at least 20 days, at least 25 days, at least 30 days or more. Induction of gene
expression using RNAa has been observed to last for over ten days, and without wishing to be bound by

theory, may be attributed to epigenetic changes at dsRNA target sites.

[00186] In some embodiments, an RNA effector molecule (e.g., RNAa molecule) is used to enhance the
expression of e.g., glucocerebrosidase, iduronate 2-sulfatase (e.g., idursulfase), acid alpha glucosidase
(e.g., alglucosidase alfa), arylsulfatase B (e.g., galsuflase), alpha galactosidase A (e.g., agalsidase beta),
and/or alpha-I.-iduronidase (e.g., laronidase). Sequences for the promoter regions for each of these
polypeptides to be modified are provided herein (SEQ ID NOs. 1240-1247). One of skill in the art can
easily design RNA effector molecules homologous and complementary to the promoter sequence of the
desired polypeptide (e.g., SEQ ID NOs. 1240-1247) in order to activate expression of the polypeptide.
Exemplary RNAa molecules useful with the methods described herein include, but are not limited to, 18-
mers, 19-mers, 20-mers, 21-mers, 22-mers, 23-mers or 24-mers of contiguous base pairs from each of
SEQ ID NOs. 1240-1247, wherein U is substituted for T. One of skill in the art can use a "scanning"

approach to design RNAa molecules of desired length by beginning at the first nucleotide in the promoter
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sequence (e.g., the first nulceotide of SEQ ID NO. 1240, SEQ ID NO. 1241, SEQ ID NO. 1242, SEQ ID
NO. 1243, SEQ ID NO. 1244, SEQ ID NO. 1245, SEQ ID NO. 1246, or SEQ ID NO. 1247) and counting
the desired number of nucleotides along the promoter sequence to produce one possible RNAa molecule.
The skilled artisan then moves one nucleotide further into the promoter sequence (e.g., "walks" along the
promoter sequence) and again counts the desired number of nucleotides along the promoter sequence to
produce a second RNAa molecule. This approach can be used iteratively throughout the sequence to

identify various possible RNAa molecules to effect enhanced expression of the target gene.

[00187] The following example illustrates the "scanning” or "walking" approach of designing RNAa
molecules for use with the methods described herein. For example, in one embodiment, the RNAa
molecule is a nucleic acid sequence comprising 20 contiguous nucleic acids (e.g., 20-mer) at positions 1-
21, 2-22, 3-23, 4-24, 5-25, 6-26, 7-27, 8-28, 9-29, 10-30, 11-31, 12-32, 13-33, 14-34, 15-35, 16-36, 17-
37, 18-38, 19-39, 20-40, 21-41, 22-42, 23-43, 24-44, 25-45, 26-46, 27-47, 28-48, 29-49, 30-50, 31-51, 32-
52, 33-53, 34-54, 35-55, 36-56, 37-57, 38-58, 39-59, 40-60, 41-61, 42-62, 43-63, 44-64, 45-65, 46-66, 47-
67, 48-68, 49-69, 50-70, 51-71, 52-72, 53-73, 54-74, 55-75, 56-76, 57-77, 58-78, 59-79, 60-80, 61-81, 62-
82, 63-83, 64-84, 65-85, 60-86, 67-87, 68-88, 69-89, 70-90, 71-91, 72-92, 73-93, 74-94, 75-95, 76-96, 77-
97, 78-98, 79-99, 80-100, 81-101, 82-102, 83-103, 84-104, 85-105, 86-106, 87-107, 88-108, 89-109, 90-
110,91-111, 92-112, 93-113, 94-114, 95-115, 96-116, 97-117, 98-118, 99-119, 100-120, 101-121, 102-
122, 103-123, 104-124, 105-125, 106-126, 107-127, 108-128, 109-129, 110-130, 111-131, 112-132, 113-
133, 114-134, 115-135, 116-136, 117-137, 118-138, 119-139, 120-140, 121-141, 122-142, 123-143, 124-
144, 125-145, 126-146, 127-147, 128-148, 129-149, 130-150, 131-151, 132-152, 133-153, 134-154, 135-
155, 136-156, 137-157, 138-158, 139-159, 140-160, 141-161, 142-162, 143-163, 144-164, 145-165, 146-
166, 147-167, 148-168, 149-169, 150-170, 151-171, 152-172, 153-173, 154-174, 155-175, 156-176, 157-
177, 158-178, 159-179, 160-180, 161-181, 162-182, 163-183, 164-184, 165-185, 166-186, 167-187, 168-
188, 169-189, 170-190, 171-191, 172-192, 173-193, 174-194, 175-195, 176-196, 177-197, 178-198, 179-
199, 180-200, 181-201, 182-202, 183-203, 184-204, 185-205, 186-206, 187-207, 188-208, 189-209, 190-
210, 191-211, 192-212, 193-213, 194-214, 195-215, 196-216, 197-217, 198-218, 199-219, 200-220, 201-
221, 202-222, 203-223, 204-224, 205-225, 206-226, 207-227, 208-228, 209-229, 210-230, 211-231, 212-
232,213-233, 214-234, 215-235, 216-236, 217-237, 218-238, 219-239, 220-240, 221-241, 222-242, 223-
243, 224-244, 225-245, 226-246, 227-247, 228-248, 229-249, 230-250, 231-251, 232-252, 233-253, 234-
254, 235-255, 236-256, 237-257, 238-258, 239-259, 240-260, 241-261, 242-262, 243-263, 244-264, 245-
265, 246-2606, 247-267, 248-268, 249-269, 250-270, 251-271, 252-272, 253-273, 254-274, 255-275, 256-
276, 257-277, 258-278, 259-279, 260-280, 261-281, 262-282, 263-283, 264-284, 265-285, 266-286, 267-
287, 268-288, 269-289, 270-290, 271-291, 272-292, 273-293, 274-294, 275-295, 276-296, 277-297, 278-
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298, 279-299, 280-300, 281-301, 282-302, 283-303, 284-304, 285-305, 286-306, 287-307, 288-308, 289-
309, 290-310, 291-311, 292-312, 293-313, 294-314, 295-315, 296-316, 297-317, 298-318, 299-319, 300-
320, 301-321, 302-322, 303-323, 304-324, 305-325, 306-326, 307-327, 308-328, 309-329, 310-330, 311-
331, 312-332, 313-333, 314-334, 315-335, 316-336, 317-337, 318-338, 319-339, 320-340, 321-341, 322-
342, 323-343, 324-344, 325-345, 326-346, 327-347, 328-348, 329-349, or 330-350 of a promoter

sequence selected from the group consisting of SEQ ID NOs: 1240-1247, wherein U is substituted for T.

[00188] Similarly, one can easily design contiguous base pair 21-mers from a promoter sequence selected
from the group consisting of SEQ ID NOs. 1240-1247 (e.g., positions 1-22, 2-23, 3-24....329-350) or an
RNAa molecule comprising contiguous nucleic acid sequences from the desired promoter sequence of

any desired length (e.g., 18-mer, 19-mer, 22-mer, 23-mer etc).

[00189] In one embodiment, two deoxythymine (dT) molecules are added to one end of an RNAa
molecule (e.g., 3" end). Accordingly, if one desires an RNAa molecule of 21 nucleotides in length (i.e.,
21-mer), then 19 contiguous nucleotides from one of the SEQ ID NOs. 1240-1247 are selected using the
scanning method illustrated above and the dTdT are added to one end of the RNAa molecule (e.g., 3' end)

to result in a 21 nucleotide molecule in length.

[00190] The efficiency of an RNAa molecule for ehancing expression can be assessed by means well
known to those of skill in the art, e.g., monitoring expression levels of the desired polypeptide by e.g.,

RT-PCT, Western Blotting, immunoblotting, etc.

Delivery of an RNA effector molecule to a host cell

[00191] The delivery of an RNA effector molecule to cells according to methods provided herein can be
achieved in a number of different ways. Delivery can be performed directly by administering a
composition comprising an RNA effector molecule, e.g. a dsSRNA, to the cell culture media.
Alternatively, delivery can be performed indirectly by administering one or more vectors that encode and

direct the expression of the RNA effector molecule. These alternatives are discussed further below.

Direct delivery

[00192] RNA effector molecules can be modified by chemical conjugation to lipophilic groups such as
cholesterol to enhance cellular uptake and prevent degradation. In an alternative embodiment, RNA
effector molecules can be delivered using a drug delivery system such as a nanoparticle, a dendrimer, a
polymer, a liposome, or a cationic delivery system. Positively charged cationic delivery systems facilitate

binding of an RNA effector molecule (negatively charged oligonucleotide) and also enhance interactions
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at the negatively charged cell membrane to permit efficient cellular uptake. Cationic lipids, dendrimers, or
polymers can either be bound to RNA effector molecules, or induced to form a vesicle or micelle (see
e.g., Kim SH., et al (2008) Journal of Controlled Release 129(2):107-116) that encases the RNA effector
molecule. Methods for making and using cationic- RNA effector molecule complexes are well within the
abilities of those skilled in the art (see e.g., Sorensen, DR., et al (2003) J. Mol. Biol 327:761-766; Verma,
UN., et al (2003) Clin. Cancer Res. 9:1291-1300; Arnold, AS et al (2007) J. Hypertens. 25:197-205,
which are incorporated herein by reference in their entirety). Exemplary reagents that facilitate RNA
effector molecule uptake into a cell comprising charged lipids are described in e.g., USSN 61/267,419

(filed December 7, 2009), which is herein incorporated by reference in its entirety.
Separate and Temporal Administration

[00193] Where the RNA effector molecule is a double-stranded molecule, such as a small interfering
RNA (siRNA), comprising a sense strand and an antisense strand, the sense strand and antisense strand
can be separately and temporally exposed to a cell, cell lysate or cell culture. The phrase "separately and
temporally" refers to the introduction of each strand of a double-stranded RNA effector molecule to a cell,
cell lysate or cell culture in a single-stranded form, e.g., in the form of a non-annealed mixture of both
strands or as separate, i.c., unmixed, preparations of each strand. In some embodiments, there is a time
interval between the introduction of each strand which can range from seconds to several minutes to about
an hour or more, e.g., 12, 24, 48, 72, 84, 96, or 108 hours or more. Separate and temporal administration

can be performed with independently modified or unmodified sense and antisense strands.

[00194]1t is also contemplated herein that a plurality of RNA effector molecules are administered in a
separate and temporal manner. Thus, each of a plurality of RNA effector molecules can be administered
at a separate time or at a different frequency interval to achieve the desired average percent inhibition for
the target gene. In one embodiment, the RNA effector molecules are added at a concentration from
approximately 0.01nM to 200nM. In another embodiment, the RNA effector molecules are added at an
amount of approximately 50 molecules per cell up to and including 500,000 molecules per cell. In another
embodiment, the RNA effector molecules are added at a concentration from about 0.1 fmol/ 10° cells to

about 1 pmol/10° cells.
Transient Inhibition of a gene product

[00195]In one embodiment, the RNA effector molecule is delivered to the cell such that expression of the
gene product is modulated only transiently, e.g., by addition of an RNA effector molecule composition to

the cell culture medium used for the production of the polypeptide where the presence of the RNA
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effector molecules dissipates over time, i.e., the RNA effector molecule is not constitutively expressed in
the cell. This can be achieved by altering the timing between delivery of discrete doses of the RNA
effector molecule to e.g., the cell culture medium. One of skill in the art can choose an appropriate dosing
regime that permits (1) transient inhibition of the gene product, (2) constitutive inhibition of the gene
product, or (3) maintenance of a partial inhibition of the gene product (e.g., 50% inhibition, 60%, 70%,
80%, 20%, 30%, 40% etc) as desired by determining the level of inhibition using e.g., ELISA assays to

test for expression of the gene product.

Vector encoded dsRNAs

[00196] In another aspect, an RNA effector molecule for modulating expression of a target gene can be
expressed from transcription units inserted into DNA or RNA vectors (see, e.g., Couture, A, et al., TIG.
(1996), 12:5-10; Skillern, A., et al., International PCT Publication No. WO 00/22113, Conrad,
International PCT Publication No. WO 00/22114, and Conrad, U.S. Pat. No. 6,054,299). Such vectors are
also useful for expressing a polypeptide to be modified in the host cell. Expression can be transient (on
the order of hours to weeks) or sustained (weeks to months or longer), depending upon the specific
construct used and the target cell type. These transgenes can be introduced as a linear construct, a circular
plasmid, or a viral vector, which can be an integrating or non-integrating vector. The transgene can also
be constructed to permit it to be inherited as an extra chromosomal plasmid (Gassmann, et al., Proc. Natl.

Acad. Sci. USA (1995) 92:1292).

[00197] The individual strand or strands of an RNA effector molecule can be transcribed from a promoter
on an expression vector. Where two separate strands are to be expressed to generate, for example a
dsRNA, two separate expression vectors can be co-introduced (e.g., by transfection or infection) into a
target cell. Alternatively each individual strand of a dSRNA can be transcribed by promoters, both of
which are located on the same expression plasmid. In one embodiment, a dSRNA is expressed as an
inverted repeat joined by a linker polynucleotide sequence such that the dsSRNA has a stem and loop

structure.

[00198] RNA effector molecule expression vectors are generally DNA plasmids or viral vectors.
Expression vectors compatible with eukaryotic cells, preferably those compatible with vertebrate cells,
can be used to produce recombinant constructs for the expression of an RNA effector molecule as
described herein. Eukaryotic cell expression vectors are well known in the art and are available from a

number of commercial sources. Typically, such vectors are provided containing convenient restriction
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sites for insertion of the desired nucleic acid segment. RNA effector molecule expressing vectors can be

delivered directly to target cells using standard transfection and transduction methods.

[00199] RNA effector molecule expression plasmids can be transfected into target cells as a complex with
cationic lipid carriers (e.g., Oligofectamine) or non-cationic lipid-based carriers (e.g., Transit-TKO"™,
Mirus Bio LLC, Madison, WI). Multiple lipid transfections for RNA effector molecule-mediated
knockdowns targeting different regions of a target RNA over a period of a week or more are also
contemplated by the invention. Successful introduction of vectors into host cells can be monitored using
various known methods. For example, transient transfection can be signaled with a reporter, such as a
fluorescent marker, such as Green Fluorescent Protein (GFP). Stable transfection of cells ex vivo can be
ensured using markers that provide the transfected cell with resistance to specific environmental factors

(e.g., antibiotics and drugs), such as hygromycin B resistance.

[00200] Viral vector systems which can be utilized to express an RNA effector molecule and/or a
polypeptide to be modified include, but are not limited to, (a) adenovirus vectors; (b) retrovirus vectors,
including but not limited to lentiviral vectors, moloney murine leukemia virus, etc.; (¢) adeno- associated
virus vectors; (d) herpes simplex virus vectors; (¢) SV 40 vectors; (f) polyoma virus vectors; (g)
papilloma virus vectors; (h) picornavirus vectors; (i) pox virus vectors such as an orthopox, e.g., vaccinia
virus vectors or avipox, e.g. canary pox or fowl pox; and (j) a helper-dependent or gutless adenovirus.
Replication-defective viruses can also be advantageous. Different vectors will or will not become
incorporated into the cells’ genome. The constructs can include viral sequences for transfection, if
desired. Alternatively, the construct can be incorporated into vectors capable of episomal replication, e.g
EPV and EBV vectors. Constructs for the recombinant expression of an RNA effector molecule will
generally require regulatory elements, e.g., promoters, enhancers, etc., to ensure the expression of the
RNA effector molecule in target cells. Other aspects to consider for vectors and constructs are further

described below.

[00201] Vectors useful for the delivery of an RNA effector molecule and/or a polypeptide to be modified
will include regulatory elements (promoter, enhancer, etc.) sufficient for expression of the RNA effector
molecule or polypeptide in the desired target cell. The regulatory elements can be chosen to provide

either constitutive or regulated/inducible expression.

[00202] Expression of the RNA effector molecule and/or polypeptide can be precisely regulated, for
example, by using an inducible regulatory sequence that is sensitive to certain physiological regulators,

e.g., glucose levels (Docherty et al., 1994, FASEB J. 8:20-24). Such inducible expression systems,
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suitable for the control of dSRNA expression in cells include, for example, regulation by ecdysone,
estrogen, progesterone, doxycycline, tetracycline, chemical inducers of dimerization, and isopropyl-beta-
D1 -thiogalactopyranoside (IPTG). A person skilled in the art would be able to choose the appropriate

regulatory/promoter sequence based on the intended use of the transgene.

[00203]In a specific embodiment, viral vectors that contain nucleic acid sequences encoding an RNA
effector molecule or polypeptide to be modified can be used. For example, a retroviral vector can be used
(see Miller et al., Meth. Enzymol. 217:581-599 (1993)). These retroviral vectors contain the components
necessary for the correct packaging of the viral genome and integration into the host cell DNA. The
nucleic acid sequences encoding an RNA effector molecule are cloned into one or more vectors, which
facilitates delivery of the nucleic acid into a patient. More detail about retroviral vectors can be found, for
example, in Boesen et al., Biotherapy 6:291-302 (1994), which describes the use of a retroviral vector to
deliver the mdr1 gene to hematopoietic stem cells in order to make the stem cells more resistant to
chemotherapy. Other references illustrating the use of retroviral vectors in gene therapy are: Clowes et al.,
J. Clin. Invest. 93:644-651 (1994); Kiem et al., Blood 83:1467-1473 (1994); Salmons and Gunzberg,
Human Gene Therapy 4:129-141 (1993); and Grossman and Wilson, Curr. Opin. in Genetics and Devel.
3:110-114 (1993). Lentiviral vectors contemplated for use include, for example, the HIV based vectors
described in U.S. Patent Nos. 6,143,520; 5,665,557; and 5,981,276, each of which is herein incorporated

by reference in its entirety.

[00204] Adenoviruses are also contemplated for use in delivery of RNA effector molecules and/or
polypeptides to be modified. A suitable AV vector for expressing an RNA effector molecule featured in
the invention, a method for constructing the recombinant AV vector, and a method for delivering the

vector into target cells, are described in Xia H ef al. (2002), Nat. Biotech. 20: 1006-1010.

[00205] Use of Adeno-associated virus (AAV) vectors is also contemplated (Walsh et al., Proc. Soc. Exp.
Biol. Med. 204:289-300 (1993); U.S. Pat. No. 5,436,146, herein incorporated by reference in its entirety).
In one embodiment, the RNA effector molecule can be expressed as two separate, complementary single-
stranded RNA molecules from a recombinant AAV vector having, for example, either the U6 or H1 RNA
promoters, or the cytomegalovirus (CMV) promoter. Suitable AAV vectors for expressing the dSRNA
featured in the invention, methods for constructing the recombinant AV vector, and methods for
delivering the vectors into target cells are described in Samulski R et al. (1987), J. Virol. 61: 3096-3101;
Fisher K J et al. (1996), J. Virol, 70: 520-532; Samulski R et al. (1989), J. Virol. 63: 3822-3826; U.S. Pat.
No. 5,252,479; U.S. Pat. No. 5,139,941; International Patent Application No. WO 94/13788; and
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International Patent Application No. WO 93/24641, the entire disclosures of which are herein

incorporated by reference.

[00206] Another preferred viral vector is a pox virus such as a vaccinia virus, for example an attenuated

vaccinia such as Modified Virus Ankara (MVA) or NYVAC, an avipox such as fow] pox or canary pox.

[00207] The tropism of viral vectors can be modified by pseudotyping the vectors with envelope proteins
or other surface antigens from other viruses, or by substituting different viral capsid proteins, as
appropriate. For example, lentiviral vectors can be pseudotyped with surface proteins from vesicular
stomatitis virus (VSV), rabies, Ebola, Mokola, and the like. AAV vectors can be made to target different
cells by engineering the vectors to express different capsid protein serotypes; see, e.g., Rabinowitz J E et

al. (2002), J Virol 76:791-801, the entire disclosure of which is herein incorporated by reference.

[00208] The pharmaceutical preparation of a vector can include the vector in an acceptable diluent, or can
include a slow release matrix in which the gene delivery vehicle is imbedded. Alternatively, where the
complete gene delivery vector can be produced intact from recombinant cells, e.g., retroviral vectors, the

pharmaceutical preparation can include one or more cells which produce the gene delivery system.
Administration to cells

[00209] Compositions described herein can be administered to cells in culture in a variety of methods
known to those of skill in the art.

[00210]In one embodiment, the composition is administered to the cell using continuous infusion of at
least one RNA effector molecule into a culture medium used for maintaining the cell to produce the
polypeptide. In one embodiment, the continuous infusion is administered at a rate to achieve a desired
average percent inhibition for the at least one target gene. In another embodiment, the addition of the
RNA effector molecule is repeated throughout the production of the polypeptide. In another embodiment,
addition of the RNA effector molecule is repeated at a frequency selected from the group consisting of:
6h, 12h, 24h, 36h, 48h, 72h, 84h, 96h, and 108h. Alternatively, in one embodiment, the addition of the
RNA effector molecule is repeated at least three times.

[00211] An appropriate concentration of an RNA effector molecule composition useful to achieve the
methods described herein can be determined by one of skill in the art. In one embodiment, the at least one
RNA effector molecule is added at a concentration selected from the group consisting of 0.1nM, 0.5nM,
0.75nM, 1nM, 2nM, 5nM, 10nM, 20nM, 30nM, 40nM, 50nM, and 60nM.

[00212]In another embodiment, the at least RNA effector molecule is added at an amount of 50

molecules per cell, 100 molecules per cell, 200 molecules per cell, 300 molecules per cell, 400 molecules
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per cell, 500 molecules per cell, 600 molecules per cell, 700 molecules per cell, 800 molecules per cell,
900 molecules per cell, 1000 molecules per cell, 2000 molecules per cell, or 5000 molecules per cell.
[00213]In another embodiment, the at least one RNA effector molecule is added at a concentration
selected from the group consisting of: 0.01 fmol /10° cells, 0.1 fmol /10° cells, 0.5 fmol /10° cells, 0.75
fmol /10° cells, 1 fmol /10° cells, 2 fmol /10° cells, 5 fmol /10° cells, 10 fmol /10° cells, 20 fmol /10° cells,
30 fmol /10° cells, 40 fmol /10° cells, 50 fmol /10° cells, 60 fmol /10° cells, 100 fmol /10° cells, 200 fmol
/10° cells, 300 fmol /10° cells, 400 fmol /10° cells, 500 fmol /10° cells, 700 fmol/10° cells, 800 fmol/10°
cells, 900 fmol/10° cells, and 1 pmol/10° cells.

Detecting glycosylation patterns of a polypeptide

[00214] In mammalian cells, glycans are added to N-linked glycosylation sites as high mannose structures
in the endoplasmic reticulum. Glycosidases in the ER and Golgi complex trim these structures back to
MansGlcNAc, prior to the addition of N-acetylglucosamine (GlcNAc), galactose and sialic acid to form
complex carbohydrate structures. The methods and compositions herein permit modification of a

polypeptide expressed in a mammalian cell to contain a terminal mannose.

[00215] The glycosylation pattern of a polypeptide can be determined using any method known to those
of skill in the art (see e.g., Glycoproteins (1995) J. Montreuil, H. Schacter and JFG Vliegenthart (eds)
Elsevier Science, pg 13-28). For example, electrospray-mass spectrometry (ES-MS) can be used to
determine post-translational modifications of a polypeptide including compounds larger than 100kDa. ES-
MS can be further combined with capillary electrophoresis as a separation technique with ES-MS as a
detector. For glycoproteins with a molecular mass up to 20kDa, NMR spectroscopy can be used to
analyze post-translational modifications. In addition, the application of gradient-enhanced natural
abundance 'H-"C HSQC and HSQC-TOCSY spectroscopy has been shown to be effective for the

assignment of the NMR resonances of the carbohydrate chains of an intact glycoprotein.

[00216] Fractionation of partial structures can be achieved using e.g., gel permeation chromatography for
size fractionation, lectin affinity chromatography, HPLC on anion exchange materials, high pH anion

exchange chromatography (HPAEC) and high performance capillary electrophoresis.

[00217] To define the structure of glycans completely, several parameters are required: (i) type and
number of constituent monosaccharides, including absolute configuration, ring size and anomeric
configuration, (ii) monosaccharide sequence (including positions of glycosidic linkages), and (iii) type,

number and location of non-carbohydrate substituents. Analysis of monosaccharide composition can be
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achieved by subjecting samples to methonolysis followed by re-N-Acetylation, trimethylsilylation and
GLC or by HPAEC-PAD. Linkage analysis is carried out on partially methylated monosaccharide alditols
obtained by permethylation of the sample. Exoglycosides can be employed to gain information on the
non-reducing-end monosaccharides with regard to identity and absolute and anomeric configuration.
Sequential enzymic degradation with exoglycosidases (e.g., mannosidases) can provide insight into
structure, however exoglycosidases are not very specific as to ring size, linkage position, and branching

point. Alternatively endoglycosidases can provide additional information.

[00218] For oligosaccharides and glycopeptides, advanced mass spectrometric techniques including e.g.,
FAB-MS, ES-MS, MALD-MS, MALD-TOF-MS and MS-MS can provide structural information as to
branching pattern, number and length of branches and sequence. A significant advantage of mass

spectrometry is that only low amounts of material are required for analysis.

[00219] High resolution 'H-NMR spectroscopy at 500 or 600MHz is a powerful method for the
identification of N- and O-type carbohydrate chains. Other methods that can be employed include 2-
dimensional NMR spectra such as e.g., COSY, HOHAHA, NOESY, HMQC and HMBC.

[00220] In one embodiment, oligosaccharides are released using PNGase F, labeled with a fluorescent tag
and analyzed by high-performance liquid chromatography-mass spectrometry as described in e.g.., Van

Patten et al., Glycobiology 17(5):467-478 (2007).
Determining binding to mannose receptor

[00221] In one embodiment provided herein, the modified polypeptide binds to a mannose receptor. Such
binding can be determined by a number of methods including e.g., in vitro receptor binding assays known

in the art or as described in e.g., Van Patten et al., Glycobiology 17(5):467-478 (2007).

[00222] Alternatively, the polypeptide can be evaluated for its ability to be taken up by macrophages
using a mannose receptor-mediated uptake mechanism. For example, the NR8383 rat alveolar
macrophage cell line, which exhibits reproducible mannose receptor-mediated uptake of mannosylated
proteins, can be used to determine the presence of an exposed terminal mannose on a modified
polypeptide. Briefly, cells are treated with varying doses of a candidate polypeptide for e.g., 2h, then
washed and lysed. The activity of the polypeptide in the cellular lysate is determined and compared to
cells incubated in the absence of the candidate polypeptide.

[00223] In vivo methods for determining mannose receptor binding include the use of animal models e.g.,

mouse models. For example, uptake of a modified glucocerebrosidase into macrophages can be

61



WO 2011/109600 PCT/US2011/026994

determined using the D409V Gaucher mouse model (see e.g., Xu YH., et al., Am J Pathol 163:2093-
2101). This model is viable; however tissue macrophages still accumulate glucosylceramide over time.
Fluorescently labeled polypeptide (e.g., glucocerebrosidase) is administered to D409V mice and
macrophages are isolated by FACS analysis to determine the amount of cells that have internalized the

peptide (see e.g., Van Patten et al., Glycobiology 17(5):467-478 (2007)).

Compositions containing RNA effector molecule

[00224] In one embodiment, the invention provides compositions containing an RNA effector molecule,
as described herein, and an acceptable carrier. In one embodiment, the acceptable carrier is a "reagent that
facilitates RNA effector molecule uptake" as that term is used herein. The composition containing the
RNA effector molecule is useful for modifying the glycosylation pattern of a polypeptide produced in a
host cell. Such compositions are formulated based on the mode of delivery. Provided herein are
exemplary RNA effector molecules useful in modifying the glycosylation pattern of an expressed
polypeptide. In another embodiment, the methods described herein further comprise treating a cell with a
composition that inhibits the mannose 6 phosphate receptor to prevent lysosomal uptake of the produced
polypeptide. In one embodiment, the RNA effector molecule is an siRNA. In another embodiment, the

RNA effector molecule is not an shRNA.

[00225] In another embodiment, a composition is provided herein comprising an RNA effector molecule
that inhibits the gene expression of e.g., Mgatl, Mgat4, SLC35A1, SLC35A2, and GNE (e.g., Tables 2-
24). This composition can optionally be combined (or administered) with at least one additional RNA
effector molecule targeting a gene selected from the group consisting of Mgatl, Mgat4, SLC35A1,
SLC35A2, and GNE, such as those provided herein in Tables 2-24. The compositions can also be
optionally combined or administered with an agent that enhances production of the polypeptide (see e.g.,

US Provisional No. 61/293,980).

[00226] In one embodiment, the composition further comprises a reagent that facilitates RNA effector
uptake into a cell, such as an emulsion, a liposome, a cationic lipid, a non-cationic lipid, an anionic lipid,
a charged lipid, a penetration enhancer or alternatively, a modification to the RNA effector molecule to

attach e.g., a ligand, peptide, lipophillic group, or targeting moiety.

[00227]In one embodiment, the compositions described herein comprise a plurality of RNA effector

molecules. In one embodiment of this aspect, each of the plurality of RNA effector molecules is provided
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at a different concentration. In another embodiment of this aspect, each of the plurality of RNA effector
molecules is provided at the same concentration. In another embodiment of this aspect, at least two of the
plurality of RNA effector molecules are provided at the same concentration, while at least one other RNA
effector molecule in the plurality is provided at a different concentration. It is appreciated by one of skill
in the art that a variety of combinations of RNA effector molecules and concentrations can be provided to

a cell in culture to produce the desired effects described herein.

[00228] The compositions featured herein are administered in amounts sufficient to inhibit expression of
target genes. In general, a suitable dose of RNA effector molecule will be in the range of 0.001 to 200.0
milligrams per unit volume or cell density per day. In another embodiment, the RNA effector molecule is
provided in the range of 0.001nM to 200mM per day, generally in the range of 0.1nM to 500 nM. For
example, the dsSRNA can be administered at 0.01nM, 0.05nM, 0.1nM, 0.5 nM, 0.75nM, 1 nM, 1.5 nM, 2
nM, 3 nM, 10 nM, 20 nM, 30 nM, 40 nM, 50 nM, 100nM, 200nM, 400nM, or 500nM per single dose.

[00229] The composition can be administered once daily, or the RNA effector molecule can be
administered as two, three, or more sub-doses at appropriate intervals throughout the day or even using
continuous infusion or delivery through a controlled release formulation. In that case, the RNA effector
molecule contained in each sub dose must be correspondingly smaller in order to achieve the total daily
dosage. The dosage unit can also be compounded for delivery over several days, e.g., using a
conventional sustained release formulation, which provides sustained release of the RNA effector
molecule e.g., over a several day period. Sustained release formulations are well known in the art and are
particularly useful for delivery of agents to a cell culture, such as could be used with the compositions of
the present invention. In one embodiment, an RNA effector molecule is contacted with the cells in culture
at a final concentration of 1nM. It should be noted that when administering a plurality of RNA effector
molecules that one should consider that the total dose of RNA effector molecules will be higher than
when each is administered alone. For example, administration of three RNA effector molecules each at
1nM (e.g., for effective inhibition of target gene expression) will necessarily result in a total dose of 3nM
to the cell culture. One of skill in the art can modify the necessary amount of each RNA effector molecule
to produce effective inhibition of each target gene while preventing any unwanted toxic effects to the cell

culture resulting from high concentrations of either the RNA effector molecules or delivery agent.

[00230] The effect of a single dose on target gene transcript levels can be long-lasting, such that
subsequent doses are administered at not more than 3, 4, or 5 day intervals, or at not more than 1, 2, 3, or

4 week intervals.
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[00231]1t is also noted that, in certain embodiments, it can be beneficial to contact the cells in culture
with an RNA effector molecule such that a constant number (or at least a minimum number) of RNA
effector molecules per each cell is maintained. Maintaining the levels of the RNA effector molecule as

such can ensure that modulation of target gene expression is maintained even at high cell densities.

[00232] Alternatively, the amount of an RNA effector molecule can be administered according to the cell
density. In such embodiments, the RNA effector molecule(s) is added at a concentration of at least 0.01
fmol /10° cells, at least 0.1 fmol /10° cells, at least 0.5 fmol /10° cells, at least 0.75 fmol /10° cells, at least
1 fmol /10° cells, at least 2 fmol /10° cells, at least 5 fmol /10° cells, at least 10 fmol /10° cells, at least 20
fmol /10° cells, at least 30 fmol /10° cells, at least 40 fmol /10° cells, at least 50 fmol /10° cells, at least 60
fmol /10° cells, at least 100 fmol /10° cells, at least 200 fmol /10° cells, at least 300 fmol /10° cells, at least
400 fmol /10° cells, at least 500 fmol /10° cells, at least 700 fmol/10° cells, at least 800 fmol/10° cells, at

least 900 fmol/10° cells, or at least 1 pmol/ 10° cells, or more.

[00233]1n an alternate embodiment, the RNA effector molecule is administered at a dose of at least 10
molecules per cell, at least 20 molecules per cell, at least 30 molecules per cell, at least 40 molecules per
cell, at least 50 molecules per cell, at least 60 molecules per cell, at least 70 molecules per cell, at least 80
molecules per cell, at least 90 molecules per cell at least 100 molecules per cell, at least 200 molecules
per cell, at least 300 molecules per cell, at least 400 molecules per cell, at least 500 molecules per cell, at
least 600 molecules per cell, at least 700 molecules per cell, at least 800 molecules per cell, at least 900
molecules per cell, at least 1000 molecules per cell, at least 2000 molecules per cell, at least 5000
molecules per cell or more. In some embodiments, the RNA effector molecule is administered at a dose
within the range of 10-100 molecules/cell, 10-90 molecules/cell, 10-80 molecules/cell, 10-70
molecules/cell, 10-60 molecules/cell, 10-50 molecules/cell, 10-40 molecules/cell, 10-30 molecules/cell,
10-20 molecules/cell, 90-100 molecules/cell, 80-100 molecules/cell, 70-100 molecules/cell, 60-100
molecules/cell, 50-100 molecules/cell, 40-100 molecules/cell, 30-100 molecules/cell, 20-100
molecules/cell, 30-60 molecules/cell, 30-50 molecules/cell, 40-50 molecules/cell, 40-60 molecules/cell, or

any range therebetween.

[00234] In one embodiment of the methods described herein, the RNA effector molecule is provided to
the cells in a continuous infusion. The continuous infusion can be initiated at day zero (e.g., the first day
of cell culture or day of inoculation with an RNA effector molecule) or can be initiated at any time period
during the polypeptide production process. Similarly, the continuous infusion can be stopped at any time
point during the polypeptide production process. Thus, the infusion of an RNA effector molecule or

composition can be provided and/or removed at a particular phase of cell growth, a window of time in the
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production process, or at any other desired time point. The continuous infusion can also be provided to
achieve an "average percent inhibition" for a target gene, as that term is used herein. In one embodiment,
a continuous infusion can be used following an initial bolus administration of an RNA effector molecule
to a cell culture. In this embodiment, the continuous infusion maintains the concentration of RNA effector
molecule above a minimum level over a desired period of time. The continuous infusion can be delivered
at a rate of 0.03 — 3 pmol/liter of culture/h, for example, at 0.03 pmol/l/h, 0.05 pmol/l/h, 0.08 pmol/l/h, 0.1
pmol/l/h, 0.2 pmol/l/h, 0.3 pmol/l/h, 0.5 pmol/l/h, 1.0 pmol/l/h, 2 pmol/l/h, or 3 pmol/l/h, or any value
therebetween. In one embodiment, the RNA effector molecule is administered as a sterile aqueous
solution. In another embodiment, the RNA effector molecule is formulated in a cationic or non-cationic
lipid formulation. In still another embodiment, the RNA effector molecule is formulated in a cell medium
suitable for culturing a host cell (e.g., a serum-free medium). In one embodiment, an initial concentration
of RNA effector molecule(s) is supplemented with a continuous infusion of the RNA effector molecule to
maintain modulation of expression of a target gene. In another embodiment, the RNA effector molecule
is applied to cells in culture at a particular stage of cell growth (e.g., early log phase) in a bolus dosage to
achieve a certain concentration (e.g., 1 nM), and provided with a continuous infusion of the RNA effector

molecule.

[00235] The RNA effector molecule(s) can be administered once daily, or the RNA effector molecule
treatment can be repeated (e.g., two, three, or more doses) by adding the composition to the culture
medium at appropriate intervals/frequencies throughout the production of the biological product. As used
herein the term "frequency" refers to the interval at which transfection or infection of the cell culture
occurs and can be optimized by one of skill in the art to maintain the desired level of inhibition for each
target gene. In one embodiment, RNA effector molecules are contacted with cells in culture at a
frequency of every 48 hours. In other embodiments, the RNA effector molecules are administered at a
frequency of e.g., every 4h, every 6h, every 12h, every 18h, every 24h, every 36h, every 72h, every 84h,
every 96h, every 5 days, every 7days, every 10days, every 14 days, every 3 weeks, or more during the
production of the biological product. The frequency can also vary, such that the interval between each

dose is different (e.g., first interval 36h, second interval 48h, third interval 72h etc).

[00236] The term "frequency” can be similarly applied to nutrient feeding of a cell culture during the
production of a polypeptide. The frequency of treatment with RNA effector molecule(s) and nutrient
feeding need not be the same. To be clear, nutrients can be added at the time of RNA effector treatment or
at an alternate time. The frequency of nutrient feeding can be a shorter interval or a longer interval than
RNA effector molecule treatment. As but one example, the dose of RNA effector molecule can be applied

at a 48h interval while nutrient feeding may be applied at a 24h interval. During the entire length of the
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interval for producing the biological product (e.g., 3 weeks) there can be more doses of nutrients than
RNA effector molecules or less doses of nutrients than RNA effector molecules. Alternatively, the

amount (e.g., number) of treatments with RNA effector molecule(s) is equal to that of nutrient feedings.

[00237] The frequency of RNA effector molecule treatment can be optimized to maintain an " average
percent inhibition” of a particular target gene. As used herein, the term "average percent inhibition" refers
to the average degree of inhibition of target gene expression over time that is necessary to produce the
desired effect and which is below the degree of inhibition that produces any unwanted or negative effects.
In some embodiments, the desired average percent inhibition is at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at least 90%, at least 95%, at least 99%,
or even 100% (i.e., absent). One of skill in the art can use routine cell death assays to determine the upper
limit for desired percent inhibition (e.g., level of inhibition that produces unwanted effects). One of skill
in the art can also use methods to detect target gene expression (e.g., RT-PCR) to determine an amount of
an RNA effector molecule that produces gene modulation. The percent inhibition is described herein as an
average value over time, since the amount of inhibition is dynamic and can fluctuate slightly between

doses of the RNA effector molecule.

[00238]In one embodiment of the methods described herein, the RNA effector molecule is added to the
culture medium of the cells in culture. The methods described herein can be applied to any size of cell
culture flask and/or bioreactor. For example, the methods can be applied in bioreactors or cell cultures of
1L, 3L, 5L, 10L, 15L, 40L, 100L, 500L, 1000L, 2000L., 3000L, 40001, 5000L or larger. In some
embodiments, the cell culture size can range from 0.01L to S000L, from 0.1L to 5000L, from 1L to
5000L, from 5L to 5000L, from 40L to 5000L, from 100L-5000L, from 500L to 5000L, from 1000-
5000L, from 2000-5000L, from 3000-5000L, from 4000-5000L, from 4500-5000L, from 0.01L to 1000L,
from 0.01-500L, from 0.01-100L, from 0.01-40L, from 15-2000L, from 40-1000L, from 100-500L, from
200-400L, or any integer therebetween.

[00239] The RNA effector molecule(s) can be added during any phase of cell growth including, but not
limited to, lag phase, stationary phase, early log phase, mid-log phase, late-log phase, exponential phase,
or death phase. It is preferred that the cells are contacted with the RNA effector molecules prior to their
entry into the death phase. In some embodiments, it may be desired to contact the cell in an earlier growth
phase such as the lag phase, early log phase, mid-log phase or late-log phase. In other embodiments, it
may be desired or acceptable to inhibit target gene expression at a later phase in the cell growth cycle

(e.g., late-log phase or stationary phase).
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[00240] RNA effector molecules featured in the invention can be encapsulated within liposomes or can
form complexes thereto, in particular to cationic liposomes. Alternatively, RNA effector molecules can be
complexed to lipids, in particular to cationic lipids. Suitable fatty acids and esters include but are not
limited to arachidonic acid, oleic acid, eicosanoic acid, lauric acid, caprylic acid, capric acid, myristic
acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein, dilaurin,
glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine, or a C,_5, alkyl

ester (e.g., isopropylmyristate IPM), monoglyceride, diglyceride or acceptable salt thereof.

[00241] In one embodiment, an RNA effector molecule featured in the invention is fully encapsulated in
the lipid formulation (e.g., to form a SPLP, pSPLP, SNALP, or other nucleic acid-lipid particle). As used
herein, the term "SNALP" refers to a stable nucleic acid-lipid particle, including SPLP. As used herein,
the term "SPLP" refers to a nucleic acid-lipid particle comprising plasmid DNA encapsulated within a
lipid vesicle. SNALPs and SPLPs typically contain a cationic lipid, a non-cationic lipid, and a lipid that
prevents aggregation of the particle (e.g., a PEG-lipid conjugate). SPLPs include "pSPLP," which include
an encapsulated condensing agent-nucleic acid complex as set forth in e.g., PCT Publication No.

WO 00/03683. The particles in this embodiment typically have a mean diameter of about 50 nm to about
150 nm, more typically about 60 nm to about 130 nm, more typically about 70 nm to about 110 nm, most
typically about 70 to about 90 nm, and are substantially nontoxic. In addition, the nucleic acids when
present in the nucleic acid- lipid particles of the present invention are resistant in aqueous solution to
degradation with a nuclease. Nucleic acid-lipid particles and their method of preparation are disclosed in,
e.g., US. Patent Nos. 5,976,567; 5,981,501; 6,534,484; 6,586,410; 6,815,432; and PCT Publication No.
WO 96/40964.

[00242] In one embodiment, the lipid to drug ratio (mass/mass ratio) (e.g., lipid to dsSRNA ratio) will be in
the range of from about 1:1 to about 50:1, from about 1:1 to about 25:1, from about 3:1 to about 15:1,
from about 4:1 to about 10:1, from about 5:1 to about 9:1, or about 6:1 to about 9:1.

[00243] The cationic lipid of the formulation preferably comprises at least one protonatable group having
a pKa of from 4 to 15. The cationic lipid can be, for example, N,N-dioleyl-N,N-dimethylammonium
chloride (DODAC), N,N-distearyl-N,N-dimethylammonium bromide (DDAB), N-(I -(2,3-
dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTAP), N-(I -(2,3- dioleyloxy)propyl)-
N,N,N-trimethylammonium chloride (DOTMA), N,N-dimethyl-2,3- dioleyloxy)propylamine (DODMA),
1 ,2-DiLinoleyloxy-N,N-dimethylaminopropane (DLinDMA), 1,2-Dilinolenyloxy-N,N-
dimethylaminopropane (DLenDMA), 1,2-Dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-
DAP), 1,2-Dilinoleyoxy-3-(dimethylamino)acetoxypropane (DLin-DAC), 1,2-Dilinoleyoxy-3-
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morpholinopropane (DLin-MA), 1,2-Dilinoleoyl-3-dimethylaminopropane (DLinDAP), 1,2-
Dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA), 1-Linoleoyl-2-linoleyloxy-3-
dimethylaminopropane (DLin-2-DMAP), 1,2-Dilinoleyloxy-3-trimethylaminopropane chloride salt
(DLin-TMA.CI), 1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt (DLin-TAP.Cl), 1,2-
Dilinoleyloxy-3-(N-methylpiperazino)propane (DLin-MPZ), or 3-(N,N-Dilinoleylamino)-1,2-
propanediol (DLinAP), 3-(N,N-Dioleylamino)-1,2-propanedio (DOAP), 1,2-Dilinoleyloxo-3-(2-N,N-
dimethylamino)ethoxypropane (DLin-EG-DMA), 2,2-Dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane
(DLin-K-DMA), 2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-dioxolane, or a mixture thereof. The cationic
lipid can comprise from about 20 mol % to about 70 mol % or about 40 mol % to about 60 mol % of the

total lipid present in the particle. In one embodiment, cationic lipid can be further conjugated to a ligand.

[00244] The non-cationic lipid can be an anionic lipid or a neutral lipid including, but not limited to,
distearoylphosphatidylcholine (DSPC), dioleoylphosphatidylcholine (DOPC),
dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylglycerol (DOPG),
dipalmitoylphosphatidylglycerol (DPPG), dioleoyl-phosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoyl- phosphatidylethanolamine (POPE),
dioleoyl- phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-1- carboxylate (DOPE-mal),
dipalmitoyl phosphatidyl ethanolamine (DPPE), dimyristoylphosphoethanolamine (DMPE), distearoyl-
phosphatidyl-ethanolamine (DSPE), 16-O-monomethyl PE, 16-O-dimethyl PE, 18-1 -trans PE, 1 -
stearoyl-2-oleoyl- phosphatidyethanolamine (SOPE), cholesterol, or a mixture thereof. The non-cationic
lipid may be from about 5 mol % to about 90 mol %, about 10 mol %, or about 58 mol % if cholesterol is

included, of the total lipid present in the particle.

[00245] The lipid that inhibits aggregation of particles may be, for example, a polyethyleneglycol (PEG)-
lipid including, without limitation, a PEG-diacylglycerol (DAG), a PEG-dialkyloxypropyl (DAA), a
PEG-phospholipid, a PEG-ceramide (Cer), or a mixture thereof. The PEG-DAA may be, for example, a
PEG-dilauryloxypropyl (Ci,), a PEG-dimyristyloxypropyl (Cy4), a PEG-dipalmityloxypropyl (Ci), or a
PEG- distearyloxypropyl (C ;5). The lipid that prevents aggregation of particles may be from 0 mol % to
about 20 mol % or about 2 mol % of the total lipid present in the particle. In one embodiment, PEG lipid

can be further conjugated to a ligand.

[00246] In some embodiments, the nucleic acid-lipid particle further includes a steroid such as,
cholesterol at, e.g., about 10 mol % to about 60 mol % or about 48 mol % of the total lipid present in the

particle.
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[00247]In one embodiment, the lipid particle comprises a steroid, a PEG lipid and a cationic lipid of

formula (I):

X2 | xe
NR,

=2

formula (I)
wherein
each X* and Xb, for each occurrence, is independently C;¢ alkylene;

nis 0,1, 2, 3,4, or 5; each R is independently H,

O S O 0. .0
R L VoL, SR WS R or 3 R
Y Sy P Sy Sy S A

mis0,1,2,3or4;Y is absent, O, NRZ, orS;

R' is alkyl alkenyl or alkynyl; each of which is optionally substituted with one or more

substituents; and

R*is H, alkyl alkenyl or alkynyl; each of which is optionally substituted each of which is
optionally substituted with one or more substituents. In one example, the lipidoid ND98-4HCl (MW
1487) (Formula 1), Cholesterol (Sigma-Aldrich), and PEG-Ceramide C16 (Avanti Polar Lipids) can be
used to prepare lipid RNA effector molecule nanoparticles (e.g., LNPO1 particles). Stock solutions of
each in ethanol can be prepared as follows: ND98, 133 mg/mlL.; Cholesterol, 25 mg/ml., PEG-Ceramide
C16, 100 mg/mL. The ND98, Cholesterol, and PEG-Ceramide €16 stock solutions can then be combined
in a, e.g., 42:48:10 molar ratio. The combined lipid solution can be mixed with aqueous RNA effector
molecule (e.g., in sodium acetate pH 5) such that the final ethanol concentration is about 35-45% and the
final sodium acetate concentration is about 100-300 mM. Lipid RNA effector molecule nanoparticles
typically form spontaneously upon mixing. Depending on the desired particle size distribution, the
resultant nanoparticle mixture can be extruded through a polycarbonate membrane (e.g., 100 nm cut-off)
using, for example, a thermobarrel extruder, such as Lipex Extruder (Northern Lipids, Inc). In some

cases, the extrusion step can be omitted. Ethanol removal and simultaneous buffer exchange can be
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accomplished by, for example, dialysis or tangential flow filtration. Buffer can be exchanged with, for
example, phosphate buffered saline (PBS) at about pH 7, e.g., about pH 6.9, about pH 7.0, about pH 7.1,
about pH 7.2, about pH 7.3, or about pH 7.4.

H H
P VN N N )J\/\ AN~ ~N NSNS
(@]
NN TN SN
H H
ND98 Isomer |
Formula 1

[00248] .NPO1 formulations are described, e.g., in International Application Publication
No. WO 2008/042973, which is hereby incorporated by reference.

[00249] Additional exemplary lipid-dsRNA formulations are as follows:

cationic lipid/non-cationic
Cationic Lipid lipid/cholesterol/PEG-lipid conjugate | Process
Lipid:siRNA ratio

DLinDMA/DPPC/Cholesterol/PEG-
1,2-Dilinolenyloxy-N,N- cDMA

dimethylaminopropane (DLinDMA) (57.1/7.1/34.4/1 4)

lipid:siRNA ~ 7:1

SNALP

XTC/DPPC/Cholesterol/PEG-cDMA
57.1/7.1/344/1.4
lipid:siRNA ~ 7:1

SNALP- | 2,2-Dilinoleyl-4-dimethylaminoethyl-
XTC [1,3]-dioxolane (XTC)

22-Dilinoleyl-4-dimethylaminoethyl- | 1 </PoPC/Cholesterol/PEG-DMG

LNPO5 [1.3]-dioxolane (XTC) 31113/2115{/131;513651 Extrusion
o . . XTC/DSPC/Cholesterol/PEG-DMG
LNpog | 22 Pilinoleyl-4-dimethylaminoethyl- 7 57 531 573 5 Extrusion
[1,3]-dioxolane (XTC) lipid:siRNA ~ 11:1
[ npo7 | 2:2-Dilinoleyl-4-dimethylaminocthyl- ?;%1?355%%0les“’“’”PEG'DMG In-line
[1,3]-dioxolane (XTC) lipi d.:siRN A ~’ 6:1 mixing
[ npog | 22-Dilinoleyl-4-dimethylaminocthyl- ?;%1?355%%0les“’“’”PEG'DMG In-line
[1,3]-dioxolane (XTC) lipi d.:siRN A ~’ 111 mixing
o . . XTC/DSPC/Cholesterol/PEG-DMG .
LNPO9 2,2-Dilinoleyl-4-dimethylaminoethyl- 50/10/38.5/1.5 In-line

[1,3]-dioxolane (XTC) mixing

Lipid:siRNA 10:1

70



WO 2011/109600 PCT/US2011/026994

(3aR,5s,6aS)-N,N-dimethyl-2,2-

di((97,127)-octadeca-9,12- ALN100/DSPC/Cholesterol/PEG-DMG In-line
LNP10 | dienyl)tetrahydro-3aH- 50/10/38.5/1.5 .

cyclopenta[d][1,3]dioxol-5-amine Lipid:siRNA 10:1 mixing

(ALN100)

(67.97.287.,317)-heptatriaconta- MC-3/DSPC/Cholesterol/PEG-DMG In-line
LNP11 | 6,9,28,31-tetraen-19-yl 4- 50/10/38.5/1.5 mixing

(dimethylamino)butanoate (MC3) Lipid:siRNA 10:1

1,1-(2-(4-(2-((2-(bis(2-

hydroxydodecyl)amino)ethyl)(2- Tech G1/DSPC/Cholesterol/PEG-DMG In-line
LNP12 | hydroxydodecyl)amino)ethyl)piperazin- | 50/10/38.5/1.5 mixing

1-yDethylazanediyl)didodecan-2-ol Lipid:siRNA 10:1

(Tech G1)

[00250] LNPO9 formulations and XTC comprising formulations are described, e.g., in U.S. Provisional
Serial No. 61/239,686, filed September 3, 2009, which is hereby incorporated by reference. LNP11
formulations and MC3 comprising formulations are described, e.g., in U.S. Provisional Serial

No. 61/244,834, filed September 22, 2009, which is hereby incorporated by reference.
[00251]In one embodiment, the lipid particle comprises a charged lipid having the formula:

. R

Re—Lp L1/\

-

-

Ro
wherein:

R; and R, are each independently for each occurrence optionally substituted C,o-Cso alkyl,
optionally substituted C,y-Cs, alkoxy, optionally substituted C;,-Cs alkenyl, optionally substituted
C10-Csp alkenyloxy, optionally substituted C;,-Cso alkynyl, optionally substituted C,¢-Cso alkynyloxy, or
optionally substituted Co-Cs4 acyl;

~
~ -

-7 represents a connection between L, and L; which is:
(1) a single bond between one atom of L, and one atom of L;, wherein
L;is C(Ry), O, S or N(Q);
L, is -CRsRe-, -O-, -S-, -N(Q)-, =C(R5)-, -C(O)N(Q)-, -C(O)O-, -N(Q)C(O)-, -OC(0)-,
or -C(0)-;

(2) a double bond between one atom of L, and one atom of L;; wherein
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L;is C;
L, is -CRs=, -N(Q)=, -N-, -O-N=, -N(Q)-N=, or -C(O)N(Q)-N=;
(3) a single bond between a first atom of 1, and a first atom of L, and a single bond between a
second atom of L, and the first atom of L;, wherein
L;is C;

L, has the formula

/\Z/<A1>m\ 2

<R3/2%( P N

A2)n (Z4)n Wherein

X is the first atom of L,, Y is the second atomof L,, - - - - - represents a single bond to
the first atom of Ly, and X and Y are each, independently, selected from the group consisting of -O-, -S-,
alkylene, -N(Q)-, -C(0)-, -O(CO)-, -OC(O)N(Q)-, -N(Q)C(O)O-, -C(O)0O, -OC(0)0-, -OS(0)(Q,)O-,
and -OP(0)(Q,)0O-;

7, and Z, are each, independently, -O-, -S-, -CH,-, —CHRS—, or —CRSRS—;

Z,is CHor N;

Z;is CHor N;

or 7, and Z;, taken together, are a single C atom;

A; and A, are each, independently, -O-, -S-, -CH,-, —CHRS—, or —CRSRS—;

each Z is N, C(Rs), or C(R53);

kis 0, 1, or 2;

each m, independently, is 0 to 5;

each n, independently, is O to 5;

where m and n taken together resultin a 3, 4, 5, 6, 7 or 8 member ring;

(4) a single bond between a first atom of L, and a first atom of L;, and a single bond between the

first atom of I, and a second atom of L;, wherein

(A) L; has the formula:

,/X\T/\
1

\\\\\Y/T2\/

wherein
X is the first atom of L;, Y is the second atomof L;, - - - - - represents a single bond to

the first atom of L,, and X and Y are each, independently, selected from the group consisting of -O-, -S-,
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alkylene, -N(Q)-, -C(O)-, -O(CO)-, -OC(O)N(Q)-, -N(Q)C(O)O-, -C(})O, -OC(0)0O-, -O5(0)(Q,)O-,

and -OP(0)(Q,)O-;
T; is CH or N;
T, is CH or N;
or Ty and T, taken together are C=C;
L,is CRs; or
(B) L, has the formula:

P
Pl T1

\\\\\Y/T2\/

wherein

X is the first atom of LL;, Y is the second atom of L,

————— represents a single bond to

the first atom of I,, and X and Y are each, independently, selected from the group consisting

of -O-, -S-,

alkylene, -N(Q)-, -C(O)-, -O(CO)-, -OC(O)N(Q)-, -N(Q)C(0)O-, -C(0)O, -OC(0)O-, -OS(0)(Q,

)O-, and -OP(0)(Q,)O-;
T, is -CRsR5-, -N(Q)-, -O-, or -S-;
T, is -CRsR5-, -N(Q)-, -O-, or -S-;
L, is CRs or N;

Rj3 has the formula:
Y

1 \ ®

— N

]

, Or

wherein

each of Yy, Y5, Y3, and Y4, independently, is alkyl, cycloalkyl, aryl, aralkyl, or alkynyl; or
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any two of Yy, Y5, and Y; are taken together with the N atom to which they are attached to form a
3- to 8- member heterocycle; or

Y1, Y, and Y; are all be taken together with the N atom to which they are attached to form a
bicyclic 5- to 12- member heterocycle;

each R,, independently, is H, halo, cyano, hydroxy, amino, alkyl, alkoxy, cycloalkyl, aryl,
heteroaryl, or heterocyclyl;

L; is a bond, -N(Q)-, -O-, -S-, -(CRsR¢),-, -C(O)-, or a combination of any two of these;

L, is a bond, -N(Q)-, -O-, -S-, -(CRsR¢),-, -C(O)-, or a combination of any two of these;

Ls is a bond, -N(Q)-, -O-, -S-, -(CR5R¢),-, -C(O)-, or a combination of any two of these;

each occurrence of Ry and R is, independently, H, halo, cyano, hydroxy, amino, alkyl, alkoxy,
cycloalkyl, aryl, heteroaryl, or heterocyclyl; or two R5 groups on adjacent carbon atoms are taken together
to form a double bond between their respective carbon atoms; or two Rs groups on adjacent carbon atoms
and two R groups on the same adjacent carbon atoms are taken together to form a triple bond between
their respective carbon atoms;

each a, independently, is 0, 1, 2, or 3;

wherein

an Rs or R¢ substituent from any of Ls, L4, or Ls is optionally taken with an Rs or Rg
substituent from any of Ls, Ly, or Ls to form a 3- to 8- member cycloalkyl, heterocyclyl, aryl, or
heteroaryl group; and
any one of Y;, Y,, or Y3, is optionally taken together with an Rs or R¢ group from any of

L3, L4, and Ls, and atoms to which they are attached, to form a 3- to 8- member heterocyclyl

group;

each Q, independently, is H, alkyl, acyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl or
heterocyclyl; and

each Q,, independently, is O, S, N(Q)(Q), alkyl or alkoxy.

In some embodiments, ~~-~" represents a connection between L, and L; which is a single bond
between one atom of L, and one atom of L;, wherein L, is C(Ry), O, S or N(Q); and L,
is -CRsR¢-, -O-, -8-, -N(Q)-, =C(Rs)- , -C(O)N(Q)-, -C(O)O-, -N(Q)C(O)-,
-OC(0)-, or -C(O)-.

In another aspect, a compound having formula I, XIII, XV, XVII, XXXIII, or XXXV:
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R4 R4
R X Rg X
m X 1 R & ﬁ/ (A1a R
A1 % R2 3‘Z| Y R3_Z\ Y
R~ 2lb ZHpe)
8 (\A n Ry b
k
| Xl XV
E/R1 R3
m R R,
B Ry WTETSp, R1/§/Y Rs
XVII XXX XXXV

wherein:

R; and R, are each independently for each occurrence optionally substituted C,o-Cso alkyl,
optionally substituted C,y-Cs, alkoxy, optionally substituted C;,-Cs alkenyl, optionally substituted
C10-Csp alkenyloxy, optionally substituted C;,-Cso alkynyl, optionally substituted C,¢-Cso alkynyloxy, or
optionally substituted Co-Cs4 acyl;

R; is independently for each occurrence H, optionally substituted C,-C,, alkyl, optionally
substituted C,-C,, alkenyl, optionally substituted C,-C,, alkynyl, optionally substituted alkylheterocycle,
optionally substituted heterocyclealkyl, optionally substituted alkylphosphate, optionally substituted
phosphoalkyl, optionally substituted alkylphosphorothioate, optionally substituted phosphorothioalkyl,
optionally substituted alkylphosphorodithioate, optionally substituted phosphorodithioalkyl, optionally
substituted alkylphosphonate, optionally substituted phosphonoalkyl, optionally substituted amino,
optionally substituted alkylamino, optionally substituted di(alkyl)amino, optionally substituted
aminoalkyl, optionally substituted alkylaminoalkyl, optionally substituted di(alkyl)aminoalkyl, optionally
substituted hydroxyalkyl, optionally substituted polyethylene glycol (PEG, mw 100-40K), optionally
substituted mPEG (mw 120-40K), optionally substituted heteroaryl, or optionally substituted heterocycle;

at least one R; includes a quaternary amine;

X and Y are each independently -O-, -S-,
alkylene, -N(Q)-, -C(O)-, -O(CO)-, -OC(O)N(Q)-, -N(Q)C(O)O-, -C(0)O, -OC(0)O-, -OS(0)(Q,)O-,
or -OP(0)(Q,)O-;

Q is H, alkyl, w-aminoalkyl, ®-(substituted)aminoalkyl, ®-phosphoalkyl, or @-thiophosphoalkyl;

Q; is independently for each occurrence O, S, N(Q)(Q), alkyl or alkoxy;

A1, Ay, As, Ay, As and Ag are each independently -O-, -S-, -CH,-, -CHR’-, -CR’R’-;

Ag is independently for each occurrence -CHs,-, —CHRS—, —CRSRS—;

E and F are each independently for each
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N(R')-N=C(R")-; -N(R")-N=C(R")-, -O-N=C(R")-, -C(5)0-, -C(S)N(R")-, -OC(S)N(R")-, -N(RYC(S)NR")
-, -C(5)-N(R")-N=C(R"); -S-N=C(R"); -C(O)S-, -SC(O)N(R')-, -OC(O)-, -N(RYC(O)-, -NRHC(O)O-, -C
(R™)=N-N(R")-; -C(R")=N-N(R')- C(O)-, -C(R")=N-0-, -OC(S)-, -SC(0)-, -NRHC(S)-, -NRHC(S)O-, -
NRHC(O)S-, -C(R"=N-N(R)-C(S)-, -C(R")=N-S-, C[=N(R"]O

C[=NR)INR"), -OC[=N(R)]-, -NRC[=NR)INR")-, -NR)HC[=NR)]-,

~ m*

N N_S N N—S _S_
, arylene, heteroarylene, cycloalkylene, or heterocyclylene;

7 is N or C(Rj);

7! is -0-, -S-, -N(Q)-, or alkylene;

each R, R", and R", independently, is H, alkyl, alkyl, heteroalkyl, aralkyl, cyclic alkyl, or
heterocyclyl;

R’ is H, halo, cyano, hydroxy, amino, optionally substituted alkyl, optionally substituted alkoxy,

or optionally substituted cycloalkyl;
i and j are each independently 0-10; and
a and b are each independently 0-2.

In another aspect, a compound can be selected from the group consisting of:
-
occceo oo
o — —
) Q —_
Wb (OO0
J — —
® O,
g — —
e (I m
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X0 S CCO==004
X0 S 0S0=0=-001
X

MesN and
@ O "=
0 — —

[00252] In one embodiment, the lipid particle further comprises a neutral lipid and a sterol. Neutral lipids,
when present in the lipid particle, can be any of a number of lipid species which exist either in an
uncharged or neutral zwitterionic form at physiological pH. Such lipids include, for example
diacylphosphatidylcholine, diacylphosphatidylethanolamine, ceramide, sphingomyelin,
dihydrosphingomyelin, cephalin, and cerebrosides. The selection of neutral lipids for use in the particles
described herein is generally guided by consideration of, e.g., liposome size and stability of the liposomes
in the bloodstream. Preferably, the neutral lipid component is a lipid having two acyl groups, (i.e.,
diacylphosphatidylcholine and diacylphosphatidylethanolamine). Lipids having a variety of acyl chain
groups of varying chain length and degree of saturation are available or may be isolated or synthesized by
well-known techniques. In one group of embodiments, lipids containing saturated fatty acids with carbon
chain lengths in the range of C,, to Cyg are preferred. In another group of embodiments, lipids with mono
or diunsaturated fatty acids with carbon chain lengths in the range of C,, to C,, are used. Additionally,
lipids having mixtures of saturated and unsaturated fatty acid chains can be used. Preferably, the neutral
lipids used in the present invention are DOPE, DSPC, POPC, DPPC or any related phosphatidylcholine.
The neutral lipids useful in the present invention may also be composed of sphingomyelin,

dihydrosphingomyeline, or phospholipids with other head groups, such as serine and inositol.

[00253] The sterol component of the lipid mixture, when present, can be any of those sterols
conventionally used in the field of liposome, lipid vesicle or lipid particle preparation. A preferred sterol

is cholesterol.

[00254] Other protonatable lipids, which carry a net positive charge at about physiological pH, in addition
to those specifically described above, may also be included in lipid particles of the present invention.

Such protonatable lipids include, but are not limited to, N,N-dioleyl-N,N-dimethylammonium chloride
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("DODAC"); N-(2,3-dioleyloxy)propyl-N,N-N-triethylammonium chloride ("DOTMA"); N,N-distearyl-
N,N-dimethylammonium bromide ("DDAB"); N-(2,3-dioleoyloxy)propyl)-N,N,N-trimethylammonium
chloride ("DOTAP"); 1,2-Dioleyloxy-3-trimethylaminopropane chloride salt (“DOTAP.CI”); 3B-(N-
(N',N'-dimethylaminoethane)-carbamoyl)cholesterol ("DC-Chol"), N-(1-(2,3-dioleyloxy)propyl)-N-2-
(sperminecarboxamido)ethyl)-N,N-dimethylammonium trifluoracetate ("DOSPA"),
dioctadecylamidoglycyl carboxyspermine ("DOGS"), 1,2-dileoyl-sn-3-phosphoethanolamine ("DOPE"),
1,2-dioleoyl-3-dimethylammonium propane (“DODAP”), N, N-dimethyl-2,3-dioleyloxy)propylamine
(“DODMA?”), and N-(1,2-dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide
("DMRIE"). Additionally, a number of commercial preparations of lipids can be used, such as, e.g.,
LIPOFECTIN (including DOTMA and DOPE, available from GIBCO/BRL), and LIPOFECTAMINE
(comprising DOSPA and DOPE, available from GIBCO/BRL).

[00255] Anionic lipids suitable for use in lipid particles of the present invention include, but are not
limited to, phosphatidylglycerol, cardiolipin, diacylphosphatidylserine, diacylphosphatidic acid, N-
dodecanoyl phosphatidylethanoloamine, N-succinyl phosphatidylethanolamine, N-glutaryl
phosphatidylethanolamine, lysylphosphatidylglycerol, and other anionic modifying groups joined to

neutral lipids.

[00256] Additional components that may be present in a lipid particle as described herein include bilayer
stabilizing components such as polyamide oligomers (see, e.g., U.S. Patent No. 6,320,017), peptides,
proteins, detergents, lipid-derivatives, such as PEG coupled to phosphatidylethanolamine and PEG
conjugated to ceramides (see, U.S. Patent No. 5,885,613).

[00257] The lipid particles described herein may further comprise one or more additional lipids and/or

other components such as cholesterol.

[00258] As used herein, the term "charged lipid" is meant to include those lipids having one or two fatty
acyl or fatty alkyl chains and a quaternary amino head group. The quaternary amine carries a permanent
positive charge. The head group can optionally include a ionizable group, such as a primary, secondary,
or tertiary amine that may be protonated at physiological pH. The presence of the quaternary amine can
alter the pKa of the ionizable group relative to the pKa of the group in a structurally similar compound
that lacks the quaternary amine (e.g., the quaternary amine is replaced by a tertiary amine) In some

embodiments, a charged lipid is referred to as an “amino lipid.”

[00259] Other charged lipids would include those having alternative fatty acid groups and other
quaternary groups, including those in which the alkyl substituents are different (e.g., N-ethyl-N-
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methylamino-, N-propyl-N-ethylamino- and the like). For those embodiments in which R; and R; are
both long chain alkyl or acyl groups, they can be the same or different. In general, lipids (e.g., a charged
lipid) having less saturated acyl chains are more easily sized, particularly when the complexes are sized
below about 0.3 microns, for purposes of filter sterilization. Charged lipids containing unsaturated fatty
acids with carbon chain lengths in the range of Cyq to Cy are typical. Other scaffolds can also be used to
separate the amino group (e.g., the amino group of the charged lipid) and the fatty acid or fatty alkyl
portion of the charged lipid. Suitable scaffolds are known to those of skill in the art.

[00260] In certain embodiments, charged lipids of the present invention have at least one protonatable or
deprotonatable group, such that the lipid is positively charged at a pH at or below physiological pH (e.g.
pH 7.4), and neutral at a second pH, preferably at or above physiological pH. Such lipids are also
referred to as charged lipids. It will, of course, be understood that the addition or removal of protons as a
function of pH is an equilibrium process, and that the reference to a charged or a neutral lipid refers to the
nature of the predominant species and does not require that all of the lipid be present in the charged or
neutral form. Lipids that have more than one protonatable or deprotonatable group, or which are

zwiterrionic, are not excluded from use in the invention.

[00261] In certain embodiments, protonatable lipids (i.e., charged lipids) according to the invention have a
pKa of the protonatable group in the range of about 4 to about 11. Typically, lipids will have a pKa of
about 4 to about 7, e.g., between about 5 and 7, such as between about 5.5 and 6.8, when incorporated
into lipid particles. Such lipids will be cationic at a lower pH formulation stage, while particles will be
largely (though not completely) surface neutralized at physiological pH around pH 7.4. One of the
benefits of a pKa in the range of between about 4 and 7 is that at least some nucleic acid associated with
the outside surface of the particle will lose its electrostatic interaction at physiological pH and be removed
by simple dialysis; thus greatly reducing the particle’s susceptibility to clearance. pKa measurements of
lipids within lipid particles can be performed, for example, by using the fluorescent probe 2-(p-toluidino)-
6-napthalene sulfonic acid (TNS), using methods described in Cullis et al., (1986) Chem Phys Lipids 40,
127-144.

[00262] Charged lipids can be prepared for use in transfection by forming into liposomes and mixing with
the RNA effector molecules to be introduced into the cell. Methods of forming liposomes are well known
in the art and include, but are not limited to, sonication, extrusion, extended vortexing, reverse

evaporation, and homogenization, which includes microfluidization.
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[00263] The reagent that facilitates uptake of an RNA effector molecule into the cell encompasses both
single-layered liposomes, which are referred to as unilamellar, and multi-layered liposomes, which are
referred to as multilamellar. Lipoplexes are composed of charged lipid bilayers sandwiched between

nucleic acid layers, as described, e.g., in Felgner, Scientific American.

[00264] .NPO1 formulations are described, e.g., in International Application Publication
No. WO 2008/042973, which is hereby incorporated by reference in its entirety.

[00265] Formulations prepared by either the standard or extrusion-free method can be characterized in
similar manners. For example, formulations are typically characterized by visual inspection. They
should be whitish translucent solutions free from aggregates or sediment. Particle size and particle size
distribution of lipid-nanoparticles can be measured by light scattering using, for example, a Malvern
Zetasizer Nano ZS (Malvern, USA). Particles should be about 20-300 nm, such as e.g., 40-100 nm in
size. The particle size distribution should be unimodal. The total siRNA effector molecule concentration
in the formulation, as well as the entrapped fraction, is estimated using a dye exclusion assay. A sample
of the formulated RNA effector molecule can be incubated with an RNA-binding dye, such as Ribogreen
(Molecular Probes) in the presence or absence of a formulation disrupting surfactant, e.g., 0.5% Triton-
X100. The total RNA effector molecule in the formulation can be determined by the signal from the
sample containing the surfactant, relative to a standard curve. The entrapped fraction is determined by
subtracting the “free” RNA effector molecule content (as measured by the signal in the absence of
surfactant) from the total RNA effector molecule content. Percent entrapped RNA effector molecule is
typically >85%. For lipid nanoparticle formulation, the particle size is at least 30 nm, at least 40 nm, at
least 50 nm, at least 60 nm, at least 70 nm, at least 80 nm, at least 90 nm, at least 100 nm, at least 110 nm,
and at least 120 nm. The suitable range is typically about at least 50 nm to about at least 110 nm, about at

least 60 nm to about at least 100 nm, or about at least 80 nm to about at least 90 nm.

[00266] In some embodiments, RNA effector molecules featured in the invention are formulated in
conjunction with one or more penetration enhancers, surfactants and/or chelators. Suitable surfactants
include fatty acids and/or esters or salts thereof, bile acids and/or salts thereof. Suitable bile acids/salts
include chenodeoxycholic acid (CDCA) and ursodeoxychenodeoxycholic acid (UDCA), cholic acid,
dehydrocholic acid, deoxycholic acid, glucholic acid, glycholic acid, glycodeoxycholic acid, taurocholic
acid, taurodeoxycholic acid, sodium tauro-24,25-dihydro-fusidate and sodium glycodihydrofusidate.
Suitable fatty acids include arachidonic acid, undecanoic acid, oleic acid, lauric acid, caprylic acid, capric
acid, myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate,

monoolein, dilaurin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an
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acylcholine, or a monoglyceride, a diglyceride or a pharmaceutically acceptable salt thereof (e.g.,
sodium). In some embodiments, combinations of penetration enhancers are used, for example, fatty
acids/salts in combination with bile acids/salts. One exemplary combination is the sodium salt of lauric
acid, capric acid and UDCA. Further penetration enhancers include polyoxyethylene-9-lauryl ether,

polyoxyethylene-20-cetyl ether.

[00267] The compositions of the present invention may be formulated into any of many possible
administration forms, including a sustained release form (e.g., tablets, capsules, gel capsules, liquid
syrups, and soft gels). The compositions of the present invention may also be formulated as suspensions
in aqueous, non-aqueous or mixed media. Aqueous suspensions may further contain substances which
increase the viscosity of the suspension including, for example, sodium carboxymethylcellulose, sorbitol

and/or dextran. The suspension may also contain stabilizers.

Emulsions

[00268] The compositions of the present invention may be prepared and formulated as emulsions.
Emulsions are typically heterogeneous systems of one liquid dispersed in another in the form of droplets
usually exceeding 0.1pm in diameter (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery
Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New
York, NY; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, Licberman,
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., Volume 1, p. 245; Block in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New
York, N.Y., volume 2, p. 335; Higuchi et al., in Remington's Pharmaceutical Sciences, Mack Publishing
Co., Easton, Pa., 1985, p. 301). Emulsions are often biphasic systems comprising two immiscible liquid
phases intimately mixed and dispersed with each other. In general, emulsions may be of either the water-
in-oil (w/o) or the oil-in-water (o/w) variety. When an aqueous phase is finely divided into and dispersed
as minute droplets into a bulk oily phase, the resulting composition is called a water-in-oil (w/0)
emulsion. Alternatively, when an oily phase is finely divided into and dispersed as minute droplets into a
bulk aqueous phase, the resulting composition is called an oil-in-water (o/w) emulsion. Emulsions may
contain additional components in addition to the dispersed phases, and the active drug which may be
present as a solution in either the aqueous phase, oily phase or itself as a separate phase. Pharmaceutical
excipients such as emulsifiers, stabilizers, dyes, and anti-oxidants may also be present in emulsions as
needed. Emulsions may also be multiple emulsions that are comprised of more than two phases such as,

for example, in the case of oil-in-water-in-oil (o/w/0) and water-in-oil-in-water (w/o/w) emulsions. Such
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complex formulations often provide certain advantages that simple binary emulsions do not. Multiple
emulsions in which individual oil droplets of an o/w emulsion enclose small water droplets constitute a
w/o/w emulsion. Likewise a system of oil droplets enclosed in globules of water stabilized in an oily

continuous phase provides an o/w/o emulsion.

[00269] Emulsions are characterized by little or no thermodynamic stability. Often, the dispersed or
discontinuous phase of the emulsion is well dispersed into the external or continuous phase and
maintained in this form through the means of emulsifiers or the viscosity of the formulation. Fither of the
phases of the emulsion may be a semisolid or a solid, as is the case of emulsion-style ointment bases and
creams. Other means of stabilizing emulsions entail the use of emulsifiers that may be incorporated into
either phase of the emulsion. Emulsifiers may broadly be classified into four categories: synthetic
surfactants, naturally occurring emulsifiers, absorption bases, and finely dispersed solids (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC.,
2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).

[00270] Synthetic surfactants, also known as surface active agents, have found wide applicability in the
formulation of emulsions and have been reviewed in the literature (see e.g., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, V., Popovich NG., and Ansel HC., 2004, Lippincott
Williams & Wilkins (8th ed.), New York, NY; Rieger, in Pharmaceutical Dosage Forms, Liecberman,
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285; Idson, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), Marcel Dekker, Inc., New York,
N.Y., 1988, volume 1, p. 199). Surfactants are typically amphiphilic and comprise a hydrophilic and a
hydrophobic portion. The ratio of the hydrophilic to the hydrophobic nature of the surfactant has been
termed the hydrophile/lipophile balance (HLLB) and is a valuable tool in categorizing and selecting
surfactants in the preparation of formulations. Surfactants may be classified into different classes based
on the nature of the hydrophilic group: nonionic, anionic, cationic and amphoteric (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC.,
2004, Lippincott Williams & Wilkins (8th ed.), New York, NY Rieger, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285).

[00271] Naturally occurring emulsifiers used in emulsion formulations include lanolin, beeswax,
phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties such that they can soak
up water to form w/o emulsions yet retain their semisolid consistencies, such as anhydrous lanolin and

hydrophilic petrolatum. Finely divided solids have also been used as good emulsifiers especially in
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combination with surfactants and in viscous preparations. These include polar inorganic solids, such as
heavy metal hydroxides, nonswelling clays such as bentonite, attapulgite, hectorite, kaolin,
montmorillonite, colloidal aluminum silicate and colloidal magnesium aluminum silicate, pigments and

nonpolar solids such as carbon or glyceryl tristearate.

[00272] A large variety of non-emulsifying materials are also included in emulsion formulations and
contribute to the properties of emulsions. These include fats, oils, waxes, fatty acids, fatty alcohols, fatty
esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in Pharmaceutical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p.
335; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 199).

[00273] Hydrophilic colloids or hydrocolloids include naturally occurring gums and synthetic polymers
such as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar gum, karaya gum, and
tragacanth), cellulose derivatives (for example, carboxymethylcellulose and carboxypropylcellulose), and
synthetic polymers (for example, carbomers, cellulose ethers, and carboxyvinyl polymers). These disperse
or swell in water to form colloidal solutions that stabilize emulsions by forming strong interfacial films

around the dispersed-phase droplets and by increasing the viscosity of the external phase.

[00274] Since emulsions often contain a number of ingredients such as carbohydrates, proteins, sterols
and phosphatides that may readily support the growth of microbes, these formulations often incorporate
preservatives. Commonly used preservatives included in emulsion formulations include methyl paraben,
propyl paraben, quaternary ammonium salts, benzalkonium chloride, esters of p-hydroxybenzoic acid,
and boric acid. Antioxidants are also commonly added to emulsion formulations to prevent deterioration
of the formulation. Antioxidants used may be free radical scavengers such as tocopherols, alkyl gallates,
butylated hydroxyanisole, butylated hydroxytoluene, or reducing agents such as ascorbic acid and sodium

metabisulfite, and antioxidant synergists such as citric acid, tartaric acid, and lecithin.

[00275]In one embodiment, the compositions of RNA effector molecules and nucleic acids are
formulated as microemulsions. A microemulsion may be defined as a system of water, oil and amphiphile
which is a single optically isotropic and thermodynamically stable liquid solution (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC.,
2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p.

245). Typically microemulsions are systems that are prepared by first dispersing an oil in an aqueous
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surfactant solution and then adding a sufficient amount of a fourth component, generally an intermediate
chain-length alcohol to form a transparent system. Therefore, microemulsions have also been described as
thermodynamically stable, isotropically clear dispersions of two immiscible liquids that are stabilized by
interfacial films of surface-active molecules (LLeung and Shah, in: Controlled Release of Drugs: Polymers
and Aggregate Systems, Rosoff, M., Ed., 1989, VCH Publishers, New York, pages 185-215).
Microemulsions commonly are prepared via a combination of three to five components that include oil,
water, surfactant, cosurfactant and electrolyte. Whether the microemulsion is of the water-in-oil (w/0) or
an oil-in-water (o/w) type is dependent on the properties of the oil and surfactant used and on the structure
and geometric packing of the polar heads and hydrocarbon tails of the surfactant molecules (Schott, in

Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 271).

[00276] The phenomenological approach utilizing phase diagrams has been extensively studied and has
yielded a comprehensive knowledge, to one skilled in the art, of how to formulate microemulsions (see
e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, V., Popovich NG., and
Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 1, p. 245; Block, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 335). Compared to conventional emulsions,
microemulsions offer the advantage of solubilizing water-insoluble drugs in a formulation of

thermodynamically stable droplets that are formed spontaneously.

[00277] Surfactants used in the preparation of microemulsions include, but are not limited to, ionic
surfactants, non-ionic surfactants, Brij 96, polyoxyethylene oleyl ethers, polyglycerol fatty acid esters,
tetraglycerol monolaurate (MI1.310), tetraglycerol monooleate (MO310), hexaglycerol monooleate
(PO310), hexaglycerol pentaoleate (PO500), decaglycerol monocaprate (MCA750), decaglycerol
monooleate (MO750), decaglycerol sequioleate (SO750), decaglycerol decaoleate (DAO750), alone or in
combination with cosurfactants. The cosurfactant, usually a short-chain alcohol such as ethanol, 1-
propanol, and 1-butanol, serves to increase the interfacial fluidity by penetrating into the surfactant film
and consequently creating a disordered film because of the void space generated among surfactant
molecules. Microemulsions may, however, be prepared without the use of cosurfactants and alcohol-free
self-emulsifying microemulsion systems are known in the art. The aqueous phase may typically be, but is
not limited to, water, an aqueous solution of the drug, glycerol, PEG300, PEG400, polyglycerols,
propylene glycols, and derivatives of ethylene glycol. The oil phase may include, but is not limited to,

materials such as Captex 300, Captex 355, Capmul MCM, fatty acid esters, medium chain (C8-C12)
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mono, di, and tri-glycerides, polyoxyethylated glyceryl fatty acid esters, fatty alcohols, polyglycolized
glycerides, saturated polyglycolized C8-C10 glycerides, vegetable oils and silicone oil.

[00278] Microemulsions afford advantages of improved agent solubilization, protection from enzymatic
hydrolysis, possible enhancement of cellular uptake due to surfactant-induced alterations in membrane
fluidity and permeability, ease of preparation, and decreased toxicity (see e.g., U.S. Patent Nos.
6,191,105; 7,063,860; 7,070,802; 7,157,099; Constantinides et al., Pharmaceutical Research, 1994, 11,
1385; Ho et al., J. Pharm. Sci., 1996, 85, 138-143). Often microemulsions may form spontancously when
their components are brought together at ambient temperature. This may be particularly advantageous

when formulating thermolabile compositions, peptides or RNA effector molecules.

[00279] Microemulsions of the present invention may also contain additional components and additives
such as sorbitan monostearate (Grill 3), Labrasol, and penetration enhancers to improve the properties of
the formulation and to enhance the absorption of the RNA effector molecules and nucleic acids of the
present invention. Penetration enhancers used in the microemulsions of the present invention may be
classified as belonging to one of five broad categories--surfactants, fatty acids, bile salts, chelating agents,
and non-chelating non-surfactants (Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems,

1991, p. 92). Each of these classes has been discussed above.

Liposomes

[00280] There are many organized surfactant structures besides microemulsions that have been studied
and used for the formulation of drugs. These include monolayers, micelles, bilayers and vesicles.
Vesicles, such as liposomes, have attracted great interest because of their specificity and the duration of
action they offer from the standpoint of drug delivery. As used in the present invention, the term

"liposome" means a vesicle composed of amphiphilic lipids arranged in a spherical bilayer or bilayers.

[00281] Liposomes are unilamellar or multilamellar vesicles which have a membrane formed from a
lipophilic material and an aqueous interior. The aqueous portion contains the composition to be delivered.
Cationic liposomes possess the advantage of being able to fuse to the cell wall. In some embodiments, it
is desirable to use a liposome which is highly deformable and able to pass through fine pores in a cell

membrane or between cells grown in culture.

[00282] Further advantages of liposomes include: liposomes obtained from natural phospholipids are
biocompatible and biodegradable; liposomes can incorporate a wide range of water and lipid soluble

drugs; and liposomes can protect encapsulated RNA effector molecules in their internal compartments
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from metabolism and degradation (see e.g2., Wang, B et al., Drug delivery: principles and applications,
2005, John Wiley and Sons, Hoboken, NJ; Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger
and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245) in the cell culture
medium. Important considerations in the preparation of liposome formulations are the lipid surface

charge, vesicle size and the aqueous volume of the liposomes.

[00283] Liposomes are useful for the transfer and delivery of active ingredients to the site of action in the
cell. Because the liposomal membrane is structurally similar to biological membranes, when liposomes
are applied to a cell in culture, the liposomes start to merge with the cellular membranes and as the
merging of the liposome and cell progresses, the liposomal contents are emptied into the cell where the

RNA effector molecule acts.

[00284] Liposomal formulations have been the focus of extensive investigation as the mode of delivery
for many compositions. Liposomes fall into two broad classes. Cationic liposomes are positively charged
liposomes which interact with the negatively charged polynucleotide molecules to form a stable complex.
The positively charged polynucleotide/liposome complex binds to the negatively charged cell surface and
is internalized in an endosome. Due to the acidic pH within the endosome, the liposomes are ruptured,
releasing their contents into the cell cytoplasm (Wang et al., Biochem. Biophys. Res. Commun., 1987,

147, 980-985).

[00285] Liposomes which are pll-sensitive or negatively-charged, entrap polynucleotide rather than
complex with it. Since both the polynucleotide and the lipid are similarly charged, repulsion rather than
complex formation occurs. Nevertheless, some polynucleotide is entrapped within the aqueous interior of
these liposomes. pH-sensitive liposomes have been used to deliver DNA encoding the thymidine kinase
gene to cell monolayers in culture. Expression of the exogenous gene was detected in the target cells

(Zhou et al., Journal of Controlled Release, 1992, 19, 269-274),

[00286] One major type of liposomal composition includes phospholipids other than naturally-derived
phosphatidylcholine. Neutral liposome compositions, for example, can be formed from dimyristoyl
phosphatidylcholine (DMPC) or dipalmitoyl phosphatidylcholine (DPPC). Anionic liposome
compositions generally are formed from dimyristoyl phosphatidylglycerol, while anionic fusogenic
liposomes are formed primarily from dioleoyl phosphatidylethanolamine (DOPE). Another type of
liposomal composition is formed from phosphatidylcholine (PC) such as, for example, soybean PC, and
egg PC. Another type is formed from mixtures of phospholipid and/or phosphatidylcholine and/or

cholesterol.
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[00287] Liposomes also include “sterically stabilized” liposomes, a term which, as used herein, refers to
liposomes comprising one or more specialized lipids that, when incorporated into liposomes, result in
enhanced circulation lifetimes relative to liposomes lacking such specialized lipids. Examples of sterically
stabilized liposomes are those in which part of the vesicle-forming lipid portion of the liposome (A)
comprises one or more glycolipids, such as monosialoganglioside Gyy, or (B) is derivatized with one or
more hydrophilic polymers, such as a polyethylene glycol (PEG) moiety. While not wishing to be bound
by any particular theory, it is thought in the art that, at least for sterically stabilized liposomes containing
gangliosides, sphingomyelin, or PEG-derivatized lipids, the enhanced circulation half-life of these
sterically stabilized liposomes derives from a reduced uptake into cells of the reticuloendothelial system

(RES) (Allen et al., FEBS Letters, 1987, 223, 42; Wu et al., Cancer Research, 1993, 53, 3765).

[00288] Various liposomes comprising one or more glycolipids are known in the art. Papahadjopoulos et
al. (Ann. N.Y. Acad. Sci., 1987, 507, 64) reported the ability of monosialoganglioside Gy,
galactocerebroside sulfate and phosphatidylinositol to improve blood half-lives of liposomes. These
findings were expounded upon by Gabizon et al. (Proc. Natl. Acad. Sci. U.S.A., 1988, 85, 6949). U.S.
Pat. No. 4,837,028 and WO 88/04924, both to Allen et al., disclose liposomes comprising (1)
sphingomyelin and (2) the ganglioside Gy or a galactocerebroside sulfate ester. U.S. Pat. No. 5,543,152
(Webb er al.) discloses liposomes comprising sphingomyelin. Liposomes comprising 1,2-sn-

dimyristoylphosphatidylcholine are disclosed in WO 97/13499 (Lim et al).

[00289] Many liposomes comprising lipids derivatized with one or more hydrophilic polymers, and
methods of preparation thereof, are known in the art. Sunamoto et al. (Bull. Chem. Soc. Jpn., 1980, 53,
2778) described liposomes comprising a nonionic detergent, 2C;,15G, that contains a PEG moiety. [llum
et al. (FEBS Lett., 1984, 167, 79) noted that hydrophilic coating of polystyrene particles with polymeric
glycols results in significantly enhanced blood half-lives. Synthetic phospholipids modified by the
attachment of carboxylic groups of polyalkylene glycols (e.g., PEG) are described by Sears (U.S. Pat.
Nos. 4,426,330 and 4,534,899). In addition, antibodies can be conjugated to a polyakylene derivatized
liposome (see e.g., PCT Application US 2008/0014255). Klibanov et al. (FEBS Lett., 1990, 268, 235)
described experiments demonstrating that liposomes comprising phosphatidylethanolamine (PE)
derivatized with PEG or PEG stearate have significant increases in blood circulation half-lives. Blume et
al. (Biochimica et Biophysica Acta, 1990, 1029, 91) extended such observations to other PEG-derivatized
phospholipids, e.g., DSPE-PEG, formed from the combination of distearoylphosphatidylethanolamine
(DSPE) and PEG. Liposomes having covalently bound PEG moieties on their external surface are
described in European Patent No. EP 0 445 131 B1 and WO 90/04384 to Fisher. Liposome compositions

containing 1-20 mole percent of PE derivatized with PEG, and methods of use thereof, are described by
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Woodle et al. (U.S. Pat, Nos. 5,013,556 and 5,356,633) and Martin et al. (U.S. Pat, No. 5,213,804 and
European Patent No. EP 0496 813 B1). Liposomes comprising a number of other lipid-polymer
conjugates are disclosed in WO 91/05545 and U.S. Pat. No. 5,225,212 (both to Martin et al.) and in WO
94/20073 (Zalipsky et al.) Liposomes comprising PEG-modified ceramide lipids are described in WO
96/10391 (Choi et al). U.S. Pat. No. 5,540,935 (Miyazaki et al.) and U.S. Pat. No. 5,556,948 (Tagawa et
al.) describe PEG-containing liposomes that can be further derivatized with functional moieties on their
surfaces. Methods and compositions relating to liposomes comprising PEG can be found in e.g., US

Patent Nos. 6,049,094; 6,224,903; 6,270,806; 6,471,326; and 6,958.,241.

[00290] As noted above, liposomes may optionally be prepared to contain surface groups, such as
antibodies or antibody fragments, small effector molecules for interacting with cell-surface receptors,
antigens, and other like compounds, and these groups can facilitate delivery of liposomes and their
contents to specific cell populations. Such ligands can be included in the liposomes by including in the
liposomal lipids a lipid derivatized with the targeting molecule, or a lipid having a polar-head chemical
group that can be derivatized with the targeting molecule in preformed liposomes. Alternatively, a
targeting moiety can be inserted into preformed liposomes by incubating the preformed liposomes with a

ligand-polymer-lipid conjugate.

[00291] Also suitable for inclusion in the lipid particles of the present invention are programmable fusion
lipids. Such lipid particles have little tendency to fuse with cell membranes and deliver their payload
until a given signal event occurs. This allows the lipid particle to distribute more evenly after injection
into an organism or disease site before it starts fusing with cells. The signal event can be, for example, a
change in pH, temperature, ionic environment, or time. In the latter case, a fusion delaying or "cloaking"
component, such as an ATTA-lipid conjugate or a PEG-lipid conjugate, can simply exchange out of the
lipid particle membrane over time. By the time the lipid particle is suitably distributed in the body, it has
lost sufficient cloaking agent so as to be fusogenic. With other signal events, it is desirable to choose a
signal that is associated with the disease site or target cell, such as increased temperature at a site of

inflammation.

[00292] In certain embodiments, it is desirable to target the lipid particles of this invention using targeting
moieties that are specific to a cell type or tissue. Targeting of lipid particles using a variety of targeting
moieties, such as ligands, cell surface receptors, glycoproteins, vitamins (e.g., riboflavin) and monoclonal
antibodies, have been previously described (see, e.g., U.S. Patent Nos. 4,957,773 and 4,603,044). The
targeting moieties can comprise the entire protein or fragments thereof. Targeting mechanisms generally

require that the targeting agents be positioned on the surface of the lipid particle in such a manner that the
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target moiety is available for interaction with the target, for example, a cell surface receptor. A variety of
different targeting agents and methods are known and available in the art, including those described, e.g.,

in Sapra, P. and Allen, TM, Prog. Lipid Res. 42(5):439-62 (2003); and Abra, RM et al., J. Liposome Res.

12:1-3, (2002).

[00293] The use of lipid particles, i.e., liposomes, with a surface coating of hydrophilic polymer chains,
such as polyethylene glycol (PEG) chains, for targeting has been proposed (Allen, et al., Biochimica et
Biophysica Acta 1237: 99-108 (1995); DeFrees, et al., Journal of the American Chemistry Society 118:
6101-6104 (1996); Blume, et al., Biochimica et Biophysica Acta 1149: 180-184 (1993); Klibanov, et al.,
Journal of Liposome Research 2: 321-334 (1992); U.S. Patent No. 5,013556; Zalipsky, Bioconjugate
Chemistry 4: 296-299 (1993); Zalipsky, FEBS Letters 353: 71-74 (1994); Zalipsky, in Stealth Liposomes
Chapter 9 (Lasic and Martin, Eds) CRC Press, Boca Raton F1 (1995). In one approach, a ligand, such as
an antibody, for targeting the lipid particle is linked to the polar head group of lipids forming the lipid
particle. In another approach, the targeting ligand is attached to the distal ends of the PEG chains forming
the hydrophilic polymer coating (Klibanov, et al., Journal of Liposome Research 2: 321-334 (1992);
Kirpotin et al., FEBS Letters 388: 115-118 (1996)).

[00294] Standard methods for coupling the target agents can be used. For example,
phosphatidylethanolamine, which can be activated for attachment of target agents, or derivatized
lipophilic compounds, such as lipid-derivatized bleomycin, can be used. Antibody-targeted liposomes
can be constructed using, for instance, liposomes that incorporate protein A (see, Renneisen, et al., J. Bio.
Chem., 265:16337-16342 (1990) and Leonetti, et al., Proc. Natl. Acad. Sci. (USA), 87:2448-2451 (1990).
Other examples of antibody conjugation are disclosed in U.S. Patent No. 6,027,726, the teachings of
which are incorporated herein by reference. Examples of targeting moieties can also include other
proteins, specific to cellular components, including antigens associated with neoplasms or tumors.
Proteins used as targeting moieties can be attached to the liposomes via covalent bonds (see, Heath,
Covalent Attachment of Proteins to Liposomes, 149 Methods in Enzymology 111-119 (Academic Press,
Inc. 1987)). Other targeting methods include the biotin-avidin system.

[00295] In one exemplary embodiment, the lipid particle comprises a mixture of a charged lipid of the
present invention, one or more different neutral lipids, and a sterol (e.g., cholesterol). In certain
embodiments, the lipid mixture consists of or consists essentially of a charged lipid as described herein, a
neutral lipid, and cholesterol. In further preferred embodiments, the lipid particle consists of or consists

essentially of the above lipid mixture in molar ratios of about 50-90% charged lipid, 0-50% neutral lipid,
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and 0-10% cholesterol. In certain embodiments, the lipid particle can further include a PEG-modified

lipid (e.g., a PEG-DMG or PEG-DMA).

[00296] In one embodiment, the lipid particle consists of a charged lipid (e.g., a quaternary nitrogen
containing lipid) and a protonatable lipid, a neutral lipid or a steroid, or a combination thereof. The
particles can be formulated with a nucleic acid therapeutic agent so as to attain a desired N/P ratio. The
N/P ratio is the ratio of number of molar equivalent of cationic nitrogen (N) atoms present in the lipid
particle to the number of molar equivalent of anionic phosphate (P) of the nucleic acid backbone. For
example, the N/P ratio can be in the range of about 1 to about 50. In one example, the range is about 1 to

about 20, about 1 to about 10, about 1 to about 5.

[00297]In particular embodiments, the lipid particle consists of or consists essentially of a charged lipid
described in paragraph [00246] herein, DOPE, and cholesterol. In particular embodiments, the particle
includes lipids in the following mole percentages: charged lipid, 45-63 mol %; DOPE, 35-55 mol %; and
cholesterol, 0-10 mol %. The particles can be formulated with a nucleic acid therapeutic agent so as to
attain a desired N/P ratio. The N/P ratio is the ratio of number of moles cationic nitrogen (N) atoms (i.e.,
charged lipids) to the number of molar equivalents of anionic phosphate (P) backbone groups of the
nucleic acid. For example, the N to P ratio can be in the range of about 5:1 to about 1:1. In certain

embodiments, the charged lipid is chosen from those described in paragraph [00215] herein.

[00298] In another group of embodiments, the neutral lipid, DOPE, in these compositions is replaced with
POPC, DPPC, DPSC or SM.

[00299] A number of liposomes comprising nucleic acids are known in the art. WO 96/40062 (Thierry et
al.) discloses methods for encapsulating high molecular weight nucleic acids in liposomes. U.S. Pat. No.
5,264,221 (Tagawa et al.) discloses protein-bonded liposomes and asserts that the contents of such
liposomes may include a dsRNA. U.S. Pat. No. 5,665,710 (Rahman ef al.) describes certain methods of
encapsulating oligodeoxynucleotides in liposomes. WO 97/04787 (Love et al.) discloses liposomes
comprising dsSRNAs targeted to the raf gene. In addition, methods for preparing a liposome composition
comprising a nucleic acid can be found in e.g., U.S. Patent Nos. 6,011,020; 6,074,667; 6,110,490;
6,147,204 6, 271, 206; 6,312,956; 6,465,188; 6,506,564; 6,750,016; and 7,112,337.

[00300] Transfersomes are yet another type of liposome, and are highly deformable lipid aggregates
which are attractive candidates for RNA delivery vehicles. Transfersomes may be described as lipid
droplets which are so highly deformable that they are easily able to penetrate through pores which are

smaller than the droplet. Transfersomes are adaptable to the environment in which they are used, e.g.,
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they are self-optimizing, self-repairing, frequently reach their targets without fragmenting, and often self-
loading. To make transfersomes it is possible to add surface edge-activators, usually surfactants, to a

standard liposomal composition.

[00301] Surfactants find wide application in formulations such as emulsions (including microemulsions)
and liposomes. The most common way of classifying and ranking the properties of the many different
types of surfactants, both natural and synthetic, is by the use of the hydrophile/lipophile balance (HLB).
The nature of the hydrophilic group (also known as the "head") provides the most useful means for
categorizing the different surfactants used in formulations (see e.g., Malmsten, M. Surfactants and
polymers in drug delivery, Informa Health Care, New York, NY, 2002; Rieger, in Pharmaceutical Dosage
Forms, Marcel Dekker, Inc., New York, N.Y., 1988, p. 285).

[00302]If the surfactant molecule is not ionized, it is classified as a nonionic surfactant, Nonionic
surfactants find wide application in pharmaceutical and cosmetic products and are usable over a wide
range of pH values. In general their HLB values range from 2 to about 18 depending on their structure.
Nonionic surfactants include nonionic esters such as ethylene glycol esters, propylene glycol esters,
glyceryl esters, polyglyceryl esters, sorbitan esters, sucrose esters, and ethoxylated esters. Nonionic
alkanolamides and ethers such as fatty alcohol ethoxylates, propoxylated alcohols, and
ethoxylated/propoxylated block polymers are also included in this class. The polyoxyethylene surfactants

are the most popular members of the nonionic surfactant class.

[00303]If the surfactant molecule carries a negative charge when it is dissolved or dispersed in water, the
surfactant is classified as anionic. Anionic surfactants include carboxylates such as soaps, acyl lactylates,
acyl amides of amino acids, esters of sulfuric acid such as alkyl sulfates and ethoxylated alkyl sulfates,
sulfonates such as alkyl benzene sulfonates, acyl isethionates, acyl taurates and sulfosuccinates, and
phosphates. The most important members of the anionic surfactant class are the alkyl sulfates and the

soaps.

[00304] If the surfactant molecule carries a positive charge when it is dissolved or dispersed in water, the
surfactant is classified as cationic. Cationic surfactants include quaternary ammonium salts and

ethoxylated amines. The quaternary ammonium salts are the most used members of this class.

[00305]If the surfactant molecule has the ability to carry either a positive or negative charge, the
surfactant is classified as amphoteric. Amphoteric surfactants include acrylic acid derivatives, substituted

alkylamides, N-alkylbetaines and phosphatides.
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[00306] The use of surfactants in drug products, formulations and in emulsions has been reviewed (see
e.g2., Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New York, NY,
2002; Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y., 1988, p. 285).

Penetration Enhancers

[00307]In one embodiment, the present invention employs various penetration enhancers to effect the
efficient delivery of nucleic acids, particularly RNA effector molecules, to the cell in culture. Typically,
only lipid soluble or lipophilic compositions readily cross cell membranes. It has been discovered that
even non-lipophilic compositions may cross cell membranes if the membrane to be crossed is treated with
a penetration enhancer. In addition to aiding the diffusion of non-lipophilic compositions across cell

membranes, penetration enhancers also enhance the permeability of lipophilic compositions.

[00308] Agents that enhance uptake of RNA effector molecules at the cellular level may also be added to
the pharmaceutical and other compositions of the present invention. For example, cationic lipids, such as
lipofectin (Junichi et al, U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and polycationic
molecules, such as polylysine (Lollo et al., PCT Application WO 97/30731), are also known to enhance
the cellular uptake of dsSRNAs. Examples of commercially available transfection reagents include, for
example Lipofectamine™ (Invitrogen; Carlsbad, CA), Lipofectamine 2000™ (Invitrogen; Carlsbad, CA),
293fectin™ (Invitrogen; Carlsbad, CA), Cellfectin™ (Invitrogen; Carlsbad, CA), DMRIE-C™
(Invitrogen; Carlsbad, CA), FreeStyle™ MAX (Invitrogen; Carlsbad, CA), Lipofectamine™ 2000 CD
(Invitrogen; Carlsbad, CA), Lipofectamine™ (Invitrogen; Carlsbad, CA), RNAIMAX (Invitrogen;
Carlsbad, CA), Oligofectamine™ (Invitrogen; Carlsbad, CA), Optifect™ (Invitrogen; Carlsbad, CA), X-
tremeGENE Q2 Transfection Reagent (Roche; Grenzacherstrasse, Switzerland), DOTAP Liposomal
Transfection Reagent (Grenzacherstrasse, Switzerland), DOSPER Liposomal Transfection Reagent
(Grenzacherstrasse, Switzerland), or Fugene (Grenzacherstrasse, Switzerland), Transfectam® Reagent
(Promega; Madison, WI), TransFast™ Transfection Reagent (Promega; Madison, WI), TTx™-2(0 Reagent
(Promega; Madison, WI), TIx™-50 Reagent (Promega; Madison, WI), DreamFect™ (OZ Biosciences;
Marseille, France), EcoTransfect (OZ Biosciences; Marseille, France), TransPass® D1 Transfection
Reagent (New England Biolabs; Ipswich, MA, USA), LyoVec™/LipoGen™ (Invitrogen; San Diego, CA,
USA), PerFectin Transfection Reagent (Genlantis; San Diego, CA, USA), NeuroPORTER Transfection
Reagent (Genlantis; San Diego, CA, USA), GenePORTER Transfection reagent (Genlantis; San Diego,
CA, USA), GenePORTER 2 Transfection reagent (Genlantis; San Diego, CA, USA), Cytofectin
Transfection Reagent (Genlantis; San Diego, CA, USA), BaculoPORTER Transfection Reagent
(Genlantis; San Diego, CA, USA), TroganPORTER™ transfection Reagent (Genlantis; San Diego, CA,
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USA), RiboFect (Bioline; Taunton, MA, USA), PlasFect (Bioline; Taunton, MA, USA), UniFECTOR
(B-Bridge International; Mountain View, CA, USA), SureFECTOR (B-Bridge International; Mountain
View, CA, USA), or HiFect™ (B-Bridge International, Mountain View, CA, USA), among others.

[00309] Other agents may be utilized to enhance the penetration of the administered nucleic acids,
including glycols such as ethylene glycol and propylene glycol, pyrrols such as 2-pyrrol, azones, and

terpenes such as limonene and menthone.

Carriers

[00310] Certain compositions of the present invention also incorporate carrier compounds in the
formulation. As used herein, “carrier compound” or “carrier” can refer to a nucleic acid, or analog
thereof, which is inert (i.e., does not possess biological activity per se) but is recognized as a nucleic acid
by in vivo processes that reduce the bioavailability of a nucleic acid having biological activity by, for

example, degrading the biologically active nucleic acid or promoting its removal.

Other Components

[00311] The compositions of the present invention may additionally contain other adjunct components so
long as such materials, when added, do not unduly interfere with the biological activities of the
components of the compositions of the present invention. The formulations can be sterilized and, if
desired, mixed with auxiliary agents which do not deleteriously interact with the nucleic acid(s) of the

formulation.

[00312] Aqueous suspensions may contain substances which increase the viscosity of the suspension
including, for example, sodium carboxymethylcellulose, sorbitol and/or dextran. The suspension may also

contain stabilizers.

[00313] Toxicity and therapeutic efficacy of such compounds can be determined by standard cell based
assays cell cultures, e.g., cell death assays for determining the level of toxicity or evaluating an LD50 (the
dose lethal to 50% of the cells in the population) and the ED50 (the dose therapeutically effective in 50%
of the cellular population). The dose ratio between toxic and therapeutic effects is the therapeutic index
and it can be expressed as the ratio LD50/ED50. Compounds that exhibit high therapeutic indices are
preferred as they are less likely to induce cell toxicity during the production of a modified polypeptide.

[00314] The data obtained from cell culture assays can be used in formulating a range of dosages for use

in the instant methods. The dosage of compositions featured in the invention lies generally within a range
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of concentrations that includes the ED50 with little or no toxicity. The dosage may vary within this range

depending upon the dosage form employed and the route of administration utilized.

Methods for inhibiting expression of a gene product

[00315]In yet another aspect, the invention provides a method for inhibiting the expression of a gene
product in a host cell. The method includes administering a composition featured in the invention to the
host cell such that expression of the gene product is decreased, such as for an extended duration, e.g., at
least two, three, four days or more, e.g., one week, two weeks, three weeks, or four weeks or longer. The
effect of the decreased expression of the target gene preferably results in a decrease in levels of the
protein encoded by the target gene by at least 10%, at least 15%;, at least 20%, at least 25%, at least 30%,

at least 40%, at least 50%, or at least 60%, or more, as compared to pretreatment levels.

[00316] Preferably, the RNA effector molecules useful for the methods and compositions featured in the
invention specifically target RNAs (primary or processed) of the target gene. Compositions and methods
for inhibiting the expression of these target genes using RNA effector molecules can be prepared and

performed as described elsewhere herein.

[00317] 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 RNA effector molecules and methods featured in the 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 case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and examples are

illustrative only and not intended to be limiting.

Kits for producing a polypeptide with a terminal mannose

[00318] In some embodiments, kits are provided for testing the effect of an RNA effector molecule or a
series of RNA effector molecules on the production of a polypeptide having a modified glycosylation
pattern by a host cell, where the kits comprise a substrate having one or more assay surfaces suitable for
culturing host cells under conditions that allow production of the polypeptide. In some embodiments, the
exterior of the substrate comprises wells, indentations, demarcations, or the like at positions
corresponding to the assay surfaces. In some preferred embodiments, the wells, indentations,

demarcations, or the like retain fluid, such as cell culture media, over the assay surfaces.
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[00319]In some embodiments, the assay surfaces on the substrate are sterile and are suitable for culturing
host cells under conditions representative of the cell culture conditions during large-scale (e.g., industrial
scale) production of the polypeptide. Advantageously, kits provided herein offer a rapid, cost-effective
means for testing a wide-range of agents and/or conditions on the modification of a polypeptide
glycosylation pattern, allowing the cell culture conditions to be established prior to full-scale production

of the polypeptide.

[00320] In some embodiments, one or more assay surfaces of the substrate comprise a concentrated test
agent, such as an RNA effector molecule, such that the addition of suitable media to the assay surfaces
results in a desired concentration of the RNA effector molecule surrounding the assay surface. In some
embodiments, the RNA effector molecules may be printed or ingrained onto the assay surface, or
provided in a lyophilized form, e.g., within wells, such that the effector molecules can be reconstituted
upon addition of an appropriate amount of media. In some embodiments, the RNA effector molecules are

reconstituted by plating cells onto assay surfaces of the substrate.

[00321] In some embodiments, kits provided herein further comprise cell culture media suitable for
culturing a host cell under conditions allowing for modification of a polypeptide glycosylation pattern.
The media can be in a ready to use form or can be concentrated (e.g., as a stock solution), lyophilized, or

provided in another reconstitutable form.

[00322]In a further embodiment, kits provided herein further comprise one or more reagents suitable for
detecting modified polypeptides produced by the host cell. The kit can further comprise reagent(s)
suitable for detecting a property of the cell, such as maximum cell density, cell viability, or the like. In
some embodiments, reagent(s) suitable for detecting the polypeptide or a property thereof, such as the

biological activity, homogeneity, or structure of the polypeptide are provided.

[00323] In some embodiments, one or more assay surfaces of the substrate further comprises a reagent
that facilitates uptake of RNA effector molecules by host cells. Such reagent carriers for RNA effector
molecules are known in the art and/or are described herein. For example, in some embodiments, the
carrier is a lipid formulation such as Lipofectamine™ (Invitrogen; Carlsbad, CA) or a related formulation.

Examples of such carrier formulations are described herein.

[00324] In some embodiments, one or more assay surfaces of the substrate comprise an RNA effector
molecule or series of RNA effector molecules and a carrier, each in concentrated form, such that plating

host cells onto the assay surface(s) results in a concentration of the RNA effector molecule(s) and the
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carrier effective for facilitating uptake of the RNA effector molecule(s) by the host cells and modulation

of the expression of one or more genes targeted by the RNA effector molecules.

[00325] In some embodiments, the substrate further comprises a matrix which facilitates three-
dimensional cell growth and/or production of the biological product by host cells. In some embodiments,
the matrix facilitates anchorage-independent growth of host cells. In further embodiments, the matrix
facilitates anchorage-dependent growth of host cells. Non-limiting examples of matrix materials suitable
for use with various kits described herein include agar, agarose, methylcellulose, alginate hydrogel (e.g.,
5% alginate + 5% collagen type I), chitosan, hydroactive hydrocolloid polymer gels, polyvinyl alcohol-
hydrogel (PVA-H), polylactide-co-glycolide (PLGA), collagen vitrigel, PHEMA (poly(2-
hydroxylmethacrylate)) hydrogels, PVP/PEO hydrogels, BD PuraMatrix™ hydrogels, and copolymers of
2-methacryloyloxyethyl phophorylcholine (MPC).

[00326] In some embodiments, the substrate comprises a microarray plate, a biochip, or the like which
allows for the high-throughput, automated testing of a range of test agents, conditions, and/or
combinations thereof on the production of a modified polypeptide by cultured host cells. For example,
the substrate may comprise a two-dimensional microarray plate or biochip having m columns and n rows
of assay surfaces (e.g., residing within wells) which allow for the testing of m X n combinations of test
agents and/or conditions (e.g., on a 24, 96 or 384-well microarray plate). The microarray substrates are
preferably designed such that all necessary positive and negative controls can be carried out in parallel

with testing of the agents and/or conditions.

[00327]In some embodiments, kits are provided comprising one or more microarray plates or biochips
seeded with a series of RNA effector molecules designed to modify the glycosylation pattern of a

polypeptide.

[00328] In further embodiments, kits are provided that can further comprise one or more microarray
substrates seeded with a set of RNA effector molecules designed to modulate a particular pathway,
function, or property of a host cell which affects the production of the biological product. For example, in
some embodiments, the RNA effector molecules are directed against target genes comprising a pathway
involved in the expression, folding, secretion, or post-translational modification of a recombinant protein

product by the host cell.

[00329]In another embodiment, the product is a multi-subunit recombinant protein and the RNA effector

molecules are directed against target genes involved in post-translation modification of the protein by the
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host cell, such as methionine oxidation, glycosylation, disulfide bond formation, pyroglutamation and/or

protein deamidation.

[00330] In some embodiments, kits provided herein allow for the selection or optimization of at least one
factor for modifying the glycosylation pattern of a polypeptide. For example, the kits may allow for the
selection of an RNA effector molecule from among a series of candidate RNA effector molecules, or for
the selection of a concentration or concentration range from a wider range of concentrations of a given
RNA effector molecule. In some embodiments, the kits allow for selection of one or more RNA effector
molecules from a series of candidate RNA effector molecules directed against a common target gene. In
further embodiments, the Kits allow for selection of one or more RNA effector molecules from a series of
candidate RNA effector molecules directed against two or more functionally related target genes or two

or more target genes of a common host cell pathway.

[00331] In some embodiments, kits provided herein allow for the selection or optimization of a
combination of two or more factors in the production of a modified polypeptide. For example, the kits
may allow for the selection of a suitable RNA effector molecule from among a series of candidate RNA
effector molecules as well as a concentration of the RNA effector molecule. In further embodiments, kits
provided herein allow for the selection of a first RNA effector molecule from a first series of candidate
RNA effector molecules and a second RNA effector molecule from a second series of candidate RNA
effector molecules. In some embodiments, the first and/or second series of candidate RNA effector
molecules are directed against a common target gene. In further embodiments, the first and/or second
series of RNA effector molecules are directed against two or more functionally related target genes or two

or more target genes of a common host cell pathway.

[00332] In one embodiment, a kit for modifying the glycosylation pattern of a polypeptide in a host cell is
provided comprising one or more microarray plates seeded with a series of different RNA effector

molecules against a common target gene.

[00333] In another embodiment, a kit for modifying the glycosylation pattern of a polypeptide in a host
cell is provided comprising one or more microarray plates seeded with a range of concentrations of an

RNA effector molecule.

[00334] In another embodiment, a kit for modifying the glycosylation pattern of a polypeptide in a host
cell is provided comprising one or more microarray plates seeded with a series of RNA effector molecules

against a plurality of target genes.
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[00335] In another embodiment, a kit for modifying the glycosylation pattern of a polypeptide in a host
cell is provided comprising one or more two-dimensional microarray plates seeded along one dimension
(e.g., rows or columns) with a series of RNA effector molecules against a common target gene and along

the remaining dimension with a range of concentrations of each RNA effector molecule.

[00336] In another embodiment, a kit for modifying the glycosylation pattern of a polypeptide in a host
cell is provided comprising one or more two-dimensional microarray plates seeded along one dimension
(e.g., rows or columns) with a series of RNA effector molecules against a plurality of target genes and
along the remaining dimension with a range of concentrations of each RNA effector molecule of the

series.

[00337]In another embodiment, a kit for modifying the glycosylation pattern of a polypeptide in a host
cell is provided comprising one or more two-dimensional microarray plates seeded along one dimension
(e.g., rows or columns) with a first series of RNA effector molecules and along the remaining dimension
with a second series of RNA effector molecules, wherein the first series comprises different RNA effector
molecules against a first target gene and the second series comprises different RNA effector molecules

against a second target gene.

[00338] In another embodiment, a kit for modifying the glycosylation pattern of a polypeptide in a host
cell is provided comprising one or more two-dimensional microarray plates seeded along one dimension
(e.g., rows or columns) with a first series of RNA effector molecules and along the remaining dimension
with a second series of RNA effector molecules, wherein the first series comprises different RNA effector
molecules against a first target gene and the second series comprises RNA effector molecules against a

plurality of additional target genes.

[00339]In another embodiment, a kit for modifying the glycosylation pattern of a polypeptide in a host
cell is provided comprising one or more two-dimensional microarray plates seeded along one dimension
(e.g., rows or columns) with a first series of RNA effector molecules and along the remaining dimension
with a second series of RNA effector molecules, wherein the first series comprises RNA effector
molecules against a first plurality of target genes and the second series comprises RNA effector molecules

against a second plurality of target genes.

[00340] Provided herein in one aspect is a kit for producing a polypeptide comprising at least one terminal
mannose at an N-linked glycosylation site, the kit comprising:(a) at least one RNA effector molecule that
inhibits expression of a gene product involved in protein glycosylation in an admixture with a host cell;

and (b) instructions and packaging materials therefor.
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[00341] In one embodiment of this aspect, the host cell is a CHO cell.

[00342] In another embodiment, the gene product involved in protein glycosylation is selected from the
group consisting of: Mgatl, Mgat4, SL.C35A1, SLC35A2, and GNE. In another embodiment, the at least
one RNA effector molecule comprises (a) a sense strand comprising a sequence selected from the group
consisting of: SEQ ID NO. 1-33, SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and
SEQ ID NO. 257-282; and(b) a complementary anti-sense strand comprising a sequence selected from the
group consisting of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-
256 and SEQ ID NO. 283-308.

[00343] In another embodiment, the kit further comprises a cell medium for culturing the host cell. In

another embodiment, the kit further comprises an expression vector.

[00344] In other embodiments, the RNA effector molecule is provided at a concentration selected from
the group consisting of 0.1nM, 0.5nM, 0.75nM, 1nM, 2nM, 5nM, 10nM, 20nM, 30nM, 40nM, 50nM, and
60nM. Alternatively, in other embodiments the RNA effector molecule is provided at an amount of 50
molecules per cell, 100 molecules per cell, 200 molecules per cell, 300 molecules per cell, 400 molecules
per cell, 500 molecules per cell, 600 molecules per cell, 700 molecules per cell, 800 molecules per cell,
900 molecules per cell, 1000 molecules per cell, 2000 molecules per cell, or 5000 molecules per cell. In
further embodiments, the RNA effector molecule is provided at a concentration selected from the group
consisting of: 0.01 fmol /10° cells, 0.1 fmol /10° cells, 0.5 fmol /10° cells, 0.75 fmol /10° cells, 1 fmol /10°
cells, 2 fmol /10° cells, 5 fmol /10° cells, 10 fmol /10° cells, 20 fmol /10° cells, 30 fmol /10° cells, 40 fmol
/10° cells, 50 fmol /10° cells, 60 fmol /10° cells, 100 fmol /10° cells, 200 fmol /10° cells, 300 fmol /10°
cells, 400 fmol /10° cells, 500 fmol /10° cells, 700 fmol/10° cells, 800 fmol/10° cells, 900 fmol/10° cells,
and 1 pmol/10° cells.

[00345] In another embodiment, the kit further comprises an RNA effector molecule that inhibits

expression of the mannose 6 phosphate receptor.

[00346] The present invention can be defined in any of the following numbered paragraphs:
1. A method of producing a polypeptide with a modified glycosylation pattern at an N-linked
glycosylation site, the method comprising:
(a) culturing a cell comprising a polypeptide to be modified in the presence of at least one RNA
effector molecule that inhibits expression of a gene product involved in protein glycosylation such

that at least one polypeptide N-linked glycosylation site is modified to have a terminal mannose, and
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wherein the cell is cultured under conditions permitting glycosylation and for a sufficient time to
allow expression of the polypeptide to be modified; and

(b) isolating the polypeptide,

wherein the polypeptide produced by step (a) comprises a terminal mannose in at least one N-
linked glycosylation site, thereby producing a polypeptide with a modified glycosylation pattern.
2. The method of paragraph 1, further comprising culturing the cell with an RNA effector molecule
that inhibits expression of the mannose 6 phosphate receptor.
3 The method of any of paragraphs 1-2, wherein at least two N-linked glycosylation sites are
modified.
4. The method of any of paragraphs 1-3, wherein at least three N-linked glycosylation sites are
modified.
5. The method of any of paragraphs 1-4, wherein at least four N-linked glycosylation sites are
modified.
6. The method of any of paragraphs 1-5, wherein the modified N-linked glycosylation site
comprises an oligomannosyl structure.
7. The method of paragraph 6, wherein the modified N-linked glycosylation site consists of an
oligomannosyl structure selected from the group consisting of: Man,GlcNAc,, Man;GlcNAc,,
ManyGleNAc,, Mans GlcNAc,, MangGlcNAc,, Man;GlcNAc,, MangGlcNAc,, and MangGlcNACc,.
8. The method of any of paragraphs 1-7, wherein the polypeptide comprises 2, 3,4, 5, 6,7, 8,0r 9
terminal mannoses in the at least one N-linked glycosylation site.
9. The method of any of paragraphs 1-8, wherein the gene product that is inhibited is selected from
the group consisting of: Mgatl, Mgat4, SLLC35A1, SLC35A2, and GNE.
10. The method of any of paragraphs 1-9, wherein the polypeptide binds a mannose receptor present
on macrophages.
11. The method of any of paragraphs 1-10, wherein the polypeptide is secreted from the cell.
12. The method of any of paragraphs 1-11, wherein the at least one RNA effector molecule is an
siRNA.
13. The method of claim any of paragraphs 1-12, wherein the at least one RNA effector molecule
comprises

(a) a sense strand comprising a sequence selected from the group consisting of: SEQ ID NO. 1-33,
SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and SEQ ID NO. 257-282; and

(b) a complementary anti-sense strand comprising a sequence selected from the group consisting
of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-256 and SEQ
ID NO. 283-308.
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14. The method of any of paragraphs 1-13, wherein step (a) is performed by adding the RNA effector
molecule to a culture medium used to produce the polypeptide.

15. The method of paragraph 14, wherein the RNA effector molecule is added in combination with a
reagent that facilitates RNA effector molecule uptake into the cell.

16. The method of any of paragraphs 1-15, wherein the polypeptide is used in treatment of a
lysosomal storage disease.

17. The method of paragraph 16, wherein the polypeptide is selected from the group consisting of:
glucocerebrosidase, idursulfase, alglucosidase alfa, galsulfase, agalsidase beta, and laronidase.

18. The method of paragraph 17, wherein the polypeptide comprises at least one mutation.

19. The method of any of paragraphs 1-18, wherein the polypeptide is glucocerebrosidase.

20. The method of paragraph 19, wherein the glucocerebrosidase comprises an arginine to histidine
mutation at amino acid 495.

21. The method of any of paragraphs 1-20, wherein two or more RNA effector molecules are cultured
with the cell.

22. An isolated polypeptide comprising a modified mannosylation pattern produced by the method of
paragraph 1, wherein the polypeptide comprises a terminal mannose at at least one N-linked
glycosylation site.

23. The polypeptide of paragraph 22, wherein the polypeptide lacks a mannose phosphate group.

24. The polypeptide of any of paragraphs 22-23, wherein the polypeptide has a reduced affinity for
the mannose 6 phosphate receptor.

25. The polypeptide any of paragraphs 22-24, wherein at least two N-linked glycosylation sites are
modified.

26. The polypeptide of any of paragraphs 22-25, wherein at least three N-linked glycosylation sites
are modified.

27. The polypeptide of any of claims 22-26, wherein at least four N-linked glycosylation sites are
modified.

28. The polypeptide of any of paragraphs 22-27, wherein the modified N-linked glycosylation site
comprises an oligomannosyl structure.

29. The polypeptide of any of paragraphs 22-28, wherein the modified N-linked glycosylation site
consists of an oligomannosyl structure selected from the group consisting of: Man,GlcNAc,,
Man;GlecNAc,, Man,GlcNAc,, Mans GIcNAc,, MangGlcNAc,, Man;GlcNAc,, MangGIlcNAc,, and
ManoGIcNAC,.

30. The polypeptide of any of paragraphs 22-29, wherein the polypeptide comprises 2, 3,4, 5,6,7, 8,

or 9 terminal mannoses in the at least one N-linked glycosylation chain.
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31. The polypeptide of any of paragraphs 22-30, wherein the polypeptide binds a mannose receptor
present on macrophages.

32. The polypeptide of any of paragraphs 22-31, wherein the polypeptide is secreted from the cell.
33. The polypeptide of any of paragraphs 22-32, wherein the polypeptide is used in treatment of
lysosomal storage disease.

34. The polypeptide of paragraph 33, wherein the polypeptide is selected from the group consisting
of: glucocerebrosidase, idursulfase, alglucosidase alfa, galsulfase, agalsidase beta, and laronidase.
35. The polypeptide of any of paragraphs 22-34, wherein the polypeptide comprises at least one
mutation.

36. The polypeptide of any of paragraphs 22-35, wherein the polypeptide is glucocerebrosidase.
37. The polypeptide of paragraph 36, wherein the glucocerebrosidase comprises an arginine to
histidine mutation at amino acid 495.

38. An isolated mammalian host cell, in which the mRNA expression of a target gene selected from
the group consisting of: Mgatl, Mgat4, SLC35A1, SLC35A2, and GNE is inhibited by RNA
interference, wherein when a gene encoding a polypeptide is introduced into the host cell and
expressed, the host cell produces a polypeptide comprising the encoded polypeptide molecule which
contains a terminal mannose in at least one glycosylation chain, said polypeptide having increased
affinity for the mannose receptor when compared with the polypeptide produced in the presence of
Mgatl, Mgat4, SLC35A1, SLC35A2, or GNE expression, thereby producing a polypeptide with
increased macrophage internalization.

39. The host cell of paragraph 38, wherein the cell is a CHO cell.

40. The host cell of any of paragraphs 38-39, wherein the polypeptide is used to treat a lysosomal
storage disease.

41. The host cell of any of paragraphs 38-40, wherein the polypeptide is selected from the group
consisting of: glucocerebrosidase, idursulfase, alglucosidase alfa, galsulfase, agalsidase beta, and
laronidase.

42. The host cell of paragraph 41, wherein the polypeptide comprises at least one mutation.

43. The host cell of any of paragraphs 38-42, wherein the polypeptide is glucocerebrosidase.

44. The host cell of paragraph 43, wherein the glucocerebrosidase comprises an arginine to histidine
mutation at amino acid 495.

45. The host cell of any of paragraphs 38-44, wherein the polypeptide is introduced with an
expression vector.

46. The host cell of any of paragraphs 38-45, wherein the cell is cultured in suspension.

47. The host cell of any of paragraphs 38-46, wherein the cell is cultured in a bioreactor.
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48. The host cell of paragraphs 46 or 47, wherein the cell is cultured in a volume selected from the
group consisting of 0.1L,, 0.5L, 1L, 5L, 40L, 500L, 5000L, and 50,000L.
49. The host cell of any of paragraphs 38-48, wherein the polypeptide is secreted from the cell.
50. The host cell of any of paragraphs 38-49, wherein at least two N-linked glycosylation sites of the
polypeptide are modified.
51. The host cell of any of paragraphs 38-50, wherein at least three N-linked glycosylation sites of
the polypeptide are modified.
52. The host cell of any of paragraphs 38-51, wherein at least four N-linked glycosylation sites of the
polypeptide are modified.
53. The host cell of any of paragraphs 38-52, wherein the modified N-linked glycosylation site of the
polypeptide comprises an oligomannosyl structure.
54. The host cell of any of paragraphs 38-53, wherein the modified N-linked glycosylation site of the
peptide comprises a glycosylation chain selected from the group consisting of: Man,GlcNAc,,
Man;GlecNAc,, Man,GlcNAc,, Mans GIcNAc,, MangGlcNAc,, Man;GlcNAc,, MangGIlcNAc,, and
ManoGleNAGc,.
55. The host cell of any of paragraphs 38-54, wherein the polypeptide comprises 2, 3,4, 5, 6,7, 8, or
9 terminal mannoses at the at least one N-linked glycosylation site.
56. The host cell of any of paragraphs 38-55, wherein the polypeptide binds a mannose receptor
present on macrophages.
57. The host cell of any of paragraphs 38-56, wherein the mRNA expression of the target gene is
transiently inhibited.
58. The host cell of paragraph 57, wherein the mRNA expression is transiently inhibited by
contacting the cell with at least one RNA effector molecule.
59. The host cell of any of paragraphs 38-58, further comprising adding a reagent that facilitates
RNA effector molecule uptake into the cell.
60. The host cell of any of paragraphs 38-59, wherein the at least one RNA effector molecule
comprises an siRNA.
61. The host cell of any of paragraphs 38-60, wherein the at least one RNA effector molecule
comprises

(a) a sense strand comprising a sequence selected from the group consisting of: SEQ ID NO. 1-33,
SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and SEQ ID NO. 257-282; and

(b) a complementary anti-sense strand comprising a sequence selected from the group consisting
of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-256 and SEQ
ID NO. 283-308.
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62. The host cell of paragraph 58, wherein two or more RNA effector molecules are cultured with the
cell.
63. A composition comprising at least one RNA effector molecule comprising a nucleic acid
sequence complementary to at least one target gene of a host cell, wherein the RNA effector molecule
is capable of modulating mannosylation patterns at an N-linked glycosylation site of a polypeptide
produced in the host cell, and wherein the target gene is selected from the group consisting of: Mgatl,
Mgat4, SL.C35A1, SLC35A2, and GNE.
64. The composition of paragraph 63, wherein the at least one RNA effector molecule comprises a
duplex region.
65. The composition of any of paragraphs 63-64, wherein the at least one RNA effector molecule is
15-30 nucleotides in length.
66. The composition of any of paragraphs 63-65, wherein the at least one RNA effector molecule is
17-28 nucleotides in length.
67. The composition of any of paragraphs 63-66, wherein the at least one RNA effector molecule
comprises a modified nucleotide.
68. The composition of any of paragraphs 63-67, wherein the at least one RNA effector molecule
comprises

(a) a sense strand comprising a sequence selected from the group consisting of: SEQ ID NO. 1-33,
SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and SEQ ID NO. 257-282; and

(b) a complementary anti-sense strand comprising a sequence selected from the group consisting
of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-256 and SEQ
ID NO. 283-308.
69. The composition of any of paragraphs 63-68, further comprising an RNA effector molecule that
inhibits expression of the mannose 6 phosphate receptor.
70. An isolated polypeptide that comprises a terminal mannose in at least one N-linked glycosylation
site, wherein the glycosylation pattern of the isolated polypeptide has not been modified
enzymatically to contain the terminal mannose.
71. The isolated polypeptide of paragraph 70, wherein the polypeptide is glucocerebrosidase.
72. A composition comprising a dsSRNA for inhibiting expression of a target gene selected from the

group consisting of: Mgatl, Mgat4, SLC35A1, SLLC35A2, and GNE, the dsRNA comprising

(a) a sense strand comprising a sequence selected from the group consisting of: SEQ ID NO. 1-33,

SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and SEQ ID NO. 257-282; and
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(b) a complementary anti-sense strand comprising a sequence selected from the group consisting
of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-256 and SEQ
ID NO. 283-308.

[00347] All patents and other publications identified in the specification are expressly incorporated herein
by reference in their entirety for all purposes. These publications are provided solely for their disclosure
prior to the filing date of the present application. Nothing in this regard should be construed as an
admission that the inventors are not entitled to antedate such disclosure by virtue of prior invention or for
any other reason. All statements as to the date or representation as to the contents of these documents is
based on the information available to the applicants and does not constitute any admission as to the

correctness of the dates or contents of these documents.

[00348] To the extent not already indicated, it will be understood by those of ordinary skill in the art that
any one of the various embodiments herein described and illustrated can be further modified to

incorporate features shown in any of the other embodiments disclosed herein.

[00349] The following examples illustrate some embodiments and aspects of the invention. It will be
apparent to those skilled in the relevant art that various modifications, additions, substitutions, and the
like can be performed without altering the spirit or scope of the invention, and such modifications and
variations are encompassed within the scope of the invention as defined in the claims which follow. The

following examples do not in any way limit the invention.

EXAMPLES
EXAMPLE 1
Vector Construction

[00350] The gene sequence for CEREZYME® was purchased from BLUE HERON
BIOTECHNOLOGY®. A Polymerase chain reaction (PCR) was performed using primers containing the
5’ cloning site(Notl) and 3’cloning site (Ascl) using the PHUSION® High Fidelity PCR kit from NEW
ENGLAND BIOLABS® using the protocol recommended by the manufacturer. The DNA sequence and
its protein translation are listed in Appendix A. Primers specific for the CEREZYME® were designed

and synthesized by INTEGRATED DNA TECHNOLOGIES® (IDT). The reaction was examined by
agarose gel electrophoresis for the presence of a 1570 bp fragment and purified on the PCR Purification
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Kit (QIAGEN®). Approximately 4 micrograms of PCR product were digested with the restriction
enzymes Notl and Ascl for three hours using manufacturers recommended conditions (NEW ENGLAND

BIOLABS®). The reaction was subsequently purified using the PCR Purification Kit (QIAGEN®).

[00351] The vector GV90 was digested with the enzymes Notl and Ascl for 2-3 hours and the treated with
alkaline phosphatase for 1 hour. The vector was subsequently purified by phenol extraction followed by

ethanol precipitation.

[00352] The ligation mixture contained 50ng of Notl & Ascl digested vector and 2 and 4 fold excess
(separately) of CEREZYME® insert using the NEW ENGLAND BIOLABS® Quick Ligation kit. DHS5
alpha cells were transformed and recombinants were selected by resistance to 100ug/ml Ampicillin.
Individual colonies were screened by restriction digestion for the presence of the insert. A clone with the
correct restriction digestion pattern was selected and grown on large scale. DNA was prepared and used

in subsequent CHO cell transfections.
Transfection of CHO cells

[00353] Chinese Hamster Ovary host cell line DG44 was purchased from INVITROGEN™ or directly
obtained from Larry Chasin (Columbia University). The cells were transfected with the CEREZYME®
expression vector using FUGENE® mediated transfection at a FUGENE®/DNA ratio of 3/1 (v/w). After
a thirty minute incubation at room temperature the DNA lipid complexes were added to two million CHO
DG44 cells and incubated overnight. On the next day cells were shifted to nucleoside deficient media to
select transfected cells. High expressing cells were screened with an anti beta-glucocerebrosidase

antibody using the method of Brezinsky et.al.

[00354] In order to produce the oligomannose form of the glucocerebrosidase, siRNAs against the
following target hamster genes were used: Mgatl, Mgat4B, SLC35A1, SLC35A2, GNE. Exemplary

siRNA sequences directed at these target genes is provided herein in Tables 2-6.

[00355] Table 2: RNA effector molecules sequences targeting GNE (hamster)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence
Name Pos. D 5'to 3' D 5'to 3'
NO. NO.

CHO1322.1 13 1 AGCCAUGGUAGAGUCAGUA 34 UACUGACUCUACCAUGGCU
_13-31_s
CHO1322.1 82 2 CAUCAUGAUUGUUCAUGGA 35 UCCAUGAACAAUCAUGAUG
_82-100_s
CHO1322.1 315 3 GCCCUUCCUAUGACAAACU 36 AGUUUGUCAUAGGAAGGGC
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_315-333_s

CHO1322.1 318 4 CUUCCUAUGACAAACUGCU 37 AGCAGUUUGUCAUAGGAAG
_318-336_s

CHO1322.1 357 5 AUAUGAGCAUCAUUCGGAU 38 AUCCGAAUGAUGCUCAUAU
_357-375_s

CHO1322.1 402 6 AAGAUUACAUUGUUGCACU 39 AGUGCAACAAUGUAAUCUU
_402-420_s

CHO1322.1 477 7 UGGAUGCACUUAUCUCAUU 40 AAUGAGAUAAGUGCAUCCA
_477-495_s

CHO1322.1 597 8 UUCGUGCAGUCAAGCAUGU 41 ACAUGCUUGACUGCACGAA
_597-615_s

CHO1322.1 604 9 AGUCAAGCAUGUCCCAUUU 42 AAAUGGGACAUGCUUGACU
_604-622_s

CHO1322.1 615 10 UCCCAUUUGACCAGUUUAU 43 AUAAACUGGUCAAAUGGGA
_615-633_s

CHO1322.1 616 11 CCCAUUUGACCAGUUUAUA 44 UAUAAACUGGUCAAAUGGG
_616-634_s

CHO1322.1 645 12 CCCAUGCUGGUUGUAUGAU 45 AUCAUACAACCAGCAUGGG
_645-663_s

CHO1322.1 727 13 AACACGCCAGAUAGGAAGA 46 UCUUCCUAUCUGGCGUGUU
_727-745_s

CHO1322.1 777 14 AUGCUGACACCCAAGAUAA 47 UUAUCUUGGGUGUCAGCAU
_T777-795_s

CHO1322.1 778 15 UGCUGACACCCAAGAUAAA 48 UUUAUCUUGGGUGUCAGCA
_778-796_s

CHO1322.1 798 16 UAUUACAAGCGCUCCACCU 49 AGGUGGAGCGCUUGUAAUA
_798-816_s

CHO1322.1 811 17 CCACCUUCAGUUCGGUAAA 50 UUUACCGAACUGAAGGUGG
_811-829_s

CHO1322.1 816 18 UUCAGUUCGGUAAACAGUA 51 UACUGUUUACCGAACUGAA
_816-834_s

CHO1322.1 1049 19 AAGGGUGAAAUAGUUAAGA 52 UCUUAACUAUUUCACCCUU
_1049-

1067_s

CHO1322.1 1050 20 AGGGUGAAAUAGUUAAGAA 53 UUCUUAACUAUUUCACCCU
_1050-

1068_s

CHO1322.1 1106 21 AUUAGUUUAAUCCUGCAGA 54 UCUGCAGGAUUAAACUAAU
_1106-

1124 _s

CHO1322.1 1169 22 AUUCUGGGAGUAGGCAUUU 55 AAAUGCCUACUCCCAGAAU
_1169-

1187_s

CHO1322.1 1342 23 AGAAAGGAAGUUUGGCCAA 56 UUGGCCAAACUUCCUUUCU
_1342-

1360_s

CHO1322.1 1378 24 CUUUGUGACACUCAUUACA 57 UGUAAUGAGUGUCACAAAG
_1378-

1396_s

CHO1322.1 1382 25 GUGACACUCAUUACAGGCA 58 UGCCUGUAAUGAGUGUCAC
_1382-

1400_s

CHO1322.1 1674 26 ACGUGAAGGCCCAGAAUAU 59 AUAUUCUGGGCCUUCACGU

_1674-
1692_s
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CHO1322.1 | 1684 27 CCAGAAUAUCCUACGAACA 60 UGUUCGUAGGAUAUUCUGG
_1684-

1702_s

CHO1322.1 | 1687 28 GAAUAUCCUACGAACAGCU 61 AGCUGUUCGUAGGAUAUUC
1687-

1705_s

CHO1322.1 | 1797 29 UCCACAUUGUCAAGGACGU 62 ACGUCCUUGACAAUGUGGA

_1797-

1815_s

CHO1322.1 | 1864 30 UUCAGACUUGGUUGACCCU 63 AGGGUCAACCAAGUCUGAA

_1864-

1882_s

CHO1322.1 | 1999 31 UUAGAUCAGUACUUCUUCA 64 UGAAGAAGUACUGAUCUAA

_1999-

2017_s

CHO1322.1 | 2166 32 CUAGAUUAAAGGUGGAUCU 65 AGAUCCACCUUUAAUCUAG

_2166-

2184 _s

CHO1322.1 | 2211 33 AAUGGGUCUUUCCUCUUAA 66 UUAAGAGGAAAGACCCAUU
2211-

2229 s

[00356] Table 3: RNA effector molecules targeting MGAT1 (hamster)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence
Name Pos. D 5'to 3' D 5'to 3’
NO. NO.

CHO5594.1 | 84 | 67 | GGUUACUACAAGAUCGCCA | 95 | UGGCGAUCUUGUAGUAACC
6%(—)150529_:.1 124 | 68 | GCCAGAUCUUCAACAAGUU | 96 | AACUUGUUGAAGAUCUGGC
6153-51549251 187 | 69 | GCACCAGACUUCUUUGAGU | 97 | ACUCAAAGAAGUCUGGUGC
63(7)_5250;4[31 188 | 70 | CACCAGACUUCUUUGAGUA | 98 | UACUCAAAGAAGUCUGGUG
633_5250964[31 90 | 71 CCAGACUUCUUUGAGUACU | 99 | AGUACUCAAAGAAGUCUGG
Eﬁgszsojisl 252 | 72 | GUGUGUGUCUGCUUGGAAU | 100 | AUUCCAAGCAGACACACAC
625(2)_52579?4[31 258 | 73 | GUCUGCUUGGAAUGACAAU | 101 | AUUGUCAUUCCAAGCAGAC
6253_5257964[31 315 | 74 | GCUCUAUCGAACAGACUUU | 102 | AAAGUCUGUUCGAUAGAGC
631{1(5)_5353934[51 448 | 75 | GCCUGUAUUCGUCCAGAAA | 103 | UUUCUGGACGAAUACAGGC
Eﬁg5456964[31 450 | 76 | CUGUAUUCGUCCAGAAAUU | 104 | AAUUUCUGGACGAAUACAG
61{58_545654[51 460 | 77 | CCAGAAAUUUCAAGAACGA | 105 | UCGUUCUUGAAAUUUCUGG

_460-478_s
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CHO559%4.1 461 78 CAGAAAUUUCAAGAACGAU 106 AUCGUUCUUGAAAUUUCUG
_461-479_s

CHO55%4.1 463 79 GAAAUUUCAAGAACGAUGA 107 UCAUCGUUCUUGAAAUUUC
_463-481_s

CHO55%4.1 509 80 GGCAGUUCUUUGAUCAGCA 108 UGCUGAUCAAAGAACUGCC
509-527_s

CHO3594.1 520 81 GAUCAGCAUCUUAAGUUCA 109 UGAACUUAAGAUGCUGAUC
_520-538_s

CHO55%4.1 561 82 GUCUUUCACCCAGUUGGAU 110 AUCCAACUGGGUGAAAGAC
_561-579_s

CHO55%4.1 563 83 CUUUCACCCAGUUGGAUUU 111 AAAUCCAACUGGGUGAAAG
563-581_s

CHO3594.1 567 84 CACCCAGUUGGAUUUGUCA 112 UGACAAAUCCAACUGGGUG
_567-585_s

CHO55%4.1 571 85 CAGUUGGAUUUGUCAUACU 113 AGUAUGACAAAUCCAACUG
_571-589_s

CHO55%4.1 602 86 CUUAUGACCGGGAUUUCCU 114 AGGAAAUCCCGGUCAUAAG
602-620_s

CHO5594.1 605 87 GGACCAAUGAUCAGAAGGA 115 UCCUUCUGAUCAUUGGUCC
_665-683_s

CHO5594.1 699 88 GGUACAGUACACUAGCAGA 116 UCUGCUAGUGUACUGUACC
_699-717_s

CHO55%4.1 703 89 CAGUACACUAGCAGAGACA 117 UGUCUCUGCUAGUGUACUG
703-721_s

CHO5594.1 797 90 GCGUUGUCACUUUCCAGUU 118 AACUGGAAAGUGACAACGC
_797-815_s

CHO55%4.1 901 91 GCUGGAUCUGCUUGUCAUA 119 UAUGACAAGCAGAUCCAGC
901-919_s

CHO3594.1 904 92 GGAUCUGCUUGUCAUAUCA 120 UGAUAUGACAAGCAGAUCC
_904-922 s

CHO55%4.1 905 93 GAUCUGCUUGUCAUAUCAU 121 AUGAUAUGACAAGCAGAUC
_905-923_s

CHO55%4.1 914 94 GUCAUAUCAUGAGCUGAGA 122 UCUCAGCUCAUGAUAUGAC
_914-932_s

[00357] Table 4: RNA effector molecules targeting MGAT4b (hamster)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence
Name Pos. D 5'to 3' D 5'to 3'
NO. NO.

CHO2254.1 53 123 AGCGCUCUAAGGAGCUAAA 155 UUUAGCUCCUUAGAGCGCU
_53-71_s

CHO2254.1 56 124 GCUCUAAGGAGCUAAACCU 156 AGGUUUAGCUCCUUAGAGC
56-74_s

CHO2254.1 347 125 CGUACCUGACUGACACAUU 157 AAUGUGUCAGUCAGGUACG
_347-365_s

CHO2254.1 359 126 ACACAUUGCACUCGCUCAU 158 AUGAGCGAGUGCAAUGUGU
_359-377_s

CHO2254.1 361 127 ACAUUGCACUCGCUCAUCU 159 AGAUGAGCGAGUGCAAUGU
361-379_s

6H02254. 1 611 128 AGAACCUGGAUUACUGCUU 160 AAGCAGUAAUCCAGGUUCU
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_611-629_s
CHO2254.1 683 129 ACAUUGUAGCCAAGCCCAA 161 UUGGGCUUGGCUACAAUGU
_683-701_s
CHO2254.1 694 130 AAGCCCAACUACUUGAGCA 162 UGCUCAAGUAGUUGGGCUU
_694-712_s
CHO2254.1 824 131 UGGAAUUCAUCCUUAUGUU 163 AACAUAAGGAUGAAUUCCA
_824-842 s
CHO2254.1 831 132 CAUCCUUAUGUUCUACCGA 164 UCGGUAGAACAUAAGGAUG
_831-849_s
CHO2254.1 833 133 UCCUUAUGUUCUACCGAGA 165 UCUCGGUAGAACAUAAGGA
_833-851_s
CHO2254.1 843 134 CUACCGAGACAAGCCUAUU 166 AAUAGGCUUGUCUCGGUAG
_843-861_s
CHO2254.1 845 135 ACCGAGACAAGCCUAUUGA 167 UCAAUAGGCUUGUCUCGGU
_845-863_s
CHO2254.1 847 136 CGAGACAAGCCUAUUGACU 168 AGUCAAUAGGCUUGUCUCG
_847-865_s
CHO2254.1 884 137 UGUGGGUGAAAGUCUGCAA 169 UUGCAGACUUUCACCCACA
_884-902_s
CHO2254.1 901 138 AACCCUGAGAAAGAUGCGA 170 UCGCAUCUUUCUCAGGGUU
_901-919_s
CHO2254.1 902 139 ACCCUGAGAAAGAUGCGAA 171 UUCGCAUCUUUCUCAGGGU
_902-920_s
CHO2254.1 903 140 CCCUGAGAAAGAUGCGAAA 172 UUUCGCAUCUUUCUCAGGG
_903-921_s
CHO2254.1 1885 141 AUACACUACUUUAUGUGCU 173 AGCACAUAAAGUAGUGUAU
_1885-
1903_s
CHO2254.1 1887 142 ACACUACUUUAUGUGCUGU 174 ACAGCACAUAAAGUAGUGU
_1887-
1905_s
CHO2254.1 1934 143 UUUCACGUUAAGUUCGCAU 175 AUGCGAACUUAACGUGAAA
_1934-
1952_s.6
CHO2254.1 1935 144 UUCACGUUAAGUUCGCAUA 176 UAUGCGAACUUAACGUGAA
_1935-
1953_s2.4
CHO2254.1 1936 145 UCACGUUAAGUUCGCAUAU 177 AUAUGCGAACUUAACGUGA
_1936-
1954 _s
CHO2254.1 1937 146 CACGUUAAGUUCGCAUAUA 178 UAUAUGCGAACUUAACGUG
_1937-
1955_s
CHO2254.1 1940 147 GUUAAGUUCGCAUAUACUU 179 AAGUAUAUGCGAACUUAAC
_1940-
1958_s
CHO2254.1 1942 148 UAAGUUCGCAUAUACUUCU 180 AGAAGUAUAUGCGAACUUA
_1942-
1960_s
CHO2254.1 1943 149 AAGUUCGCAUAUACUUCUA 181 UAGAAGUAUAUGCGAACUU
_1943-
1961_s
CHO2254.1 1945 150 GUUCGCAUAUACUUCUAUA 182 UAUAGAAGUAUAUGCGAAC

_1945-
1963_s
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CHO2254.1 | 1952 151 UAUACUUCUAUAAGAGCGU 183 ACGCUCUUAUAGAAGUAUA
_1952-
1970_s

CHO2254.1 | 1957 152 UUCUAUAAGAGCGUGACUU 184 AAGUCACGCUCUUAUAGAA
_1957-
1975_s

CHO2254.1 1964 153 AGAGCGUGACUUGUAAUAA 185 UUAUUACAAGUCACGCUCU
_1964-
1982_s

CHO2254.1 | 1965 154 GAGCGUGACUUGUAAUAAA 186 UUUAUUACAAGUCACGCUC
_1965-
1983_s

[00358] Table 5: RNA effector molecules targeting SLC35A1 (hamster)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence
Name Pos. D 5'to 3' D 5'to 3'
NO. NO.

CHO4117.1 148 187 GCAGCUUAUACCGUAGCUU 222 AAGCUACGGUAUAAGCUGC
_148-166_s

CHO4117.1 149 188 CAGCUUAUACCGUAGCUUU 223 AAAGCUACGGUAUAAGCUG
_149-167_s

CHO4117.1 159 189 CGUAGCUUUAAGAUACACA 224 UGUGUAUCUUAAAGCUACG
_159-177_s

CHO4117.1 160 190 GUAGCUUUAAGAUACACAA 225 UUGUGUAUCUUAAAGCUAC
160-178_s

6HO41 17.1 223 191 GUCACAGAAGUUAUAAAGU 226 ACUUUAUAACUUCUGUGAC
_223-241_s

CHO4117.1 240 192 GUUACUGAUAAGUGUUGGA 227 UCCAACACUUAUCAGUAAC
_240-258_s

CHO4117.1 275 193 CUGGAAGUUUGGGUAGAUU 228 AAUCUACCCAAACUUCCAG
275-293_s

6HO41 17.1 278 194 GAAGUUUGGGUAGAUUUAA 229 UUAAAUCUACCCAAACUUC
_278-296_s

CHO4117.1 285 195 GGGUAGAUUUAAGGCAUCU 230 AGAUGCCUUAAAUCUACCC
_285-303_s

CHO4117.1 286 196 GGUAGAUUUAAGGCAUCUU 231 AAGAUGCCUUAAAUCUACC
286-304_s

CHOA117.1 387 197 GGCUUUCCUAGCUCUUAGU 232 ACUAAGAGCUAGGAAAGCC
_387-405_s

CHO4117.1 389 198 CUUUCCUAGCUCUUAGUAU 233 AUACUAAGAGCUAGGAAAG
389-407_s

6HO41 17.1 414 199 CAGUAUACCAGGUUACCUA 234 UAGGUAACCUGGUAUACUG
_414-432_s

CHO4117.1 489 200 CUCAGCAAAUUACAUGGGU 235 ACCCAUGUAAUUUGCUGAG
_489-507_s

CHO4117.1 600 201 GCUUUGGUGCAAUAGCUAU 236 AUAGCUAUUGCACCAAAGC
600-618_s

6HO41 171 609 202 CAAUAGCUAUUGCUGUAUU 237 AAUACAGCAAUAGCUAUUG
_0609-627_s

CHO4117.1 620 203 GCUGUAUUGUGCUCUGGAU 238 AUCCAGAGCACAAUACAGC
_620-638_s
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CHO4117.1 635 204 GGAUUUGCAGGAGUUUAUU 239 AAUAAACUCCUGCAAAUCC
_635-653_s

CHO4117.1 696 205 GGGUGAGAAACAUUCACUU 240 AAGUGAAUGUUUCUCACCC
_696-714_s

CHO4117.1 917 206 GAUACUCCUAUAACGACUA 241 UAGUCGUUAUAGGAGUAUC
_917-935_s

CHO4117.1 921 207 CUCCUAUAACGACUAAACU 242 AGUUUAGUCGUUAUAGGAG
_921-939_s

CHO4117.1 930 208 CGACUAAACUGUCAAUAAU 243 AUUAUUGACAGUUUAGUCG
_930-948_s

CHO4117.1 931 209 GACUAAACUGUCAAUAAUA 244 UAUUAUUGACAGUUUAGUC
_931-949_s

CHO4117.1 971 210 CCAGAUGGUAGCUUAAACA 245 UGUUUAAGCUACCAUCUGG
_971-989_s

CHO4117.1 974 211 GAUGGUAGCUUAAACAAUA 246 UAUUGUUUAAGCUACCAUC
_974-992 s

CHO4117.1 977 212 GGUAGCUUAAACAAUAUCA 247 UGAUAUUGUUUAAGCUACC
_977-995_s

CHO4117.1 978 213 GUAGCUUAAACAAUAUCAA 248 UUGAUAUUGUUUAAGCUAC
_978-996_s

CHOA4117.1 | 1060 214 GUGAAACUACAAUAUUCAA 249 UUGAAUAUUGUAGUUUCAC
_1060-
1078_s

CHO4117.1 | 1095 215 GGUAUCUGAAGGUUCAAGU 250 ACUUGAACCUUCAGAUACC
_1095-
1113_s

CHO4117.1 | 1136 216 CUGUUCUCUCGUUCAGGUA 251 UACCUGAACGAGAGAACAG
_1136-
1154 _s

CHO4117.1 1246 217 GUGAAGAAUGAAUAAGAGA 252 UCUCUUAUUCAUUCUUCAC
_1246-
1264 _s

CHO4117.1 1286 218 CUGACUUCUGUCUGGGUAA 253 UUACCCAGACAGAAGUCAG
_1286-
1304_s

CHO4117.1 1363 219 GCUGUUAGCUGAUAUACUU 254 AAGUAUAUCAGCUAACAGC
_1363-
1381_s

CHOA4117.1 | 1443 220 GGCUCUCAAUUUGUGAACU 255 AGUUCACAAAUUGAGAGCC
_1443-
1461_s

CHO4117.1 | 1444 | 221 GCUCUCAAUUUGUGAACUU | 256 | AAGUUCACAAAUUGAGAGC
_1444-
1462_s

[00359] Table 6: RNA effector molecules targeting SLC35A2 (hamster)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence
Name Pos. D 5'to 3' D 5'to 3'
NO. NO.

CHO1453.1 165 257 UCAUCCUUAGCAUCCGAUA 283 UAUCGGAUGCUAAGGAUGA
_165-183_s
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CHO1453.1 166 258 CAUCCUUAGCAUCCGAUAU 284 AUAUCGGAUGCUAAGGAUG
_166-184_s
CHO1453.1 173 259 AGCAUCCGAUAUGCUCGUA 285 UACGAGCAUAUCGGAUGCU
_173-191_s
CHO1453.1 452 260 CAGCUCAAGAUCCUGACUA 286 UAGUCAGGAUCUUGAGCUG
_452-470_s
CHO1453.1 870 261 UGGCUGUUGUAGUCAAGUA 287 UACUUGACUACAACAGCCA
_870-888_s
CHO1453.1 970 262 UCACCUGGACCCAUUAUUU 288 AAAUAAUGGGUCCAGGUGA
_970-988_s
CHO1453.1 1043 263 AGUGCAGUCAAAGCCAUAA 289 UUAUGGCUUUGACUGCACU
_1043-

1061_s
CHO1453.1 1315 264 CCACACUUCUAGAGGGAUA 290 UAUCCCUCUAGAAGUGUGG
_1315-
1333_s
CHO1453.1 1316 265 CACACUUCUAGAGGGAUAU 2901 AUAUCCCUCUAGAAGUGUG
_1316-
1334 _s
CHO1453.1 1425 266 AGGCUAACCUCUUUGGGAA 292 UUCCCAAAGAGGUUAGCCU
_1425-
1443 _s
CHO1453.1 1564 267 UUCUUCAGUAACGACUAAU 293 AUUAGUCGUUACUGAAGAA
_1564-
1582_s
CHO1453.1 1709 268 GAAGAUCGGCCUGUUGUAA 294 UUACAACAGGCCGAUCUUC
_1709-
1727 s
CHO1453.1 1792 269 CAAUAAGCACCAUUUACUU 295 AAGUAAAUGGUGCUUAUUG
_1792-
1810_s
CHO1453.1 1815 270 UAUGUCGGGCAUUUGUGAU 296 AUCACAAAUGCCCGACAUA
_1815-
1833 s
CHO1453.1 1816 271 AUGUCGGGCAUUUGUGAUA 297 UAUCACAAAUGCCCGACAU
_1816-
1834 _s
CHO1453.1 1817 272 UGUCGGGCAUUUGUGAUAU 298 AUAUCACAAAUGCCCGACA
_1817-
1835_s
CHO1453.1 1823 273 GCAUUUGUGAUAUCAGGUU 299 AACCUGAUAUCACAAAUGC
_1823-
1841_s
CHO1453.1 2012 274 UCAUGGCGGUGUCAGAAUU 300 AAUUCUGACACCGCCAUGA
_2012-
2030_s
CHO1453.1 2015 275 UGGCGGUGUCAGAAUUGAU 301 AUCAAUUCUGACACCGCCA
_2015-
2033_s
CHO1453.1 2065 276 AAAGCUUACUAACUCCUUA 302 UAAGGAGUUAGUAAGCUUU
_2065-
2083_s
CHO1453.1 2071 277 UACUAACUCCUUAACUGUA 303 UACAGUUAAGGAGUUAGUA

_2071-
2089_s
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CHO1453.1
_2072-
2090_s

2072

278

ACUAACUCCUUAACUGUAU

304

AUACAGUUAAGGAGUUAGU

CHO1453.1
_2198-
2216_s

2198

279

AAUGAACAUAUGUCAGGAU

305

AUCCUGACAUAUGUUCAUU

CHO1453.1
_2199-
2217_s

2199

280

AUGAACAUAUGUCAGGAUA

306

UAUCCUGACAUAUGUUCAU

CHO1453.1
_2210-
2228 s

2210

281

UCAGGAUACCCAAUGCCAA

307

UUGGCAUUGGGUAUCCUGA

CHO1453.1
_2214-
2232 s

2214

282

GAUACCCAAUGCCAAAUAA

308

UUAUUUGGCAUUGGGUAUC

[00360] Table 7: RNA effector molecules targeting GNE (human; NM_005476.4; SEQ ID NO: 309)

Oligo
Name

Start
Pos.

SEQ
7))
NO.

Sense Sequence
5'to 3'

SEQ
7))
NO.

Antisense Sequence
5't03'

NM_0054
76.4_nolst

exon_88-
106

88

310

ACUUGUAACCGUGCAGAUU

337

AAUCUGCACGGUUACAAGU

NM_0054

76.4_nolst
exon_202-
220

202

311

UAUGGAAAUACAUAUCGAA

338

UUCGAUAUGUAUUUCCAUA

NM_0054

76.4_nolst
exon_461-
479

461

312

GGACCAUUGAUGACUCUAU

339

AUAGAGUCAUCAAUGGUCC

NM_0054

76.4_nolst
exon_0645-
663

645

313

UCGCAUGUGGCUAGGUGAU

340

AUCACCUAGCCACAUGCGA

NM_0054

76.4_nolst
exon_&862-
880

862

314

CCCAACUUUCGUGCAGUUA

341

UAACUGCACGAAAGUUGGG

NM_0054

76.4_nolst
exon_974-
992

974

315

UUGGAACACCUGUGAUCAA

342

UUGAUCACAGGUGUUCCAA

NM_0054
76.4_nolst
exon_1158
-1176

1158

316

GUUUCUCAAAUCUAUCGAU

343

AUCGAUAGAUUUGAGAAAC
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NM_0054
76.4_nolst
exon_1161
-1179

1161

317

UCUCAAAUCUAUCGAUCUU

344

AAGAUCGAUAGAUUUGAGA

NM_0054
76.4_nolst
exon_1260
-1278

1260

318

UCUAAGUGCCUUGGCCGUU

345

AACGGCCAAGGCACUUAGA

NM_0054
76.4_nolst
exon_1292
-1310

1292

319

CGAACCUCCGAGUUGCAAU

346

AUUGCAACUCGGAGGUUCG

NM_0054
76.4_nolst
exon_1343
-1361

1343

320

AUACUCAGUUCAAUCCUAA

347

UUAGGAUUGAACUGAGUAU

NM_0054
76.4_nolst
exon_1572
-1590

1572

321

CCCUGUGUGGGUAGACAAU

348

AUUGUCUACCCACACAGGG

NM_0054
76.4_nolst
exon_1919
-1937

1919

322

AUCUCAUCCAAGCUGCGAA

349

UUCGCAGCUUGGAUGAGAU

NM_0054
76.4_nolst
exon_1920
-1938

1920

323

UCUCAUCCAAGCUGCGAAA

350

UUUCGCAGCUUGGAUGAGA

NM_0054
76.4_nolst
exon_1934
-1952

1934

324

CGAAACUUGGCAAUGCGAA

351

UUCGCAUUGCCAAGUUUCG

NM_0054
76.4_nolst
exon_2186
-2204

2186

325

ACUACACAACACGCAGGAU

352

AUCCUGCGUGUUGUGUAGU

NM_0054
76.4_nolst
exon_2189
-2207

2189

326

ACACAACACGCAGGAUCUA

353

UAGAUCCUGCGUGUUGUGU

NM_0054
76.4_nolst
exon_2270
-2288

2270

327

GUCUUUAGGAUGACCGUUU

354

AAACGGUCAUCCUAAAGAC

NM_0054
76.4_nolst
exon_2274
-2292

2274

328

UUAGGAUGACCGUUUCUUA

355

UAAGAAACGGUCAUCCUAA

NM_0054
76.4_nolst

2275

329

UAGGAUGACCGUUUCUUAA

356

UUAAGAAACGGUCAUCCUA
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exon_2275
-2293

NM_0054
76.4_nolst
exon_2282
-2300

2282

330

ACCGUUUCUUAACAAUCAA

357

UUGAUUGUUAAGAAACGGU

NM_0054
76.4_nolst
exon_3710
-3728

3710

331

ACCCUAGGGUGUCCAUUAA

358

UUAAUGGACACCCUAGGGU

NM_0054
76.4_nolst
exon_3854
-3872

3854

332

ACUAACUGCCACCACUUAU

359

AUAAGUGGUGGCAGUUAGU

NM_0054
76.4_nolst
exon_3931
-3949

3931

333

UAUCUCAACAUAUGAGGUA

360

UACCUCAUAUGUUGAGAUA

NM_0054
76.4_nolst
exon_4692
-4710

4692

334

CCUAGUGGGUUAGUGUGAA

361

UUCACACUAACCCACUAGG

NM_0054
76.4_nolst
exon_4993
-5011

4993

335

ACUCAUGGGAAGGCUAAUA

362

UAUUAGCCUUCCCAUGAGU

NM_0054
76.4_nolst
exon_4995
-5013

4995

336

UCAUGGGAAGGCUAAUAUA

363

UAUAUUAGCCUUCCCAUGA

[00361] Table 8: RNA effector molecules targeting MGAT1 (human; NM_001114619.1; SEQ ID

NO: 364)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence

Name Pos. D 5'to 3' D 5'to 3'

NO. NO.

NM_0011 98 365 GCUGCCUCCUAAUCCCAUA 386 | UAUGGGAUUAGGAGGCAGC
14619.1_9
8-116
NM_0011 100 366 UGCCUCCUAAUCCCAUAGU 387 | ACUAUGGGAUUAGGAGGCA
14619.1_1
00-118
NM_0011 242 367 UUGUGCUGUGGGGCGCUAU 388 | AUAGCGCCCCACAGCACAA
14619.1_2

42-260
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NM_0011
14619.1_1
140-1158

1140

368

CUCAAGAACGAUGACCUUU

389

AAAGGUCAUCGUUCUUGAG

NM_0011
14619.1_1
148-1166

1148

369

CGAUGACCUUUGGCCGCAA

390

UUGCGGCCAAAGGUCAUCG

NM_0011
14619.1_1
583-1601

1583

370

UUGCCACAUCAUGAGCUGA

391

UCAGCUCAUGAUGUGGCAA

NM_0011
14619.1_1
713-1731

1713

371

GAUUAUUCUCCCGUUCUCA

392

UGAGAACGGGAGAAUAAUC

NM_0011
14619.1_1
746-1764

1746

372

GGGGAACUAUUCUAGGGUA

393

UACCCUAGAAUAGUUCCCC

NM_0011
14619.1_1
762-1780

1762

373

GUAUGUUGCGGGGUAUUAA

394

UUAAUACCCCGCAACAUAC

NM_0011
14619.1_1
768-1786

1768

374

UGCGGGGUAUUAAGCAGGA

395

UCCUGCUUAAUACCCCGCA

NM_0011
14619.1_1
769-1787

1769

375

GCGGGGUAUUAAGCAGGAA

396

UUCCUGCUUAAUACCCCGC

NM_0011
14619.1_1
864-1882

1864

376

GCAGAGAGUUUGGCAACGU

397

ACGUUGCCAAACUCUCUGC

NM_0011
14619.1_1
865-1883

1865

377

CAGAGAGUUUGGCAACGUU

398

AACGUUGCCAAACUCUCUG

NM_0011
14619.1_1
869-1887

1869

378

GAGUUUGGCAACGUUCGCU

399

AGCGAACGUUGCCAAACUC

NM_0011
14619.1_1
873-1891

1873

379

UUGGCAACGUUCGCUCUCU

400

AGAGAGCGAACGUUGCCAA

NM_0011
14619.1_1
874-1892

1874

380

UGGCAACGUUCGCUCUCUU

401

AAGAGAGCGAACGUUGCCA

NM_0011
14619.1_1
967-1985

1967

381

CCCAGUGGGGACUGAGUUA

402

UAACUCAGUCCCCACUGGG

NM_0011
14619.1_1
968-1986

1968

382

CCAGUGGGGACUGAGUUAU

403

AUAACUCAGUCCCCACUGG

NM_0011
14619.1_2
005-2023

2005

383

UGUGGCCAAAAUGAUACUA

404

UAGUAUCAUUUUGGCCACA

NM_0011
14619.1 2

2265

384

UACCUCAGAGAGGGACUAU

405

AUAGUCCCUCUCUGAGGUA
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NM_0011 2356 385 GACAGAAUUCGAUCUGCCU 406 | AGGCAGAUCGAAUUCUGUC
14619.1_2
356-2374

[00362] Table 9: RNA effector molecules targeting MGAT4A (human; NM_012214.2; SEQ ID NO:

407)

Oligo
Name

Start
Pos.

SEQ
D
NO.

Sense Sequence
5'to 3'

SEQ
D
NO.

Antisense Sequence
5't03'

NM_0122
14.2_372-
390

372

408

ACUUUGUCUUGGUAUACUA

436

UAGUAUACCAAGACAAAGU

NM_0122
14.2_548-
566

548

409

AAGUAAGGAUGCGUUGAAU

437

AUUCAACGCAUCCUUACUU

NM_0122
14.2_549-
567

549

410

AGUAAGGAUGCGUUGAAUA

438

UAUUCAACGCAUCCUUACU

NM_0122
14.2_690-
708

690

411

GUACAGAUUGGCAACGGAA

439

UUCCGUUGCCAAUCUGUAC

NM_0122
14.2_788-
806

788

412

CCUUAUUGAUAACCUGUAU

440

AUACAGGUUAUCAAUAAGG

NM_0122
14.2_1967-
1985

1967

413

AAAGAUAGUUAAGCAUGUA

441

UACAUGCUUAACUAUCUUU

NM_0122
14.2_2060-
2078

2060

414

GGAAAGUGAAUCUCCCAUA

442

UAUGGGAGAUUCACUUUCC

NM_0122
14.2_2064-
2082

2064

415

AGUGAAUCUCCCAUAAUAA

443

UUAUUAUGGGAGAUUCACU

NM_0122
14.2_3992-
4010

3992

416

CCAGCUUGGUAUACUAAAU

444

AUUUAGUAUACCAAGCUGG

NM_0122
14.2_4404-
4422

4404

417

CUGGAUGUGAGACCAAUUA

445

UAAUUGGUCUCACAUCCAG

NM_0122
14.2_4663-
4681

4663

418

CUUGCAUACACAAUCGGUU

446

AACCGAUUGUGUAUGCAAG

NM_0122
14.2_4887-
4905

4887

419

AUUGUAGUGGUCGCCCUUA

447

UAAGGGCGACCACUACAAU

NM_0122

5027

420

CAAAGGUUGGGACUAGUUU

448

AAACUAGUCCCAACCUUUG
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14.2_5027-
5045

NM_0122
14.2_5410-
5428

5410

421

UUAUCUUAGUCUCAUGCAU

449

AUGCAUGAGACUAAGAUAA

NM_0122
14.2_5565-
5583

5565

422

GAGAUGGUUGAAUACCCUU

450

AAGGGUAUUCAACCAUCUC

NM_0122
14.2_5611-
5629

5611

423

GUGGUUGCACUAGUCAAUA

451

UAUUGACUAGUGCAACCAC

NM_0122
14.2_5914-
5932

5914

424

UAUCAUGUUAUGUAGCAAA

452

UUUGCUACAUAACAUGAUA

NM_0122
14.2_6439-
6457

6439

425

CCUGUAGUAUGCUGGAUAU

453

AUAUCCAGCAUACUACAGG

NM_0122
14.2_6578-
6596

6578

426

CAUCUUACUGAGUAGCGUU

454

AACGCUACUCAGUAAGAUG

NM_0122
14.2_6583-
6601

6583

427

UACUGAGUAGCGUUUGGUA

455

UACCAAACGCUACUCAGUA

NM_0122
14.2_6584-
6602

6584

428

ACUGAGUAGCGUUUGGUAA

456

UUACCAAACGCUACUCAGU

NM_0122
14.2_6799-
6817

6799

429

AUCUGUGUAUCGAGGGAUU

457

AAUCCCUCGAUACACAGAU

NM_0122
14.2_7235-
7253

7235

430

UAUGCUACGAUAACUAGUA

458

UACUAGUUAUCGUAGCAUA

NM_0122
14.2_7241-
7259

7241

431

ACGAUAACUAGUAUGCUUA

459

UAAGCAUACUAGUUAUCGU

NM_0122
14.2_7404-
7422

7404

432

GGCACUAACUAGAUCAUUU

460

AAAUGAUCUAGUUAGUGCC

NM_0122
14.2_7526-
7544

7526

433

AGCACUUUGCGCGAAGUAA

461

UUACUUCGCGCAAAGUGCU

NM_0122
14.2_7993-
8011

7993

434

GUCCCAUUCAGAACACUUU

462

AAAGUGUUCUGAAUGGGAC

NM_0122
14.2_8159-
8177

8159

435

AUUCCUAUCCGUAGUAAUA

463

UAUUACUACGGAUAGGAAU
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[00363] Table 10: RNA effector molecules targeting MGAT4B (human; NM_014275.4; SEQ ID

NO: 464)

Oligo
Name

Start
Pos.

SEQ
7))
NO.

Sense Sequence
5'to 3'

SEQ
7))
NO.

Antisense Sequence
5't03'

NM_0142
75.4_583-
601

583

465

AAGAGGGCCGUGUCAGAAA

490

UUUCUGACACGGCCCUCUU

NM_0142
75.4 837-
855

837

466

CUCGUACCUGACUGACACU

491

AGUGUCAGUCAGGUACGAG

NM_0142
75.4_839-
857

839

467

CGUACCUGACUGACACUCU

492

AGAGUGUCAGUCAGGUACG

NM_0142
75.4_923-
941

923

468

CCGAGACUGACUCACAGUA

493

UACUGUGAGUCAGUCUCGG

NM_0142
75.4_976-
994

976

469

UUCCCCACGGAGAUCCAUU

494

AAUGGAUCUCCGUGGGGAA

NM_0142
75.4_1097-
1115

1097

470

CCAAACAGAACCUCGAUUA

495

UAAUCGAGGUUCUGUUUGG

NM_0142
75.4_1099-
1117

1099

471

AAACAGAACCUCGAUUACU

496

AGUAAUCGAGGUUCUGUUU

NM_0142
75.4_1102-
1120

1102

472

CAGAACCUCGAUUACUGCU

497

AGCAGUAAUCGAGGUUCUG

NM_0142
75.4_1103-
1121

1103

473

AGAACCUCGAUUACUGCUU

498

AAGCAGUAAUCGAGGUUCU

NM_0142
75.4_1121-
1139

1121

474

UCCUCAUGAUGUACGCGCA

499

UGCGCGUACAUCAUGAGGA

NM_0142
75.4_1307-
1325

1307

475

GCCUGAUUGUAGAGUUCAU

500

AUGAACUCUACAAUCAGGC

NM_0142
75.4_1384-
1402

1384

476

AAAGUCUGCAACCCCGAGA

501

UCUCGGGGUUGCAGACUUU

NM_0142
75.4_1399-
1417

1399

477

GAGAAGGAUGCGAAGCACU

502

AGUGCUUCGCAUCCUUCUC

NM_0142
75.4_1789-

1789

478

GACAACCCUCAGUCAGACA

503

UGUCUGACUGAGGGUUGUC
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1807

NM_0142
75.4_1975-
1993

1975

479

UGGGUGAUUCUGAGCGAGA

504

UCUCGCUCAGAAUCACCCA

NM_0142
75.4_2280-
2298

2280

480

AGGCCGUUUUAGAAGAGCU

505

AGCUCUUCUAAAACGGCCU

NM_0142
75.4_2282-
2300

2282

481

GCCGUUUUAGAAGAGCUUU

506

AAAGCUCUUCUAAAACGGC

NM_0142
75.4 _2392-
2410

2392

482

UUCACGUAAGUCCACAUAU

507

AUAUGUGGACUUACGUGAA

NM_0142
75.4_2393-
2411

2393

483

UCACGUAAGUCCACAUAUA

508

UAUAUGUGGACUUACGUGA

NM_0142
75.4_2396-
2414

2396

484

CGUAAGUCCACAUAUACUU

509

AAGUAUAUGUGGACUUACG

NM_0142
75.4_2408-
2426

2408

485

UAUACUUCUAUAAGAGCGU

510

ACGCUCUUAUAGAAGUAUA

NM_0142
75.4_2416-
2434

2416

486

UAUAAGAGCGUGACUUGUA

511

UACAAGUCACGCUCUUAUA

NM_0142
75.4_2418-
2436

2418

487

UAAGAGCGUGACUUGUAAU

512

AUUACAAGUCACGCUCUUA

NM_0142
75.4_2420-
2438

2420

488

AGAGCGUGACUUGUAAUAA

513

UUAUUACAAGUCACGCUCU

NM_0142
75.4_2442-
1460

2442

489

GUUAAUGAAGUGUGUGCCU

514

AGGCACACACUUCAUUAAC

[00364] Table 11: RNA effector molecules targeting GNE (mouse; NM_015828.3; SEQ ID NO: 515)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence
Name Pos. D 5'to 3' D 5'to 3'
NO. NO.

NM_0158 | 79 516 | GAUGGAAACACACGCGCAU 542 | AUGCGCGUGUGUUUCCAUC
28.3_79-97
NM_0158 | 252 517 | CGAUCAUGUUCGGCAUCAA 543 | UUGAUGCCGAACAUGAUCG
28.3_252-
270
NM_0158 315 518 CCCACCUGAUUGACGACUA 544 | UAGUCGUCAAUCAGGUGGG
28.3_315-
333
NM_0158 316 519 | CCACCUGAUUGACGACUAU 545 | AUAGUCGUCAAUCAGGUGG
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28.3_316-
334

NM_0158
28.3_336-
354

336

520

GAAACACAUACCGCAUGAU

546

AUCAUGCGGUAUGUGUUUC

NM_0158
28.3_462-
480

462

521

ACGUCCUCAAUCGCCUGAA

547

UUCAGGCGAUUGAGGACGU

NM_0158
28.3_762-
780

762

522

AUAUGAGCAUCAUUCGGAU

548

AUCCGAAUGAUGCUCAUAU

NM_0158
28.3_782-
800

782

523

UGGCUAGGCGAUGAUGUAA

549

UUACAUCAUCGCCUAGCCA

NM_0158
28.3_846-
864

846

524

ACAUUAAGCAUUCCAUAAA

550

UUUAUGGAAUGCUUAAUGU

NM_0158
28.3_882-
900

882

525

UGGAUGCCCUGAUCUCGUU

551

AACGAGAUCAGGGCAUCCA

NM_0158
28.3_888-
906

888

526

CCCUGAUCUCGUUUAACAA

552

UUGUUAAACGAGAUCAGGG

NM_0158
28.3_1006-
1024

1006

527

AGUCAAGCACGUCCCGUUU

553

AAACGGGACGUGCUUGACU

NM_0158
28.3_1104-
1122

1104

528

UCGGAACACCCGUGAUCAA

554

UUGAUCACGGGUGUUCCGA

NM_0158
28.3_1212-
1230

1212

529

UACACCUCCAGUUCGGCAA

555

UUGCCGAACUGGAGGUGUA

NM_0158
28.3_1475-
1493

1475

530

ACUCAGUUCAACCCUAAAA

556

UUUUAGGGUUGAACUGAGU

NM_0158
28.3_2133-
2151

2133

531

UGAACAUCCUCCACACUAU

557

AUAGUGUGGAGGAUGUUCA

NM_0158
28.3_3250-
3268

3250

532

GGGAAGGCUUAGUUUACUA

558

UAGUAAACUAAGCCUUCCC

NM_0158
28.3_3256-
3274

3256

533

GCUUAGUUUACUAGUCCUU

559

AAGGACUAGUAAACUAAGC

NM_0158
28.3_3532-
3550

3532

534

UCCAAGUUAUGACGGCCUU

560

AAGGCCGUCAUAACUUGGA

NM_0158
28.3_3533-
3551

3533

535

CCAAGUUAUGACGGCCUUA

561

UAAGGCCGUCAUAACUUGG
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NM_0158
28.3_3762-
3780

3762

536

UGUCUCUGUAAUCUCGCUU

562

AAGCGAGAUUACAGAGACA

NM_0158
28.3_4192-
4210

4192

537

AGGAGCACGUACCGACAUA

563

UAUGUCGGUACGUGCUCCU

NM_0158
28.3_4698-
4716

4698

538

UUACUAUAGUUCCACGUAU

564

AUACGUGGAACUAUAGUAA

NM_0158
28.3_4853-
4871

4853

539

GAUCUUCCGACCCCACAAA

565

UUUGUGGGGUCGGAAGAUC

NM_0158
28.3_4892-
4910

4892

540

GAGAACUGCUGCCGUCAAU

566

AUUGACGGCAGCAGUUCUC

NM_0158
28.3_5358-
5376

5358

541

CUAUUAUAAAGGACCAUUA

567

UAAUGGUCCUUUAUAAUAG

[00365] Table 12: RNA effector molecules targeting MGAT1 (mouse; NM_010794.3; SEQ ID NO:

568)

Oligo
Name

Start
Pos.

SEQ
7))
NO.

Sense Sequence
5'to 3'

SEQ
7))
NO.

Antisense Sequence
5't03'

NM_0107
94.3 918-
936

918

569

AUCAAGGAGCAUUAUGCUU

596

AAGCAUAAUGCUCCUUGAU

NM_0107
94.3 919-
937

919

570

UCAAGGAGCAUUAUGCUUU

597

AAAGCAUAAUGCUCCUUGA

NM_0107
94.3_1057-
1075

1057

571

GGCGCUGCUUGGAUAAGUU

598

AACUUAUCCAAGCAGCGCC

NM_0107
94.3_1198-
1216

1198

572

ACCUGAGUAACAUUGCCGU

599

ACGGCAAUGUUACUCAGGU

NM_0107
94.3_1440-
1458

1440

573

GAGCAGAUGGUAGACUCAA

600

UUGAGUCUACCAUCUGCUC

NM_0107
94.3_1466-
1484

1466

574

UGAGCUGCUCUAUCGAACA

601

UGUUCGAUAGAGCAGCUCA

NM_0107
94.3_1472-
1490

1472

575

GCUCUAUCGAACAGACUUU

602

AAAGUCUGUUCGAUAGAGC
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NM_0107
94.3_1598-
1616

1598

576

AGGACGGGCUUGUAUUCGU

603

ACGAAUACAAGCCCGUCCU

NM_0107
94.3_1603-
1621

1603

577

GGGCUUGUAUUCGUCCAGA

604

UCUGGACGAAUACAAGCCC

NM_0107
94.3_1604-
1622

1604

578

GGCUUGUAUUCGUCCAGAA

605

UUCUGGACGAAUACAAGCC

NM_0107
94.3_1632-
1650

1632

579

ACUAUGACCUUUGGUCGCA

606

UGCGACCAAAGGUCAUAGU

NM_0107
94.3_1818-
1836

1818

580

GUAAGGACCAAUGAUCAGA

607

UCUGAUCAUUGGUCCUUAC

NM_0107
94.3_1851-
1869

1851

581

GUGCGGGUACAGUACACUA

608

UAGUGUACUGUACCCGCAC

NM_0107
94.3_2199-
2217

2199

582

UUCUAGUGCACAAAUCAUA

609

UAUGAUUUGUGCACUAGAA

NM_0107
94.3_2211-
2229

2211

583

AAUCAUAGGAUGAGAGUUA

610

UAACUCUCAUCCUAUGAUU

NM_0107
94.3_2221-
2239

2221

584

UGAGAGUUAUACUCCUGUU

611

AACAGGAGUAUAACUCUCA

NM_0107
94.3_2234-
2252

2234

585

CCUGUUGUCAAGGGAGUAU

612

AUACUCCCUUGACAACAGG

NM_0107
94.3_2235-
2253

2235

586

CUGUUGUCAAGGGAGUAUU

613

AAUACUCCCUUGACAACAG

NM_0107
94.3_2256-
2274

2256

587

GUGGUAUGUUCGGGGCAUA

614

UAUGCCCCGAACAUACCAC

NM_0107
94.3_2417-
2435

2417

588

GCCCAUGAGCCCUCUUUAU

615

AUAAAGAGGGCUCAUGGGC

NM_0107
94.3_2533-
2551

2533

589

CUGUCAGAGUUAGCGUGGA

616

UCCACGCUAACUCUGACAG

NM_0107
94.3_2534-
2552

2534

590

UGUCAGAGUUAGCGUGGAU

617

AUCCACGCUAACUCUGACA

NM_0107
94.3_2535-
2553

2535

591

GUCAGAGUUAGCGUGGAUU

618

AAUCCACGCUAACUCUGAC

NM_0107
94.3_2538-

2538

592

AGAGUUAGCGUGGAUUGCU

619

AGCAAUCCACGCUAACUCU
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2556

NM_0107
94.3_2613-
2631

2613

593

AGCAGAGCAGUGCGUUGUU

620

AACAACGCACUGCUCUGCU

NM_0107
94.3_2635-
2653

2635

594

AGAUGGAAAGUCUAUGCGU

621

ACGCAUAGACUUUCCAUCU

NM_0107
94.3_2639-
2657

2639

595

GGAAAGUCUAUGCGUGGGU

622

ACCCACGCAUAGACUUUCC

[00366] Table 13: RNA effector molecules targeting MGAT4A (mouse; NM_173870.2; SEQ ID NO:

623)

Oligo
Name

Start
Pos.

SEQ
D
NO.

Sense Sequence
5'to 3'

SEQ
D
NO.

Antisense Sequence
5't03'

NM_1738
70.2_525-
543

525

624

CGGGAGUUUCAAUAGUUAU

645

AUAACUAUUGAAACUCCCG

NM_1738
70.2_901-
919

901

625

GCUUGAAGACGAUAUUAUU

646

AAUAAUAUCGUCUUCAAGC

NM_1738
70.2_1163-
1181

1163

626

CAGAAGGCAAACCUACGAA

647

UUCGUAGGUUUGCCUUCUG

NM_1738
70.2_1657-
1675

1657

627

CUUUCGACUUUCCGUUAUU

648

AAUAACGGAAAGUCGAAAG

NM_1738
70.2_2337-
2355

2337

628

CAUUAUAGAUCAACGCCAU

649

AUGGCGUUGAUCUAUAAUG

NM_1738
70.2_2503-
2521

2503

629

CGAGGGUUAUAUUACUGUA

650

UACAGUAAUAUAACCCUCG

NM_1738
70.2_2909-
2927

2909

630

GUCCCAAGUAGCGCUAGUU

651

AACUAGCGCUACUUGGGAC

NM_1738
70.2_3272-
3290

3272

631

CACAAAUAAAUCCCACUAU

652

AUAGUGGGAUUUAUUUGUG

NM_1738
70.2_4003-
4021

4003

632

GUGUCAAAUGCAGUACUAA

653

UUAGUACUGCAUUUGACAC

NM_1738
70.2_4005-
4023

4005

633

GUCAAAUGCAGUACUAAUU

654

AAUUAGUACUGCAUUUGAC

NM_1738

4346

634

GGUGGGACAGUCAAGAUUA

655

UAAUCUUGACUGUCCCACC
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70.2_4346-
4364

NM_1738
70.2_4357-
4375

4357

635

CAAGAUUACCCGGCUACAU

656

AUGUAGCCGGGUAAUCUUG

NM_1738
70.2_4418-
4436

4418

636

CUCAAGAGGUACGUUUGAA

657

UUCAAACGUACCUCUUGAG

NM_1738
70.2_4531-
4549

4531

637

CAUUGGUUCUUGAAAUCAU

658

AUGAUUUCAAGAACCAAUG

NM_1738
70.2_4702-
4720

4702

638

GGCAAAGGUUGUUCUAGUU

659

AACUAGAACAACCUUUGCC

NM_1738
70.2_5230-
5248

5230

639

CCUGCGGUAGACUAGUUUU

660

AAAACUAGUCUACCGCAGG

NM_1738
70.2_5498-
5516

5498

640

CUAGAUGCUCCUAAAUUAU

661

AUAAUUUAGGAGCAUCUAG

NM_1738
70.2_5915-
5933

5915

641

CAAGCUAUUAACUGCUAAU

6062

AUUAGCAGUUAAUAGCUUG

NM_1738
70.2_6077-
6095

6077

642

GGGCAUUCCGAGCUAUGUA

663

UACAUAGCUCGGAAUGCCC

NM_1738
70.2_6156-
6174

6156

643

CAUAUAUGCUACGCUAAUU

664

AAUUAGCGUAGCAUAUAUG

NM_1738
70.2_6591-
6609

6591

644

GCUGGUAAGCGUACCUGAA

605

UUCAGGUACGCUUACCAGC

[00367] Table 14: RNA effector molecules targeting MGAT4B (mouse; NM_145926.2; SEQ ID NO:

666)
Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence
Name Pos. D 5'to 3' D 5'to 3'
NO. NO.
NM_ 1459 123 667 | UUUACCAGCGCGAGUUCCU 696 | AGGAACUCGCGCUGGUAAA
26.2_123-
141
NM_1459 | 260 668 GGAGAAGGCAAUCGCACUU 697 | AAGUGCGAUUGCCUUcCuUcCC
26.2_260-
278
NM_1459 | 435 669 | UAUCCGUGGUGAUGGGCAU 698 | AUGCCCAUCACCACGGAUA

26.2_435-
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453

NM_1459
26.2_436-
454

436

670

AUCCGUGGUGAUGGGCAUU

699

AAUGCCCAUCACCACGGAU

NM_1459
26.2_470-
488

470

671

GAGGUGCACUCGUACUUGA

700

UCAAGUACGAGUGCACCUC

NM_1459
26.2_479-
497

479

672

UCGUACUUGACUGACACAU

701

AUGUGUCAGUCAAGUACGA

NM_1459
26.2_580-
598

580

673

GUACACUUCGGCAGUGACA

702

UGUCACUGCCGAAGUGUAC

NM_1459
26.2_737-
755

737

674

ACCAAACAGAACCUCGAUU

703

AAUCGAGGUUCUGUUUGGU

NM_1459
26.2_744-
762

744

675

AGAACCUCGAUUACUGCUU

704

AAGCAGUAAUCGAGGUUCU

NM_1459
26.2_780-
798

780

676

AGUCCAAAGGCAUCUACUA

705

UAGUAGAUGCCUUUGGACU

NM_1459
26.2_890-
908

890

677

AUCCUGGAGUUCUCGCAGU

706

ACUGCGAGAACUCCAGGAU

NM_1459
26.2_897-
915

897

678

AGUUCUCGCAGUUGGGCUU

707

AAGCCCAACUGCGAGAACU

NM_1459
26.2_1040-
1058

1040

679

GAGAAGGAUGCGAAACAUU

708

AAUGUUUCGCAUCCUUCUC

NM_1459
26.2_1042-
1060

1042

680

GAAGGAUGCGAAACAUUGU

709

ACAAUGUUUCGCAUCCUUC

NM_1459
26.2_1052-
1070

1052

681

AAACAUUGUGAUCGGCAGA

710

UCUGCCGAUCACAAUGUUU

NM_1459
26.2_1053-
1071

1053

682

AACAUUGUGAUCGGCAGAA

711

UUCUGCCGAUCACAAUGUU

NM_1459
26.2_1128-
1146

1128

683

CAUCACUGGCGGGCAAAAU

712

AUUUUGCCCGCCAGUGAUG

NM_1459
26.2_1221-
1239

1221

684

GCACAAGCCUCAAGACGUA

713

UACGUCUUGAGGCUUGUGC

NM_1459
26.2_1224-
1242

1224

685

CAAGCCUCAAGACGUACCA

714

UGGUACGUCUUGAGGCUUG

NM_1459

1265

686

UACUUGCGGGAGGAUUUCU

715

AGAAAUCCUCCCGCAAGUA
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26.2_1265-
1283

NM_1459
26.2_1305-
1323

1305

687

CAGGAGACUUUAUCCGGUU

716

AACCGGAUAAAGUCUCCUG

NM_1459
26.2_1376-
1394

1376

688

AUCGAGCACCCGGAAGAUA

717

UAUCUUCCGGGUGCUCGAU

NM_1459
26.2_1377-
1395

1377

689

UCGAGCACCCGGAAGAUAA

718

UUAUCUUCCGGGUGCUCGA

NM_1459
26.2_1383-
1401

1383

690

ACCCGGAAGAUAAGCUCUU

719

AAGAGCUUAUCUUCCGGGU

NM_1459
26.2_1525-
1543

1525

691

CUUCUACAAGGGUGUAGCU

720

AGCUACACCCUUGUAGAAG

NM_1459
26.2_1574-
1592

1574

692

CUGGAAGCACUACGUCUCU

721

AGAGACGUAGUGCUUCCAG

NM_1459
26.2_1579-
1597

1579

693

AGCACUACGUCUCUCCAUU

722

AAUGGAGAGACGUAGUGCU

NM_1459
26.2_1610-
1628

1610

694

CCGGUGUGGGUCAUUUUGA

723

UCAAAAUGACCCACACCGG

NM_1459
26.2_1617-
1635

1617

695

GGGUCAUUUUGAGUGAGAU

724

AUCUCACUCAAAAUGACCC

[00368] Table 15: RNA effector molecules targeting GNE (rat; NM_053765.2; SEQ ID NO: 725)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence
Name Pos. D 5'to 3' D 5'to 3'
NO. NO.

NM_0537 | 347 726 | AGAACGGGAAUAACCGGAA 752 | UUCCGGUUAUUCCCGUUCU
65.2_347-
365
NM_0537 363 727 GAAGCUUCGGGUUUGCGUU 753 | AACGCAAACCCGAAGCUUC
65.2_363-
381
NM_0537 | 374 728 UUUGCGUUGCCACCUGCAA 754 | UUGCAGGUGGCAACGCAAA
65.2_374-
392
NM_0537 | 482 729 | CUCACCUGAUCGACGACUA 755 | UAGUCGUCGAUCAGGUGAG
65.2_482-

500
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NM_0537
65.2_545-
563

545

730

ACACCAGGCUACACACGAU

756

AUCGUGUGUAGCCUGGUGU

NM_0537
65.2_549-
567

549

731

CAGGCUACACACGAUUGUU

757

AACAAUCGUGUGUAGCCUG

NM_0537
65.2_558-
576

558

732

CACGAUUGUUAGAGGGGAA

758

UUCCCCUCUAACAAUCGUG

NM_0537
65.2_942-
960

942

733

UCGGAUGUGGCUAGGUGAU

759

AUCACCUAGCCACAUCCGA

NM_0537
65.2_1006-
1024

1006

734

ACCACCGACAUUAAGCAUU

760

AAUGCUUAAUGUCGGUGGU

NM_0537
65.2_1011-
1029

1011

735

CGACAUUAAGCAUUCCAUA

761

UAUGGAAUGCUUAAUGUCG

NM_0537
65.2_1160-
1178

1160

736

CCAAUUUCCGCGCAGUCAA

762

UUGACUGCGCGGAAAUUGG

NM_0537-
65.2_1173-
1191

1173

737

AGUCAAGCACGUCCCGUUU

763

AAACGGGACGUGCUUGACU

NM_0537
65.2_1379-
1397

1379

738

UACACCUCCAGUUCGGUAA

764

UUACCGAACUGGAGGUGUA

NM_0537
65.2_1390-
1408

1390

739

UUCGGUAAACAGUACCCUU

765

AAGGGUACUGUUUACCGAA

NM_0537
65.2_1440-
1458

1440

740

UCCAAGGAUUUUAAAGUUU

766

AAACUUUAAAAUCCUUGGA

NM_0537
65.2_1589-
1607

1589

741

CGAAUCUGAGAGUGGCGAU

767

AUCGCCACUCUCAGAUUCG

NM_0537
65.2_1590-
1608

1590

742

GAAUCUGAGAGUGGCGAUA

768

UAUCGCCACUCUCAGAUUC

NM_0537
65.2_1594-
1612

1594

743

CUGAGAGUGGCGAUAGUUA

769

UAACUAUCGCCACUCUCAG

NM_0537
65.2_1601-
1619

1601

744

UGGCGAUAGUUAGCAUGAA

770

UUCAUGCUAACUAUCGCCA

NM_0537
65.2_1610-
1628

1610

745

UUAGCAUGAAGGGUGAAAU

771

AUUUCACCCUUCAUGCUAA

NM_0537
65.2_1667-

1667

746

AGGAAAGGAUUAGUCUAAU

772

AUUAGACUAAUCCUUUCCU
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1685

NM_0537
65.2_1943-
1961

1943

747

AGAACUUUGUGACGCUCAU

773

AUGAGCGUCACAAAGUUCU

NM_0537
65.2_2551-
2569

2551

748

AGUGGAACCACGCUCUCUU

774

AAGAGAGCGUGGUUCCACU

NM_0537
65.2_2765-
2783

2765

749

CUCUCCAGAAUACACGUAA

775

UUACGUGUAUUCUGGAGAG

NM_0537
65.2_2766-
2784

2766

750

UCUCCAGAAUACACGUAAA

776

UUUACGUGUAUUCUGGAGA

NM_0537
65.2_2768-
2786

2768

751

UCCAGAAUACACGUAAAUU

777

AAUUUACGUGUAUUCUGGA

[00369] Table 16: RNA effector molecules targeting MGAT1 (rat; NM_030861.1; SEQ ID NO: 778)

Oligo
Name

Start
Pos.

SEQ
7))
NO.

Sense Sequence
5'to 3'

SEQ
7))
NO.

Antisense Sequence
5't03'

NM_0308
61.1_700-
718

700

779

CCAGGGUUACUACAAGAUU

803

AAUCUUGUAGUAACCCUGG

NM_0308
61.1_933-
951

933

780

UGCUCUAUCGAACAGACUU

804

AAGUCUGUUCGAUAGAGCA

NM_0308
61.1_934-
952

934

781

GCUCUAUCGAACAGACUUU

805

AAAGUCUGUUCGAUAGAGC

NM_0308
61.1_1066-
1084

1066

782

GGCUUGUAUUCGUCCAGAA

806

UUCUGGACGAAUACAAGCC

NM_0308
61.1_1281-
1299

1281

783

UGAGGACCAAUGAUCGGAA

807

UUCCGAUCAUUGGUCCUCA

NM_0308
61.1_1313-
1331

1313

784

GUGCGGGUACAGUACACUA

808

UAGUGUACUGUACCCGCAC

NM_0308
61.1_1335-
1353

1335

785

GAGACAGCUUUAAGGCCUU

809

AAGGCCUUAAAGCUGUCUC

NM_0308
61.1_1472-
1490

1472

786

UGGAAUGGCUAUGAUCCUA

810

UAGGAUCAUAGCCAUUCCA

NM_0308

1594

787

UCUUGGAUCUAUAGAUCUU

811

AAGAUCUAUAGAUCCAAGA
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61.1_1594-
1612

NM_0308
61.1_1639-
1657

1639

788

GUGGCAUUCUAGUGCACAA

812

UUGUGCACUAGAAUGCCAC

NM_0308
61.1_1640-
1658

1640

789

UGGCAUUCUAGUGCACAAA

813

UUUGUGCACUAGAAUGCCA

NM_0308
61.1_1641-
1659

1641

790

GGCAUUCUAGUGCACAAAU

814

AUUUGUGCACUAGAAUGCC

NM_0308
61.1_1646-
1664

1646

791

UCUAGUGCACAAAUCAUAA

815

UUAUGAUUUGUGCACUAGA

NM_0308
61.1_1649-
1667

1649

792

AGUGCACAAAUCAUAAGAU

816

AUCUUAUGAUUUGUGCACU

NM_0308
61.1_1701-
1719

1701

793

UGUGGUAUGUUCGGGGCAU

817

AUGCCCCGAACAUACCACA

NM_0308
61.1_1702-
1720

1702

794

GUGGUAUGUUCGGGGCAUA

818

UAUGCCCCGAACAUACCAC

NM_0308
61.1_1869-
1887

1869

795

UUAGUACAUGAGCCCACUU

819

AAGUGGGCUCAUGUACUAA

NM_0308
61.1_1954-
1972

1954

796

UUGUGGCCAACUGAGACUA

820

UAGUCUCAGUUGGCCACAA

NM_0308
61.1_1979-
1997

1979

797

GGGAUUCACUGUCAGAGUU

821

AACUCUGACAGUGAAUCCC

NM_0308
61.1_1997-
2015

1997

798

UAGAUUGCAUGGCCGGGUU

822

AACCCGGCCAUGCAAUCUA

NM_0308
61.1_2209-
2227

2209

799

CCACUUCUGAAAGUUAGUU

823

AACUAACUUUCAGAAGUGG

NM_0308
61.1_2219-
2237

2219

800

AAGUUAGUUCCCUUUGCAU

824

AUGCAAAGGGAACUAACUU

NM_0308
61.1_2389-
2407

2389

801

UUCCUAAGCAUUCCCACAU

825

AUGUGGGAAUGCUUAGGAA

NM_0308
61.1_2392-
2410

2392

802

CUAAGCAUUCCCACAUCUU

826

AAGAUGUGGGAAUGCUUAG
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[00370] Table 17: RNA effector molecules targeting MGAT4A (rat; NM_001012225.2; SEQ ID

NO:827)

Oligo
Name

Start
Pos.

SEQ
7))
NO.

Sense Sequence
5t 3’

SEQ
7))
NO.

Antisense Sequence
5't03'

NM_0010
12225.2_2
469-2487

2469

828

AUUCUAGAUCAACGCCAUU

850

AAUGGCGUUGAUCUAGAAU

NM_0010
12225.2_2
470-2488

2470

829

UUCUAGAUCAACGCCAUUU

851

AAAUGGCGUUGAUCUAGAA

NM_0010
12225.2_2
501-2519

2501

830

CUGCCAUUCCAGAUUGGUU

852

AACCAAUCUGGAAUGGCAG

NM_0010
12225.2_2
677-2695

2677

831

CACAGAAACCCGUGUGAUU

853

AAUCACACGGGUUUCUGUG

NM_0010
12225.2_2
901-2919

2901

832

GGAUGAGUCAUAUUGGGUA

854

UACCCAAUAUGACUCAUCC

NM_0010
12225.2_2
905-2923

2905

833

GAGUCAUAUUGGGUAUAAU

855

AUUAUACCCAAUAUGACUC

NM_0010
12225.2_3
727-3745

3727

834

UGGAUGAGUGGAUUAACUA

856

UAGUUAAUCCACUCAUCCA

NM_0010
12225.2_4
585-4603

4585

835

UAGCCUAGAUGUGUGUUAU

857

AUAACACACAUCUAGGCUA

NM_0010
12225.2 5
502-5520

5502

836

UAGCCAGACUUGCGUUAUU

858

AAUAACGCAAGUCUGGCUA

NM_0010
12225.2 5
503-5521

5503

837

AGCCAGACUUGCGUUAUUU

859

AAAUAACGCAAGUCUGGCU

NM_0010
12225.2 5
575-5593

5575

838

UCUCCUAGAUACUCCUAAA

860

UUUAGGAGUAUCUAGGAGA

NM_0010
12225.2 5
576-559%4

5576

839

CUCCUAGAUACUCCUAAAU

861

AUUUAGGAGUAUCUAGGAG

NM_0010
122252 6
145-6163

6145

840

GUAGCAACAUUUACGGCUU

862

AAGCCGUAAAUGUUGCUAC

NM_0010
122252 6
148-6166

6148

841

GCAACAUUUACGGCUUGUA

863

UACAAGCCGUAAAUGUUGC

NM_0010

6258

842

CAUAUGAUGCUACAAAGAU

864

AUCUUUGUAGCAUCAUAUG
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122252 6
258-6276

NM_0010
122252 6
588-6606

6588

843

ACAGCUAGGUACUUGUGAU

865

AUCACAAGUACCUAGCUGU

NM_0010
122252 6
589-6607

6589

844

CAGCUAGGUACUUGUGAUA

866

UAUCACAAGUACCUAGCUG

NM_0010
122252 6
677-6695

6677

845

CCUUUAGCUUGCGUAGCAU

867

AUGCUACGCAAGCUAAAGG

NM_0010
122252 6
689-6707

6689

846

GUAGCAUUCCACCCUUUAU

868

AUAAAGGGUGGAAUGCUAC

NM_0010
122252 6
969-6987

6969

847

UGAGGUACCUGUUGAAUUU

869

AAAUUCAACAGGUACCUCA

NM_0010
12225.2_7
019-7037

7019

848

UGCUAUAAUCGAAACCUAA

870

UUAGGUUUCGAUUAUAGCA

NM_0010
12225.2_7
020-7038

7020

849

GCUAUAAUCGAAACCUAAU

871

AUUAGGUUUCGAUUAUAGC

[00371] Table 18: RNA effector molecules targeting MGAT4B (rat; NM_ 001127533.1; SEQ ID

NO:872)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence

Name Pos. D 5'to 3' D 5'to 3'

NO. NO.

NM_0011 395 873 CACUGAGAGACCGUUUGCA 895 | UGCAAACGGUCUCUCAGUG
27533.1_3
95-413
NM_0011 734 874 ACUUGACUGACACAUUGCA 896 | UGCAAUGUGUCAGUCAAGU
27533.1_7
34-752
NM_0011 814 875 GCCGAGACUGAUACACAGU 897 | ACUGUGUAUCAGUCUCGGC
27533.1_8
14-832
NM_0011 870 876 | CCCCACAGAGAUCCAUUCU 898 | AGAAUGGAUCUCUGUGGGG
27533.1_8
70-888
NM_0011 988 877 ACCAAACAGAACCUCGAUU 899 | AAUCGAGGUUCUGUUUGGU
27533.1_9
88-1006
NM_0011 991 878 AAACAGAACCUCGAUUACU 900 | AGUAAUCGAGGUUCUGUUU
27533.1_9

91-1009
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NM_0011
27533.1_1
013-1031

1013

879

UCCUCAUGAUGUAUGCACA

901

UGUGCAUACAUCAUGAGGA

NM_0011
27533.1_1
210-1228

1210

880

GAAUUCAUCCUUAUGUUCU

902

AGAACAUAAGGAUGAAUUC

NM_0011
27533.1_1
287-1305

1287

881

CCCUGAGAAGGAUGCGAAA

903

UUUCGCAUCCUUCUCAGGG

NM_0011
27533.1_1
611-1629

1611

882

UUUCCGAAGCGGGAACAUU

904

AAUGUUCCCGCUUCGGAAA

NM_0011
27533.1_1
613-1631

1613

883

UCCGAAGCGGGAACAUUGA

905

UCAAUGUUCCCGCUUCGGA

NM_0011
27533.1_1
634-1652

1634

884

ACCCAGAAGAUAAGCUCUU

906

AAGAGCUUAUCUUCUGGGU

NM_0011
27533.1_1
776-1794

1776

885

CUUCUACAAGGGUGUAGCU

907

AGCUACACCCUUGUAGAAG

NM_0011
27533.1.2
173-2191

2173

886

GAACUGAACCGAACCGUUU

908

AAACGGUUCGGUUCAGUUC

NM_0011
27533.1.2
259-2277

2259

887

GCGGAACACUGGAAUGCAU

909

AUGCAUUCCAGUGUUCCGC

NM_0011
27533.1.2
265-2283

2265

888

CACUGGAAUGCAUACACUA

910

UAGUGUAUGCAUUCCAGUG

NM_0011
27533.1.2
324-2342

2324

889

UUUUCACGUAAGUUCGCAU

911

AUGCGAACUUACGUGAAAA

NM_0011
27533.1.2
329-2347

2329

890

ACGUAAGUUCGCAUAUACU

912

AGUAUAUGCGAACUUACGU

NM_0011
27533.1.2
336-2354

2336

891

UUCGCAUAUACUUCUAUAA

913

UUAUAGAAGUAUAUGCGAA

NM_0011
27533.1.2
351-2369

2351

8§92

AUAAGAGCGUGACUUGUAA

914

UUACAAGUCACGCUCUUAU

NM_0011
27533.1.2
365-2383

2365

893

UGUAAUAAAGGGUUAAUGA

915

UCAUUAACCCUUUAUUACA

NM_0011
27533.1.2
366-2384

2366

894

GUAAUAAAGGGUUAAUGAA

916

UUCAUUAACCCUUUAUUAC
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[00372] Table 19: RNA effector molecules targeting SLLC35A1 (rat; NM_001107924.1; SEQ ID

NO:917)

Oligo
Name

Start
Pos.

SEQ
7))
NO.

Sense Sequence
5'to 3'

SEQ
7))
NO.

Antisense Sequence
5't03'

NM_0011
07924.1_6
3-81

63

918

GCCGCUUAUACCAUAGCUU

943

AAGCUAUGGUAUAAGCGGC

NM_0011
07924.1_6
4-82

64

919

CCGCUUAUACCAUAGCUUU

944

AAAGCUAUGGUAUAAGCGG

NM_0011
07924.1_7
0-88

70

920

AUACCAUAGCUUUAAGAUA

945

UAUCUUAAAGCUAUGGUAU

NM_0011
07924.1_7
1-89

71

921

UACCAUAGCUUUAAGAUAU

946

AUAUCUUAAAGCUAUGGUA

NM_0011
07924.1_7
2-90

72

922

ACCAUAGCUUUAAGAUAUA

947

UAUAUCUUAAAGCUAUGGU

NM_0011
07924.1_1
02-120

102

923

GCGGAAGGACUCUACUUUU

948

AAAAGUAGAGUCCUUCCGC

NM_0011
07924.1_1
58-176

158

924

ACUGAUAAGUGUCGGCCUU

949

AAGGCCGACACUUAUCAGU

NM_0011
07924.1_1
66-184

166

925

GUGUCGGCCUUCUAGCUAA

950

UUAGCUAGAAGGCCGACAC

NM_0011
07924.1_1
91-209

191

926

AGGCAGUUUGGGUAGAUUU

951

AAAUCUACCCAAACUGCCU

NM_0011
07924.1_1
93-211

193

927

GCAGUUUGGGUAGAUUUAA

952

UUAAAUCUACCCAAACUGC

NM_0011
07924.1 4
46-464

446

928

UGGUGGGGUCACACUUGUA

953

UACAAGUGUGACCCCACCA

NM_0011
07924.1_6
69-687

669

929

UUGUCGGAUGGCGCUGAAA

954

UUUCAGCGCCAUCCGACAA

NM_0011
07924.1_6
72-690

672

930

UCGGAUGGCGCUGAAAUUA

955

UAAUUUCAGCGCCAUCCGA

NM_0011
07924.1_7
03-721

703

931

UUUUCUAUGGCUACACGUA

956

UACGUGUAGCCAUAGAAAA

NM_0011

706

932

UCUAUGGCUACACGUAUUA

957

UAAUACGUGUAGCCAUAGA
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07924.1_7
06-724

NM_0011
07924.1_7
15-733

715

933

ACACGUAUUAUGUCUGGUU

958

AACCAGACAUAAUACGUGU

NM_0011
07924.1_8
63-881

863

934

UGGAUUGCAGAUAACACUU

959

AAGUGUUAUCUGCAAUCCA

NM_0011
07924.1_1
027-1045

1027

935

GGACUAAACUGUUGAUAAU

960

AUUAUCAACAGUUUAGUCC

NM_0011
07924.1_1
433-1451

1433

936

UAUUCAAGCAACAACGUUU

961

AAACGUUGUUGCUUGAAUA

NM_0011
07924.1_1
469-1487

1469

937

UUCAAGUGCCAAAGCCGUU

962

AACGGCUUUGGCACUUGAA

NM_0011
07924.1_1
681-1699

1681

938

UCUAGGUGACGACUGAGAA

963

UUCUCAGUCGUCACCUAGA

NM_0011
07924.1_1
744-1762

1744

939

UUUGCUGUCAGCUGAUAUA

964

UAUAUCAGCUGACAGCAAA

NM_0011
07924.1_1
783-1801

1783

940

GCCGCUUUVAUACUUUCUU

965

AAGAAAGUAUAAAAGCGGC

NM_0011
07924.1_1
784-1802

1784

941

CCGCUUUUVAUACUUUCUUU

966

AAAGAAAGUAUAAAAGCGG

NM_0011
07924.1_1
807-1825

1807

942

UAAAGUAUGGUUACCUGUU

967

AACAGGUAACCAUACUUUA

[00373] Table 20: RNA effector molecules targeting SLLC35A1 (human; NM_006416.4; SEQ ID

NO:968)

Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence

Name Pos. D 5'to 3' D 5'to 3'

NO. NO.

NM_0064 153 969 CAGUCUAUACCAUAGCUUU 995 | AAAGCUAUGGUAUAGACUG
16.4_153-
171
NM_0064 189 970 CAGACAAAGAACUCUACUU 996 | AAGUAGAGUUCUUUGUCUG
16.4_189-
207
NM_0064 | 217 971 AGCCGUGUGUAUCACAGAA 997 | UUCUGUGAUACACACGGCU
16.4_217-

235
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NM_0064
16.4_283-
301

283

972

UAGUCUGGGUAGAUUCAAA

998

UUUGAAUCUACCCAGACUA

NM_0064
16.4_349-
367

349

973

GUUAAGUGUGCCAUCGUUA

999

UAACGAUGGCACACUUAAC

NM_0064
16.4_535-
553

535

974

UGCUGGAGUUACGCUUGUA

1000

UACAAGCGUAACUCCAGCA

NM_0064
16.4_544-
562

544

975

UACGCUUGUACAGUGGAAA

1001

UUUCCACUGUACAAGCGUA

NM_0064
16.4_608-
626

608

976

GGGUUUGGCGCUAUAGCUA

1002

UAGCUAUAGCGCCAAACCC

NM_0064
16.4_609-
627

609

977

GGUUUGGCGCUAUAGCUAU

1003

AUAGCUAUAGCGCCAAACC

NM_0064
16.4_718-
736

718

978

GUAUCUAUCAGGGAUUAUU

1004

AAUAAUCCCUGAUAGAUAC

NM_0064
16.4_794-
812

794

979

UUCUAUGGUUACACAUAUU

1005

AAUAUGUGUAACCAUAGAA

NM_0064
16.4_805-
823

805

980

CACAUAUUAUGUCUGGUUU

1006

AAACCAGACAUAAUAUGUG

NM_0064
16.4_1134-
1152

1134

981

UGCAUUAAACUAGAGCCUU

1007

AAGGCUCUAGUUUAAUGCA

NM_0064
16.4_1141-
1159

1141

982

AACUAGAGCCUUAAGUCAA

1008

UUGACUUAAGGCUCUAGUU

NM_0064
16.4_1164-
1182

1164

983

AGAAGGUAGCAUAAACAAA

1009

UUUGUUUAUGCUACCUUCU

NM_0064
16.4_1364-
1382

1364

984

GAGAUGAUACGGUGUUAAA

1010

UUUAACACCGUAUCAUCUC

NM_0064
16.4_1386-
1404

1386

985

AAUCAUGGUAAGGCUACAA

1011

UUGUAGCCUUACCAUGAUU

NM_0064
16.4_1424-
1442

1424

986

GGGACAAUGUCUAAGGGUU

1012

AACCCUUAGACAUUGUCCC

NM_0064
16.4_1425-
1443

1425

987

GGACAAUGUCUAAGGGUUA

1013

UAACCCUUAGACAUUGUCC

NM_0064
16.4_1588-

1588

988

AAGACAGGCUAGUUCAUAA

1014

UUAUGAACUAGCCUGUCUU
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1606

NM_0064
16.4_1589-
1607

1589

989

AGACAGGCUAGUUCAUAAA

1015

UUUAUGAACUAGCCUGUCU

NM_0064
16.4_1637-
1655

1637

990

AUUUCAUAACUCGGACAAU

1016

AUUGUCCGAGUUAUGAAAU

NM_0064
16.4_1638-
1656

1638

991

UUUCAUAACUCGGACAAUU

1017

AAUUGUCCGAGUUAUGAAA

NM_0064
16.4_1639-
1657

1639

992

UUCAUAACUCGGACAAUUU

1018

AAAUUGUCCGAGUUAUGAA

NM_0064
16.4_1711-
1729

1711

993

UGCCAUUCAUUAUCUGGUU

1019

AACCAGAUAAUGAAUGGCA

NM_0064
16.4_1816-
1834

1816

994

ACUGUUGGGCUCUCAAUAA

1020

UUAUUGAGAGCCCAACAGU

[00374] Table 21: RNA effector molecules targeting SLLC35A1 (mouse; NM_011895.3; SEQ ID

NO:1021)

Oligo
Name

Start
Pos.

SEQ
7))
NO.

Sense Sequence
5'to 3'

SEQ
7))
NO.

Antisense Sequence
5't03'

NM_0118
95.3_253-
271

253

1022

CCGCUUACACCGUAGCUUU

1043

AAAGCUACGGUGUAAGCGG

NM_0118
95.3_254-
272

254

1023

CGCUUACACCGUAGCUUUA

1044

UAAAGCUACGGUGUAAGCG

NM_0118
95.3_378-
396

378

1024

ACUGGCAGUUUGGGUAGAU

1045

AUCUACCCAAACUGCCAGU

NM_0118
95.3_433-
451

433

1025

CCAAGGAACUGGCGAAGUU

1046

AACUUCGCCAGUUCCUUGG

NM_0118
95.3_455-
473

455

1026

UGUGCCAUCACUAGUGUAU

1047

AUACACUAGUGAUGGCACA

NM_0118
95.3_527-
545

527

1027

GUACCAGGUGACCUAUCAA

1048

UUGAUAGGUCACCUGGUAC

NM_0118
95.3_610-
628

610

1028

AGUGGAUUUCCGUCUUCAU

1049

AUGAAGACGGAAAUCCACU

NM 0118

671

1029

AGCUACAAAAGUCGUGGUA

1050

UACCACGACUUUUGUAGCU
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95.3_671-
689

NM_0118
95.3_774-
792

774

1030

UUAAAGAGUUCCGACACUU

1051

AAGUGUCGGAACUCUUUAA

NM_0118
95.3_826-
844

826

1031

CAGGGAUCGUUGUGACGUU

1052

AACGUCACAACGAUCCCUG

NM_0118
95.3_1052-
1070

1052

1032

UGGAUUACAGAUAACACUU

1053

AAGUGUUAUCUGUAAUCCA

NM_0118
95.3_1190
1208

1190

1033

AUUUGAAUCUCAAGAGAUU

1054

AAUCUCUUGAGAUUCAAAU

NM_0118
95.3_1254-
1272

1254

1034

AACCCCAGAUGGUAGGUUA

1055

UAACCUACCAUCUGGGGUU

NM_0118
95.3_1255-
1273

1255

1035

ACCCCAGAUGGUAGGUUAA

1056

UUAACCUACCAUCUGGGGU

NM_0118
95.3_1256-
1273

1256

1036

CCCCAGAUGGUAGGUUAAA

1057

UUUAACCUACCAUCUGGGG

NM_0118
95.3_1462-
1480

1462

1037

CAUGGAGGUGCCAUGGUAU

1058

AUACCAUGGCACCUCCAUG

NM_0118
95.3_1572-
1590

1572

1038

AUAUUCAAGCAACGAGGUU

1059

AACCUCGUUGCUUGAAUAU

NM_0118
95.3_1573-
1591

1573

1039

UAUUCAAGCAACGAGGUUU

1060

AAACCUCGUUGCUUGAAUA

NM_0118
95.3_1574-
1592

1574

1040

AUUCAAGCAACGAGGUUUA

1061

UAAACCUCGUUGCUUGAAU

NM_0118
95.3_1877-
1895

1877

1041

CUGUCAGCUGAUAUACUUU

1062

AAAGUAUAUCAGCUGACAG

NM_0118
95.3_1936-
1954

1936

1042

UAAAGUAUGGUUACCUGUU

1063

AACAGGUAACCAUACUUUA

[00375] Table 22: RNA effector molecules targeting SLLC35A2 (rat; NM_001127642.1; SEQ ID

NO:1064)
Oligo Start | SEQ Sense Sequence SEQ Antisense Sequence
Name Pos. D 5'to 3' D 5'to 3'
NO. NO.
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NM_0011
27642.1_1
10-128

110

1065

ACCGGCGCCUCAAGUAUAU

1090

AUAUACUUGAGGCGCCGGU

NM_0011
27642.1_1
11-129

111

1066

CCGGCGCCUCAAGUAUAUA

1091

UAUAUACUUGAGGCGCCGG

NM_0011
27642.1_1
12-130

112

1067

CGGCGCCUCAAGUAUAUAU

1092

AUAUAUACUUGAGGCGCCG

NM_0011
27642.1_1
16-134

116

1068

GCCUCAAGUAUAUAUCCUU

1093

AAGGAUAUAUACUUGAGGC

NM_0011
27642.1_3
63-381

363

1069

GGUGCCCUCUCUCAUCUAU

1094

AUAGAUGAGAGAGGGCACC

NM_0011
27642.1_3
87-405

387

1070

GCAGAAUAACCUCCAGUAU

1095

AUACUGGAGGUUAUUCUGC

NM_0011
27642.1_8
25-843

825

1071

UGUCUGGGGUGUCGUACUA

1096

UAGUACGACACCCCAGACA

NM_0011
27642.1_8
26-844

826

1072

GUCUGGGGUGUCGUACUAA

1097

UUAGUACGACACCCCAGAC

NM_0011
27642.1_8
27-845

827

1073

UCUGGGGUGUCGUACUAAA

1098

UUUAGUACGACACCCCAGA

NM_0011
27642.1_8
31-849

831

1074

GGGUGUCGUACUAAACCAA

1099

UUGGUUUAGUACGACACCC

NM_0011
27642.1_9
67-985

967

1075

UUCCACCUGGACCCAUUAU

1100

AUAAUGGGUCCAGGUGGAA

NM_0011
27642.1_9
68-986

968

1076

UCCACCUGGACCCAUUAUU

1101

AAUAAUGGGUCCAGGUGGA

NM_0011
27642.1_1
356-1374

1356

1077

UGAACGCUUCCUGAUAGAU

1102

AUCUAUCAGGAAGCGUUCA

NM_0011
27642.1 1
431-1449

1431

1078

CUCUUUGGGAACAGGGGUU

1103

AACCCCUGUUCCCAAAGAG

NM_0011
27642.1_1
562-1580

1562

1079

AGCUCUUCAGUAACGACUA

1104

UAGUCGUUACUGAAGAGCU

NM_0011
27642.1_1
580-1598

1580

1080

AAUGACUACUCGUGGGGUU

1105

AACCCCACGAGUAGUCAUU

NM_0011
27642.1 1

1596

1081

GUUCCAUUUCCUAUUGUAU

1106

AUACAAUAGGAAAUGGAAC
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596-1614

NM_0011
27642.1_1
636-1654

1636

1082

UCACCCUGGAUCAUGACAA

1107

UUGUCAUGAUCCAGGGUGA

NM_0011
27642.1_1
810-1828

1810

1083

GCUGGGACUAAACUCUUAU

1108

AUAAGAGUUUAGUCCCAGC

NM_0011
27642.1_1
815-1833

1815

1084

GACUAAACUCUUAUCAGUA

1109

UACUGAUAAGAGUUUAGUC

NM_0011
27642.1_1
816-1834

1816

1085

ACUAAACUCUUAUCAGUAU

1110

AUACUGAUAAGAGUUUAGU

NM_0011
27642.1_1
907-1925

1907

1086

GACUGACUAACCUCUGUUA

1111

UAACAGAGGUUAGUCAGUC

NM_0011
27642.1_1
942-1960

1942

1087

UCCUGCUAUCUUUACAGUA

1112

UACUGUAAAGAUAGCAGGA

NM_0011
27642.1_1
943-1961

1943

1088

CCUGCUAUCUUUACAGUAU

1113

AUACUGUAAAGAUAGCAGG

NM_0011
27642.1_1
958-1976

1958

1089

GUAUUUCUUAGGUGAGUUU

1114

AAACUCACCUAAGAAAUAC

[00376] Table 23: RNA effector molecules targeting SLLC35A2 (human; NM_001032289.1; SEQ ID

NO:1115)

Oligo
Name

Start
Pos.

SEQ
7))
NO.

Sense Sequence
5'to 3'

SEQ
7))
NO.

Antisense Sequence
5't03'

NM_0010
32289.1 1
21-139

121

1116

GCCUGAAGUACAUAUCCCU

1142

AGGGAUAUGUACUUCAGGC

NM_0010
32289.1 1
22-140

122

1117

CCUGAAGUACAUAUCCCUA

1143

UAGGGAUAUGUACUUCAGG

NM_0010
32289.1 1
25-143

125

1118

GAAGUACAUAUCCCUAGCU

1144

AGCUAGGGAUAUGUACUUC

NM_0010
32289.1 1
27-145

127

1119

AGUACAUAUCCCUAGCUGU

1145

ACAGCUAGGGAUAUGUACU

NM_0010
32289.1 1
30-148

130

1120

ACAUAUCCCUAGCUGUGCU

1146

AGCACAGCUAGGGAUAUGU

NM_0010

169

1121

UCAUCCUCAGCAUCCGCUA

1147

UAGCGGAUGCUGAGGAUGA
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32289.1 1
69-187

NM_0010
32289.1 2
46-264

246

1122

GUGCUCAAAGGUCUCACCU

1148

AGGUGAGACCUUUGAGCAC

NM_0010
32289.1 2
73-291

273

1123

CUGCUCUUCGCACAGAAGA

1149

UCUUCUGUGCGAAGAGCAG

NM_0010
32289.1 2
79-297

279

1124

UUCGCACAGAAGAGGGGUA

1150

UACCCCUCUUCUGUGCGAA

NM_0010
32289.1 2
83-301

283

1125

CACAGAAGAGGGGUAACGU

1151

ACGUUACCCCUCUUCUGUG

NM_0010
32289.1 2
85-303

285

1126

CAGAAGAGGGGUAACGUGA

1152

UCACGUUACCCCUCUUCUG

NM_0010
32289.1 2
96-314

296

1127

UAACGUGAAGCACCUGGUU

1153

AACCAGGUGCUUCACGUUA

NM_0010
32289.1 3
42-360

342

1128

CAGUAUGUGGACACGCUCA

1154

UGAGCGUGUCCACAUACUG

NM_0010
32289.1 3
46-364

346

1129

AUGUGGACACGCUCAAGCU

1155

AGCUUGAGCGUGUCCACAU

NM_0010
32289.1 3
73-391

373

1130

CCUCUCUCAUCUACACCUU

1156

AAGGUGUAGAUGAGAGAGG

NM_0010
32289.1 3
78-396

378

1131

CUCAUCUACACCUUGCAGA

1157

UCUGCAAGGUGUAGAUGAG

NM_0010
32289.1 3
85-403

385

1132

ACACCUUGCAGAAUAACCU

1158

AGGUUAUUCUGCAAGGUGU

NM_0010
32289.1 3
88-406

388

1133

CCUUGCAGAAUAACCUCCA

1159

UGGAGGUUAUUCUGCAAGG

NM_0010
32289.1 3
92-410

392

1134

GCAGAAUAACCUCCAGUAU

1160

AUACUGGAGGUUAUUCUGC

NM_0010
32289.1 3
94-412

394

1135

AGAAUAACCUCCAGUAUGU

1161

ACAUACUGGAGGUUAUUCU

NM_0010
32289.1 3
95-413

395

1136

GAAUAACCUCCAGUAUGUU

1162

AACAUACUGGAGGUUAUUC

NM_0010
32289.1 4
00-418

400

1137

ACCUCCAGUAUGUUGCCAU

1163

AUGGCAACAUACUGGAGGU
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NM_0010
32289.1 4
13-431

413

1138

UGCCAUCUCUAACCUACCA

1164

UGGUAGGUUAGAGAUGGCA

NM_0010
32289.1 4
16-434

416

1139

CAUCUCUAACCUACCAGCU

1165

AGCUGGUAGGUUAGAGAUG

NM_0010
32289.1 4
24-442

424

1140

ACCUACCAGCUGCCACUUU

1166

AAAGUGGCAGCUGGUAGGU

NM_0010
32289.1 4
27-445

427

1141

UACCAGCUGCCACUUUCCA

1167

UGGAAAGUGGCAGCUGGUA

[00377] Table 24: RNA effector molecules targeting SLLC35A2 (mouse; NM_(078484.2; SEQ ID

NO:1168)

Oligo
Name

Start
Pos.

SEQ
7))
NO.

Sense Sequence
5t 3’

SEQ
7))
NO.

Antisense Sequence
53

NM_0784
84.2_33-51

33

1169

GAAACGGACGUGAUGGAUA

1197

UAUCCAUCACGUCCGUUUC

NM_0784
84.2_166-
184

166

1170

UUGGAACCUGGGUCCACUA

1198

UAGUGGACCCAGGUUCCAA

NM_0784
84.2_200-
218

200

1171

GCCUCAAGUAUAUAUCCUU

1199

AAGGAUAUAUACUUGAGGC

NM_0784
84.2_206-
224

206

1172

AGUAUAUAUCCUUAGCUGU

1200

ACAGCUAAGGAUAUAUACU

NM_0784
84.2_325-
343

325

1173

GUGCUCAAAGGUCUCACCU

1201

AGGUGAGACCUUUGAGCAC

NM_0784
84.2_349-
367

349

1174

CUGCUGCUCUUCGCACAAA

1202

UUUGUGCGAAGAGCAGCAG

NM_0784
84.2_350-
368

350

1175

UGCUGCUCUUCGCACAAAA

1203

UUUUGUGCGAAGAGCAGCA

NM_0784
84.2_352-
370

352

1176

CUGCUCUUCGCACAAAAGA

1204

UCUUUUGUGCGAAGAGCAG

NM_0784
84.2_451-
469

451

1177

CCCUCUCUCAUCUAUACCU

1205

AGGUAUAGAUGAGAGAGGG

NM_0784
84.2_455-
473

455

1178

CUCUCAUCUAUACCUUGCA

1206

UGCAAGGUAUAGAUGAGAG
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NM_0784
84.2_469-
487

469

1179

UUGCAGAAUAACCUCCAGU

1207

ACUGGAGGUUAUUCUGCAA

NM_0784
84.2_542-
560

542

1180

AGAUCCUGACUACAGCGCU

1208

AGCGCUGUAGUCAGGAUCU

NM_0784
84.2_785-
803

785

1181

GUUCUGUGUGGCUUCGUAA

1209

UUACGAAGCCACACAGAAC

NM_0784
84.2_788-
806

788

1182

CUGUGUGGCUUCGUAACCU

1210

AGGUUACGAAGCCACACAG

NM_0784
84.2_791-
809

791

1183

UGUGGCUUCGUAACCUACA

1211

UGUAGGUUACGAAGCCACA

NM_0784
84.2_910-
928

910

1184

GUCUGGGGUGUAGUACUAA

1212

UUAGUACUACACCCCAGAC

NM_0784
84.2_914-
932

914

1185

GGGGUGUAGUACUAAACCA

1213

UGGUUUAGUACUACACCCC

NM_0784
84.2 915-
933

915

1186

GGGUGUAGUACUAAACCAA

1214

UUGGUUUAGUACUACACCC

NM_0784
84.2_919-
937

919

1187

GUAGUACUAAACCAAGCCU

1215

AGGCUUGGUUUAGUACUAC

NM_0784
84.2_920-
938

920

1188

UAGUACUAAACCAAGCCUU

1216

AAGGCUUGGUUUAGUACUA

NM_0784
84.2_1052-
1070

1052

1189

UCCACCUGGACCCAUUAUU

1217

AAUAAUGGGUCCAGGUGGA

NM_0784
84.2_1297-
1315

1297

1190

AUGCUGGCCUGUCUUCGUU

1218

AACGAAGACAGGCCAGCAU

NM_0784
84.2_1336-
1354

1336

1191

AACUGGGACUAAACUCUUA

1219

UAAGAGUUUAGUCCCAGUU

NM_0784
84.2_1341-
1359

1341

1192

GGACUAAACUCUUAUCAGU

1220

ACUGAUAAGAGUUUAGUCC

NM_0784
84.2_1344-
1362

1344

1193

CUAAACUCUUAUCAGUAUU

1221

AAUACUGAUAAGAGUUUAG

NM_0784
84.2_1351-
1369

1351

1194

CUUAUCAGUAUUAGGGGUA

1222

UACCCCUAAUACUGAUAAG

NM_0784
84.2_1422-

1422

1195

GGGCUGACAUGACUAACCU

1223

AGGUUAGUCAUGUCAGCCC
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1440

NM_0784 | 1445 1196 | UAAUGGGCCCACCUCUACU 1224 | AGUAGAGGUGGGCCCAUUA
84.2_1445-
1463

[00378] Argd95His Glucocerebrosidase nucleotide sequence (SEQ ID NO. 1225)

atggctggcagectcacaggtttgctictacttcaggeagtgtegtgggceatcaggtgeccgeecctgeateectaaaageticggcetacageteggtggt
gtgtgtctgcaatgecacatactgtgactcectttgacceecegacctttectgeccttggtaccticagecgetatgagagtacacgeagtgggegacggat
ggagcetgagtatggggcccatccaggctaatcacacgggeacaggectgctactgacectgeagecagaacagaagticcagaaagtgaagggatttg
gaggeggccatgacagatgctgctgctetcaacatecttgecctgtcaccecctgeccaaaatttgetacttaaatcgtacttctctgaagaaggaatcggat
ataacatcatccgggtacccatggcecagetgtgacttctccatecgeacctacacctatgecagacacecectgatgatttccagttgeacaacttcagectee
cagaggaagataccaagctcaagatacccctgattcaccgagecctgeagttggeccagegteecgtttcactecttgecagecectggacatcacceac
ttggctcaagaccaatggageggtgaatgggaagggetcactcaagggacageccggagacatctaccaccagacctgggcecagatactttgtgaagt
tcctggatgectatgetgageacaagttacagtictgggceagtgacagetgaaaatgagecttctgetgggctgttgagtggataceccttccagtgectgg
gcttcacccctgaacatcagegagacttcattgeccgtgacctaggtectacectcgecaacagtactcaccacaatgtecgectacteatgetggatgac
caacgcttgctgetgeeccactgggecaaaggtggtactgacagacccagaagceagcetaaatatgticatggeattgetgtacattggtacetggactttetg
gctccagecaaagecaccctaggggagacacaccgectgttccccaacaccatgetetttgectcagaggectgtgtgggctccaagttctgggageag
agtgtgcggctaggcetectgggatcgagggatgcagtacagecacageatcatcacgaacctectgtaccatgtggteggetggaccgactggaacctt
gcectgaaccecgaaggaggacccaattgggtgcgtaactttgtcgacagteccatcattgtagacatcaccaaggacacgttttacaaacageccatgtt
ctaccaccttggcecacttcagcaagttcattcctgagggetcccagagagtgggectggttgccagtcagaagaacgacctggacgceagtggeactgat
gcatcccgatggetetgetgttgtggtegtgctaaaccgetectetaaggatgtgectcttaccatcaaggatectgetgtgggcttectggagacaatctca
cctggctactcecattcacacctacctgtggeatcgecagtga

[00379] Argd95His Glucocerebrosidase protein sequence (SEQ ID NO. 1226)

MAGSLTGLLLLQAVSWASGARPCIPKSFGYSSVVCVCNATYCDSFDPPTFPALGTFSRYESTRSG
RRMELSMGPIQANHTGTGLLLTLQPEQKFQKVKGFGGAMTDAAALNILALSPPAQNLLLKSYFS
EEGIGYNIIRVPMASCDESIRTYTYADTPDDFQLHNFSLPEEDTKLKIPLIHRALQLAQRPVSLLAS

PWTSPTWLKTNGAVNGKGSLKGQPGDIYHQTWARYFVKFLDAYAEHKLQFWAVTAENEPSAG
LLSGYPFQCLGFTPEHQRDFIARDLGPTLANSTHHNVRLLMLDDQRLLLPHWAKVVLTDPEAAK
YVHGIAVHWYLDFLAPAKATLGETHRLFPNTMLFASEACVGSKFWEQSVRLGSWDRGMQYSH

SITNLLYHVVGWTDWNLALNPEGGPNWVRNFVDSPITVDITKDTFYKQPMFYHLGHFSKFIPEG

SQRVGLVASQKNDLDAVALMHPDGSAVVVVLNRSSKDVPLTIKDPAVGFLETISPGYSIHTYLW
HRQ*
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[00380] GV90 Vector Sequence (SEQ ID NO. 1227)

CTAGAgcatgcatctcaattagtcagcaaccatagtccegeccctaactccgeccatecccgeccctaactcegeecagttecgeccattetcecgecee
atggctgactaattttttttatttatgcagaggecgaggecgecteggectetgagcetaticcagaagtagtgaggaggcttttttggaggectaggcettttge
aaaaagctttatccecgetgcecatcatggttcgaccattgaactgeatcgtegecgtgteccaagatatggggattggcaagaacggagacctacectgg
ccteegetcaggaacgagttcaagtacttccaaagaatgaccacaacctcttcagtggaaggtaaacagaatctggtgattatgggtaggaaaacctggtt
ctccattcctgagaagaatcgacctitaaaggacagaattaatatagttctcagtagagaactcaaagaaccaccacgaggagctcattttcttgeccaaaag
tttggatgatgccttaagacttattgaacaaccggaattggcaagtaaagtagacatggtttggatagtcggaggceagttctgtttaccaggaagcecatgaat
caaccaggccacctcagactctttgtgacaaggatcatgecaggaatttgaaagtgacacgtttttcccagaaattgatttggggaaatataaacttctcccag
aatacccaggcgtcctetctgaggtccaggaggaaaaaggceatcaagtataagtttgaagtctacgagaagaaagactaacaggaagatgctttcaagtt
ctctgeteccctectaaagcetatgeatttttataagaccatgggacttttgetggetttagatctttgtgaaggaaccttacttctgtggtgtgacataattggaca
aactacctacagagatttaaagctctaaggtaaatataaaatttttaagtgtataatgtgttaaactactgattctaattgtetgtgtattttagattccaacctatgg
aactgatgaatgggagcagtggtggaatgcctitaatgaggaaaacctgttttgctcagaagaaatgecatctagtgatgatgaggctactgetgactctea
acattctactcctccaaaaaagaagagaaaggtagaagaccccaaggactttccticagaattgctaagttttttgagtcatgetgtgtttagtaatagaactct
tgcttgctttgetatttacaccacaaaggaaaaagetgceactgctatacaagaaaattatggaaaaatattctgtaacctttataagtaggcataacagttataa
tcataacatactgttttttcttactccacacaggcatagagtgtctgctattaataactatgctcaaaaattgtgtacctttagetttttaatttgtaaaggggttaat
aaggaatatttgatgtatagtgccttgactagagatcataatcagccataccacatttgtagaggttttacttgcetttaaaaaacctcccacaccteecectgaa
cctgaaacataaaatgaatgcaattgttgttgttaactigtitattgcagettataatggttacaaataaagcaatageatcacaaattGI'CGAcctgcagg
catgcaagcttggcgtaatcatggtcatagetgtttcctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaageataaagtgtaaag
cctggggtocctaatgagtgagcetaactcacattaattgegttgegetcactgeccgetttccagtegggaaacctgtegtgecagetgceattaatgaateg
gccaacgegeggggagaggeggtttgegtattgggcegetettecegettectegeteactgactegetgegeteggtegttecggetgeggegageggtat
cagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecageaaaaggccaggaacce
gtaaaaaggccgcegttgctggegtttttccataggcteccgecccectgacgageatcacaaaaatcgacgetcaagtcagaggtggegaaaccegaca
ggactataaagataccaggcegtttcecectggaagcetecctegtgegceteteetgticcgacecetgecgettaceggatacctgtecgecttteteecttegg
gaagcgtggcgcttictcatagctcacgcetgtaggtatctcagttcggtgtaggtegticgeteccaagetgggctgtgtgcacgaaccceccgttcagece
gaccgctgegcecttatccggtaactategtcttgagtecaacccggtaagacacgacttatcgecactggeageagecactggtaacaggattagecagag
cgaggtatgtaggcggtgctacagagttcttgaagtggtggectaactacggetacactagaagaacagtatttggtatetgegetetgetgaagecagtta
ccttcggaaaaagagttggtagetcttgatccggcaaacaaaccaccgetggtageggtggtttttttgtttgcaagecageagattacgegcagaaaaaaa
ggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatctt
cacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggceacctatct
cagcgatctgtctatttcgttcatccatagttgectgactcecegtegtgtagataactacgatacgggaggecttaccatctggecccagtgetgeaatgat
accgcgagacccacgctcaccggetccagatttatcagcaataaaccagecagecggaagggecgagegeagaagtggtectgeaactttatcegect
ccatccagtctattaattgttgccgggaagctagagtaagtagttcgecagttaatagtttgcgcaacgttgttgccattgctacaggeategtggtgtcacge
tcgtegtttggtatggcttcattcagetecggttcccaacgatcaaggcegagttacatgatcceccatgtigtgcaaaaaageggttagetecttcggtectee
gatcgttgtcagaagtaagttggccgceagtgttatcactcatggttatggcagceactgcataattetcttactgtcatgecatccgtaagatgettttetgtgact
ggtgagtactcaaccaagtcattctgagaatagtgtatgcggegaccgagttgetettgeeccggegtcaatacgggataataccgegecacatageagaa
ctttaaaagtgctcatcattggaaaacgttcttcggggegaaaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccactegtgeacccaa
ctgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaatgecgcaaaaaagggaataagggcgacacggaaatgt
tgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaacaaataggg
gttccgegeacatticcccgaaaagtgecacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggegtatcacgaggecctttcgte
tcgegegtttcggtgatgacggtgaaaacctetgacacatgecagetececggagacggtcacagettgtetgtaageggatgecgggageagacaagece
cgtcagggcegegtcagegggtgtiggegggtgteggggctggcttaactatgeggeatcagageagattgtactgagagtgcaccatatgeggtgtgaa
ataccgcacagatgcgtaaggagaaaataccgcatcaggegecattcgecattcaggetgegeaactgttgggaagggcgateggtgegggcectette
gctattacgccagetggegaaagggggatgtgctgcaaggegattaagttgggtaacgecagggttttcccagtcacgacgttgtaaaacgacggecag
tgeAATTCTACGGGCCAGATTTACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAA
TGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTC
CCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACT
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GCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGA
CGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGC
AGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTITGGCAGTACATCAATG
GGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGG
AGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATT
GAAGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGGAGCTCGTCAGAT
CGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCC
TCCGCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACGTAAGTAC
CGCCTATAGACTCTATAGGCACACCCCTTTGGCTCTITATGCATGCTATACTGTTTTTGGCTTG
GGGCCTATACACCCCCGCTTCCTTATGCTATAGGTGATGGTATAGCTTAGCCTATAGGTGTG
GGTTATTGACCATTATTGACCACTCCCCTATTGGTGACGATACTTTCCATTACTAATCCATAA
CATGGCTCTTTGCCACAACTATCTCTATTGGCTATATGCCAATACTCTGTCCTTCAGAGACTG
ACACGGACTCTGTATTTTTACAGGATGGGGTCCCATTTATTATTTACAAATTCACATATACAA
CAACGCCGTCCCCCGTGCCCGCAGTTTTTATTAAACATAGCGTGGGATCTCCACGCGAATCT
CGGGTACGTGTTCCGGACATGGGCTCTTCTCCGGTAGCGGCGGAGCTTCCACATCCGAGCCC
TGGTCCCATGCCTCCAGCGGCTCATGGTCGCTCGGCAGCTCCTTGCTCCTAACAGTGGAGGC
CAGACTTAGGCACAGCACAATGCCCACCACCACCAGTGTGCCGCACAAGGCCGTGGCGGTA
GGGTATGTGTCTGAAAATGAGTCGGAGATTGGGCTCGCACCGCTGACGCAGATGGAAGACT
TAAGGCAGCGGCAGAAGAAGATGCAGGCAGCTGAGTTGTTGTATTCTGATAAGAGTCAGAG
GTAACTCCCGTTGCGGTGCTGTTAACGGTGGAGGGCAGTGTAGTCTGAGCAGTACTCGTTGC
TGCCGCGCGCGCCACCAGACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTC
TTTTCTGCAGTCACCGTCCTTGCTTGCAATCGCGGCCGCAGGCGCGCCGGATCCGCTGATCA
GCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGA
CCCTGGAAGGTGCCACTCTCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGT
CTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATT
GGGAAGACAATAGCAGGCATGCTGGGGT

[00381] Human glucocerebrosidase, variant 1: Genbank Accession No. NM_000157 (SEQ ID NO.
1228)

acatcgggaa gccggaatta cttgecaggge taacctagtg cctatageta aggeaggtac ctgeateett gtttetgtet agtggatect
ctatccttca gagactctgg aacccctgtg gtcttetett catctaatga cectgagggg atggagtttt caagtecttc cagagaggaa
tgtcccaage ctttgagtag ggtaageate atggetggea gectcacagg attgettcta cttcaggeag tgtegtggge atcaggtgece
cgeecectgea teectaaaag cttecggetac ageteggtgg tgtgtgtetg caatgecaca tactgtgact cetttgacee ceccgaccttt
cctgeecttg gtaccttcag ccgetatgag agtacacgea gtgggegacg gatggagcetg agtatgggec ccatccagge taatcacacg
ggcacaggcc tgetactgac cctgeageca gaacagaagt tccagaaagt gaaggeattt ggaggeecca tgacagatge tgetgetete
aacatccttg ccctgtcacc ccctgeccaa aatttgetac ttaaatcgta cttctctgaa gaaggaateg gatataacat catccgggta
cccatggceca getgtgactt ctecatecge acctacacct atgcagacac ccetgatgat ttccagttge acaacttcag cctceccagag
gaagatacca agctcaagat accectgatt caccgagecc tgeagttgge ccagegteec gtttcactec ttgecagecce ctggacatca
cccacttgge tcaagaccaa tggageggtg aatgggaagg ggtcactcaa gggacagecce ggagacatcet accaccagac ctgggecaga
tactttgtga agttcctgga tgectatget gagcacaagt tacagttctg ggcagtgaca getgaaaatg agecttetge tgggetgttg
agtggatacc ccttccagtg cctgggcttc accectgaac atcagegaga ctteattgee cgtgacctag gtectacect cgecaacagt
actcaccaca atgtccgect actcatgetg gatgaccaac gettgetget geeccactgg gecaaaggtgg tactgacaga cccagaagea
gctaaatatg ttcatggcat tgetgtacat tggtaccetgg actttctgge tccagecaaa gecaccctag gggagacaca cegectgtte
cccaacacca tgetetttge ctcagaggec tgtgtgggct ccaagttctg ggagecagagt gtgeggctag getectggga tcgagggatg
cagtacagcc acagcatcat cacgaacctc ctgtaccatg tggtcggetg gaccgactgg aaccttgeece tgaaccecga aggaggacce
aattgggtgc gtaactttgt cgacagtecc atcattgtag acatcaccaa ggacacgttt tacaaacagc ccatgttcta ccaccttgge
cacttcagca agttcattcc tgagggctec cagagagtgg ggctggttge cagtcagaag aacgacctgg acgeagtggce actgatgeat
ccegatggct ctgetgttgt ggtegtgcta aaccgetect ctaaggatgt gectcttace atcaaggate ctgetgtggg cttectggag
acaatctcac ctggctactc cattcacacc tacctgtgge gtcgecagtg atggagcaga tactcaagga ggeactggge tcagectggg
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cattaaaggg acagagtcag ctcacacgct gtctgtgact aaagagggcea cagcagggcec agtgtgaget tacagegacg taageccagg
ggcaatggtt tgggtgactc actttceect ctaggtggtg ccaggggectg gaggeeccta gaaaaagate agtaagecce agtgtecece
cagcccccat gettatgtga acatgegetg tgtgetgctt getttggaaa ctgggectgg gteccaggect agggtgaget cactgtecgt
acaaacacaa gatcagggct gagggtaagg aaaagaagag actaggaaag ctgggcccaa aactggagac tgtttgtett tectggagat
gcagaactgg geecgtggag cageagtgtc ageatcaggg cggaagectt aaagcageag cgggtgtgece caggeaccca gatgattect
atggcaccag ccaggaaaaa tggcagctct taaaggagaa aatgtttgag cccaaaaaaa aaaaaaaaaa aaaa

[00382] Human glucocerebrosidase, variant 1: Genbank Accession No. NP_000148 (SEQ ID NO.
1229)

1 mefsspsree cpkplsrvsi magsltglll lqavswasga rpcipksfgy ssvvevenat

61 ycdstdpptf palgtfsrye strsgrrmel smgpiganht gtgllltlgp eqkfgkvkgf
121 ggamtdaaal nilalsppaq nlllksyfse egigyniirv pmascdfsir tytyadtpdd
181 fqlhnfslpe edtklkipli hralglaqrp vsllaspwts ptwlktngav ngkgslkgqp
241 gdiyhqtwar yfvkfldaya ehklqfwavt aenepsagll sgypfqclgf tpehqrdfia
301 rdlgptlans thhnvrllml ddqrlllphw akvvltdpea akyvhgiavh wyldflapak
361 atlgethrlf pntmlfasea cvgskfweqs vrlgswdrgm qyshsiitnl lyhvvgwtdw
421 nlalnpeggp nwvrnfvdsp iivditkdtf ykqpmiyhlg hfskfipegs qrvglvasgk
481 ndldavalmh pdgsavvvvl nrsskdvplt ikdpavgfle tispgysiht ylwrrq

[00383] Homo sapiens iduronate 2-sulfatase (IDS), transcript variant 1 (Idursulfase) Genbank
Accession No. NM_000202 (SEQ ID NO. 1230)

agaacccgee ccggagggea gggacgcagg gaagagtege acggacgeac tecgegetgeg gecagegecee gggectgegg
geeeggeegg cggetgtatt gegeagtctt catgggttee cgacgaggag gtetetgtgg ctgeggegge ggctgetaac tgegecacct
getgeagect gteeecgecg ctetgaageg gecgegtega agecgaaatg ccgecaccee ggaccggecg aggecttete tggetgggte
tggttctgag ctecgtetge gtegeecteg gatccgaaac geaggecaac tcgaccacag atgetctgaa cgttcttete atcategtgg
atgacctgeg ccccteectg ggctgttatg gggataaget ggtgaggtec ccaaatattg accaactgge atceccacagce ctectettee
agaatgcectt tgcgecagceaa geagtgtgeg cecegagecg cgtttettte ctcactggea ggagacctga caccaccecge ctgtacgact
tcaactccta ctggagggtg cacgetggaa acttctccac catceccccag tacttcaagg agaatggceta tgtgaccatg teggtgggaa
aagtctttca ccctgggata tcttctaace ataccgatga ttctcegtat agetggtctt ttccacctta tcatecttee tetgagaagt atgaaaacac
taagacatgt cgagggecag atggagaact ccatgecaac ctgetttgee ctgtggatgt getggatgtt cccgagggea cettgectga
caaacagagc actgagcaag ccatacagtt gttggaaaag atgaaaacgt cagecagtcec tttcttectg geegttgggt atcataagece
acacatccce ttcagatacce ccaaggaatt tcagaagttg tatcecttgg agaacatcac cctggecece gatccegagg teectgatgg
cctaccecct gtggectaca accectggat ggacatcagg caacgggaag acgtccaage cttaaacate agtgtgecgt atggtecaat
tcetgtggac tttcagegga aaatccgeca gagetacttt gectetgtgt catatttgga tacacaggte ggecgectet tgagtgcettt
ggacgatctt cagetggeca acagceaccat cattgeattt acctcggate atgggtgggac tectaggtgaa catggagaat gggecaaata
cagcaatttt gatgttgcta cccatgttce cctgatatte tatgttcctg gaaggacgge ttcacttceg gaggeaggeg agaagctttt
cccttaccte gacccttttg attccgecte acagttgatg gagecaggea ggcaatccat ggaccttgtg gaacttgtgt ctetttttee
cacgctggct ggacttgeag gactgecaggt tecacctege tgececgtte cttcatttca cgttgagetg tgcagagaag gecaagaacct
tctgaagcat tttcgattee gtgacttgga agaggatecg tacctecctg gtaatcecceg tgaactgatt gectatagee agtatceceg
gccttcagac atecctcagt ggaattctga caagecegagt ttaaaagata taaagatcat gggctattee atacgcacca tagactatag
gtatactgtg tgggttggct tcaatcctga tgaatticta getaactttt ctgacatcca tgecaggggaa ctgtattttg tggattetga cecattgeag
gatcacaata tgtataatga ttcccaaggt ggagatcttt tccagttgtt gatgecttga gttttgccaa ccatggatgg caaatgtgat gtgetecctt
ccagcetggtg agaggaggag ttagagetgg tegttttgtg attacccata atattggaag cagectgagg getagttaat ccaaacatge
atcaacaatt tggectgaga atatgtaaca gccaaacctt ttegtttagt ctttattaaa atttataatt ggtaattgga ccagtttttt ttttaatttc
cctcttttta aaacagttac ggcttattta ctgaataaat acaaagcaaa caaactcaag ttatgtcata cctttggata cgaagaccat acataataac
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caaacataac attatacaca aagaatactt tcattatttg tggaatttag tgcatttcaa aaagtaatca tatatcaaac taggcaccac actaagttce
tgattatttt gtttataatt taataatata tcttatgagc cctatatatt caaaatatta tgttaacatg taatccatgt ttctttttca aatctaaagt
taaaaaaaaa tagcagaagc cagtgtctta aagtctatct tttgtttcta agaccatggg atttcataat ctcaagataa aatatgtatg aagtaattaa
tgtagaattt ttacaccaaa taataaataa tgcttaataa actagagata tgagatgtgt aggaaatttg gttaaacttt tttcagatac tttctggecce
aaataataat ttgttagcaa ataatatgac ccttgaactc aatggccatc tattaaaaga ctgttgttca cactggaaaa catttaaaga tgtgactata
tccatgggtg gattgaatca ctcaaaatat attagtatcc ttctttaggg atggttggtt acagacatgt atttattcag gaggcagaaa atattccatt
ttaattgctt attaaagaaa acattaaatt ctaaattatt ttgaggactg tgaagacttt tcattagtgt aatattaggt cattgtcaat ctcccagaat
gtagttctat attctctaaa tatgaaagta tccagaaagg ccagtggtag taaaaagctt agtgtatata atctcaaaag ggatggaata
tttacagctc atatttataa catgttgaat cttctcagtt atcagtagtc atcagaagtg tcaatagctt tctaaataaa tattaaatat ctactgtect
gtagtgaagg agtaattttt agtaattttc tctttacaaa gtctccagtg tttccaggta aatatttgtg aaacaaaata cagcaaacta cattgttact
tcagtgtatt gttgccaaaa atgacaagat attatattaa aatcagtaaa ttttagacag attttaaaaa ttaattagec tacaatagag gttatatggt
aacacggtga tcttctaage agttaagtga ctgactgttc tggcaacaac gacttctceg tgactgaagg gecctgttea tttcetgate
ctgaagctcg tetetetttt gagecteege ttgetttggt cgatggtttc cetcagettt ttetttgetg ticttcatee tegttgttge tgtcatcatg
ttcactgtgg cttttacaat acagcctgta aattccttat gacatagttc agtgcatttg getttatcge ctgetccaca gttetttacce tttacttgge
ttagagaaac tgtatctttg ttgcttcata taacctttcc ccaaccccac taagetggac ataacttatt agtggtcecte cegteacttt atttgtagaa
atctctcttt cacatgagea ggggttettt catgtggttt agetgacage agaactagtg attctagaca ttttgecatgg ccctcattca gtggctcaca
aacatgaggg agcatcagaa ctacttgagg ggcttgttaa aacccagtge gttagaagtc ggatgeggtg getcacacct gtaatcecag
cactttggga ggcccaggcea ggeggatcac ttgaggttag gagttcaaga ccagectgge caacatggtg aaaccccgte tctactaaaa
atacaaaagt tagccggete tggtggtgca tgectgtaat cccagettet tgggaggeca aggeacaaga atcgettgaa ccaggagacg
gaggtttcag tgaatgaaga tcgtgecatt gtattccage ctcggceaaca cagecaggact gtgattttct ttggagacte ctagattttc tgtggttttg
aactgaattt gttggatgtt ggcaagtgec tcttatgage tgtttcttta tecetgeattt gecceccacaaa gacttatetg gaggtgagea aagtatgttt
ggtagtgagg tcacaaaggce aatcageece ttecteecca cteecattge catettetea gtecttetee ctttetttce aagtagttta
cccacccctce ctetttecte cectgtecct aaaataatec acgtgtctte ctaaaatcte tetttgatee tgteetttga taacaccgte agtgectact
actgggtcta gacagacctc tgttgagcag tcagagtctt ccctgactce acaatgecce tttecttgge tgaccagtat gactactggt
ccccaccttt cecttgecta tecctaccte cetectacta ggttgteeca teectetett cacccattca ttcatgacca tttttcacta ccaagcetceece
ccecteecga aggaggcetga ggtttttgtg actctetaga ctetattgtg ggatggaatg aacattgeta aagaatettg tgttcgettt actttaaaaa
ggtatttttt tcctaattat aaaactgatg tgtcagttac ggaaaaatta gaaatgcage acaaatacat gaatatttta ccacgaaatt gecatataat
atcttgtctt ttttgggget gtgaattttt tgcattgtic tgatcatatt ctttatcatg taatttatgt tcttttttac taagtattat gtgtggttat tatagatttt
cacaaagata tattgctggt aatatatttt attgtgtagt cttataattt acttaacctt ctttcaattg ttagaaattt aggctatttc cagattttca
gtattgtaaa taatgctgtg atgaccaatt ttgtgaataa aatgttttta tgtatttcag attattccct taggatagte tctcagtgec aagttgtcaa
aaacatctct attttgctta tcttcetget ctettgetge cttagggget agtaaactga aacataaagt aaacatgceat acaaataaaa
aacataaaac aaaaataagc aacctgatgg taataggtga aagtggtaac ctgttttaac tttgaattct tgeecgggege ggtggctcac
gcctgtaate ccageacttt gggagectga ggegggtgga tcacgaggte aggagttcaa aaccagectg gecaagatgg tgaaateceg
tctctactaa aaatacaaaa attageeggg cgtggtggacg ggcgectgta atcccageta cttgggaggce tgaggcagag aattgettga
acccaggagg cggaggttge agtgagcecaa gatcgegeca ctgeacteca geetgggtga cagagegaga ctecgteteca aataaaaaac
aacaaaaaac aaaaaaaact taaaattctt tgcttgttag tgaccttgat catggttcte tttgtacgat agttgggceat ctgtatttce acttgtgtga
atttgecttt aaattttggt tatgggtttc accttttaaa ataatcaaac atatttatct tttcetgtgt gataggtttt tttctgtate ttttcctgtt
aaacacacag accccteecc aatctggaca ttgaataaat attcatttte ctttgeattg ttaaaaaaaa aaaaaaaaaa aaaaaa

[00384] Homo sapiens iduronate 2-sulfatase (IDS), transcript variant 1 (Idursulfase) Genbank
Accession No. NP_000193 (SEQ ID NO. 1231)

1 mppprtgrgl lwlglvlssv cvalgsetqa nsttdalnvl liivddlrps lgcygdklvr
61 spnidqlash sllfgnafaq qavcapsrvs fltgrrpdtt rlydfnsywr vhagnfstip
121 qytkengyvt msvgkvfhpg issnhtddsp yswsfppyhp ssekyentkt crgpdgelha
181 nllecpvdvld vpegtlpdkq steqaiglle kmktsaspff lavgyhkphi pfrypkefgk
241 lyplenitla pdpevpdglp pvaynpwmdi rqredvqgaln isvpygpipv digrkirgsy
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301 fasvsyldtq vgrllsaldd lglanstiia ftsdhgwalg ehgewakysn fdvathvpli
361 fyvpgrtasl peageklipy ldpfdsasql mepgrqsmdl velvsliptl aglaglqvpp
421 rcpvpsthve Icregknllk hfrfrdleed pylpgnprel iaysqyprps dipqwnsdkp
481 slkdikimgy sirtidyryt vwvginpdef lanfsdihag elyfvdsdpl qdhnmyndsq
541 ggdlfgllmp
[00385] Homo sapiens Acid Alpha Glucosidase, variant 1 Genbank Accession No. NM_000152

(SEQ ID NO:1232)

1 accegectet gegegeeece gggeacgace ccggagtetc cgegggegge cagggegegc
61 gtgcgeggag gtgageeggg cegggactge gggecticee tgagegeggg cegggteggt
121 ggggcggteg getgeeegeg cggectetea gttgggaaag ctgaggtigt cgecggggee
181 gegggtegag gtcggggatg aggeageagg taggacagtg acctcggiga cgecgaaggac
241 cccggecacce tetaggttet cetegtecge cegttgtica gegagggagg ctetgegegt
301 gcegeagetg acggggaaac tgaggeacgg agegggectg taggagcetgt ccaggecate
361 tccaaccatg ggagtegagge accegecectg cteccacegg ctectggeceg tetgegeect
421 cgtgtecttg geaaccgetg cacteetggg geacatecta ctecatgatt teetgetggt
481 tecccgagag ctgagtgget cetececagt cetggaggag actcacccag ctcaccagea
541 gggagccagce agaccagggce ccegggatge ccaggeacac cceggecgte ccagageagt
601 gcccacacag tgcgacgtec cceccaacag cegettegat tgegececetg acaaggecat
661 cacccaggaa cagtgcgagg cccgeggetg ttgetacate cetgcaaage aggggetgea
721 gggageccag atggggeage cetggtgctt cttcccacee agetacceca getacaaget
781 ggagaacctg agctcctctg aaatgggcta cacggecacc ctgaccegta ccacceccac
841 cttcttccee aaggacatee tgaccetgeg getggacgtg atgatggaga ctgagaaccg
901 cctecacttc acgatcaaag atccagetaa caggegetac gaggteccct tggagaccece
961 gcatgtccac agecgggeac cgtecccact ctacagegtg gagttctceg aggagecctt
1021 cggggtgate gtgcgecgge agetggacgg cegegtgetg ctgaacacga cggtggegee
1081 cctgttettt gcggaccagt teettcaget gtecaccteg ctgeectege agtatatcac
1141 aggcctcgee gageacctea gteccctgat getcageacce agetggacca ggatcaccect
1201 gtggaaccgg gaccttgege ccacgecegg tgegaaccte tacgggtete acectttcta
1261 cctggegcetg gaggacggeg ggteggeaca cggggtgttc ctgctaaaca geaatgecat
1321 ggatgtggtc ctgecageega geectgeect tagetggagg tcgacaggte ggatectgga
1381 tgtctacate ttcctgggee cagageccaa gagegtggte cageagtace tggacgtigt
1441 gggatacceg ttcatgeege catactggge cetgggcetic cacctgtgee getggggcta
1501 ctectecace getatcacce gecaggtggt ggagaacatg accagggecc actteccect
1561 ggacgtccag tggaacgacc tggactacat ggactccegg agggacttca cgttcaacaa
1621 ggatggcttc cgggacticc cggecatggt gcaggagetg caccagggeg geeggegeta
1681 catgatgatc gtggatcctg ccatcageag ctcgggecect geecgggaget acaggececta
1741 cgacgagggt ctgcggageg ggettttcat caccaacgag accggecage cgetgattgg
1801 gaaggtatgg cccgggteca ctgecttcee cgacttcace aacceccacag ceetggectg
1861 gtgggaggac atggtggctg agttccatga ccaggtgecec ticgacggea tgtggatiga
1921 catgaacgag ccttccaact tcatcagggg ctctgaggac ggetgeccca acaatgaget
1981 ggagaaccca ccctacgtge ctggggtget tggggggacc ctccaggegg cecaccatetg
2041 tgcctecage caccagttte tctccacaca ctacaacctg cacaacctet acggecetgac
2101 cgaagccate gecteccaca gggegetggt gaaggetcgg gggacacgec catttgtgat
2161 ctceegeteg acctttgetg gecacggeceg atacgeegge cactggacgg gggacgtgtg
2221 gagctcetgg gageagetcg cetecteegt gecagaaate ctgeagttta acetgetggg
2281 ggtecctetg gtcggggecg acgtetgegg cttectggge aacacctcag aggagetgtg

150



WO 2011/109600 PCT/US2011/026994

2341 tgtgecgetgg acccagetgg gggcctteta cecctteatg cggaaccaca acagectget
2401 cagtctgece caggagecgt acagettcag cgagecggece cageaggeca tgaggaaggc
2461 cctecaccetg cgetacgeac teeteeccca cetetacaca ctgttccace aggeccacgt
2521 cgegggggag accgtggece ggeccctett cetggagttc cccaaggact ctageacctg
2581 gactgtggac caccagctee tgtgggggga ggeectgete atcaccccag tgetccagge
2641 cgggaaggcece gaagtgactg getacttcee cttgggeaca tggtacgacc tgecagacggt
2701 gccagtagag geecttggea gecteccace cecaccetgea getceeegtg agecageceat
2761 ccacagcgag gggeagtggg tgacgetgee ggeecceectg gacaccatea acgtecacct
2821 ccgggcetggg tacatcatce ceetgeaggg cectggecte acaaccacag agtceecgeca
2881 gcageccatg geeetggetg tggeectgac caagggiggg gaggeccgag gggagetgtt
2941 ctgggacgat ggagagagece tggaagtgct ggagegaggg gectacacac aggteatett
3001 cctggecagg aataacacga tcgtgaatga getggtacgt gtgaccagtg agggagetgg
3061 cctgcagetg cagaaggtga ctgtectggg cgtggecacg gegeeccage aggteetete
3121 caacggtgtc cctgtcteca acttcaccta cagececgac accaaggtee tggacatetg
3181 tgtetegetg ttgatgggag ageagtttct cgtcagetgg tgttageegg geggagtgtg
3241 tragtctcte cagagggagg ctggttccce agggaageag agectgigtg cgggeageag
3301 ctgtgtgcgg gectgggget tgeatgtgte acctggaget gggeactaac cattccaage
3361 cgecgceateg cttgttteca cetectggge cggggetetg gececcaacg tgtctaggag
3421 agctttctce ctagatcgea ctgtgggeeg gggecctgga gggcetgctet gtgttaataa
3481 gattgtaagg tttgcectee teacctgttg ccggeatgeg ggtagtatta gecacccecec
3541 tecatctgtt cccageaceg gagaaggegg tgctcaggtg gaggtgtege gtatgeacct
3601 gagcteetge ticgegecetg ctgetetgee ccaacgegac cgetgeccgg ctgeccagag
3661 ggctggatge ctgeeggtee cegageaage ctgggaactc aggaaaattc acaggacttg
3721 ggagattcta aatcttaagt gcaattattt ttaataaaag gggcatttgg aatcaaaaaa

3781 aa

[00386] Homo sapiens Acid Alpha Glucosidase, variant 1 Genbank Accession No. NP_000143 (SEQ
ID NO: 1233)

1 mgvrhppcsh rllavcalvs lataallghi 11hdfllvpr elsgsspvle ethpahgqga

61 srpgprdaqga hpgrpravpt qcdvppnsrf dcapdkaitq eqceargecy ipakqglqga
121 gqmggpwctip psypsyklen Isssemgyta tltrttptif pkdiltlrld vmmetenrlh
181 ftikdpanrr yevpletphv hsrapsplys vefseepfgv ivrrqldgrv llnttvaplf
241 fadqflglst slpsqyitgl achlsplmls tswtritlwn rdlaptpgan lygshpfyla
301 ledggsahgyv fllnsnamdv vlgpspalsw rstggildvy iflgpepksv vqqyldvvgy
361 pfmppywglg thlerwgyss taitrqvven mtrahfpldv qwndldymds rrdftfnkdg
421 frdfpamvqge lhqggrrymm ivdpaisssg pagsyrpyde glrrgvfitn etggpligkv
481 wpgstafpdf tnptalawwe dmvaethdqv pfdgmwidmn epsnfirgse dgcpnnelen
541 ppyvpgvvgg tlqaaticas shqflsthyn lhnlygltea iashralvka rgtrpfvisr
601 stfaghgrya ghwtgdvwss weqlassvpe ilgfnllgvp lvgadvcgt] gntseelcvr
661 wtqlgafypf mrnhnsllsl pgepysfsep aqqamrkalt Iryallphly tifthqahvag
721 etvarplfle fpkdsstwtv dhgllwgeal litpvlgagk aevtgyiplg twydlqtvpv
781 ealgslpppp aaprepaihs egqwvtlpap ldtinvhlra gyiiplqgpg Itttesrqqp
841 malavaltkg geargelfwd dgeslevler gaytqvifla rnntivnelv rvtsegaglq
901 Igkvtvlgva tapqqvlsng vpvsnitysp dtkvldicvs llmgeqflvs wc
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[00387] Homo sapiens Arylsulfatase B, variant 1 Genbank Accession No., NM_000046 (SEQ ID
NO.: 1234)

1 aaaagtgaat acatgatitt atttaactca ttaataagga aattggtaag gtgttaaaac
61 caattcaaag gacaatccaa agaacagatc aggaatacta aaataaatat gcaagcggag

121 gtgaaactgt tttccttggt agtggtegag gggaaggatt getactccge tggataaagt

181 tcatttgtgt atatataaat aagaattatt ttccattgtt atttatctat aacttataaa

241 gtigtaaaca acttccacgg aatcagactc aacctggaag ggtatggtct ctaggcaatg

301 caaaaatttt cccctacacc tgttaacaac tataatatct ccagacagag tagacagaaa

361 gtctggatgg caacgggaat ctactggtca tacggctaac ttcctaattc aataagcacg

421 tgactaaagg attttttcct tccactcaga tatttcagge taactagata ctgtgtgett

481 cttagtgtca ctgcttagtg ggggagecag ctetgagteg ggtcatatce ggacaagega

541 atgagctatt tattcaatga ccacgcaaca ctccaaatec tcccagggea acttgaaagt

601 aaccgcacct tccaaaggge accgtgcaat cagactgtgt gtttggecte ctgtttgcta

661 gtggggagga ageggcttca tgggtgtaca ctacgcataa atgaatgtga aaggctattt

721 agacctetge cttttcaccg tecteecacc tgecacagge tgggcetettg tgctagaaat

781 gacttgctag ctagacatca tggttcagga tctgagtcag aggtttaacc atttataage

841 ttttttctta tgaaaaattg gecactaatta taatgtctaa ctgtcagagt tgttgcagge

901 tttacaggag acgcgggctg tgaagatgct ttgtaaattg tgaagcegtta ttaaagaaca

961 catctttttt ttttaggaaa ccacagtgca aatttaattg ccggggaaga taacgggect
1021 tggtgcecte caagegtcag ctgagtttcc aagaagecgg geagegggeg cecegegggtt
1081 cgtetetgge tectectecg ccacageage cgggggeccg ggicggagge ggeggggece
1141 gagcgeecgg cetegeaage ccacggeecg ctgggggtgc cgtecegege cggggeggag
1201 caggceecgg cageccagtt cetcattcta tcageggtac aaggggetgg tggegeecaca
1261 ggcgcetggga cecgegggegg acaaggatgg gtecgegegg cgeggegage ttgeeeecgag
1321 geeecggacce teggeggetg ctecteeeeg tegtecteee getgetgetg ctgetgtegt
1381 tggcgeegee gggcteggge geeggggeca geeggecgece ccacctggte tiettgetgg
1441 cagacgacct aggctggaac gacgtcgget tccacggete cegeatecge acgeecgeace
1501 tggacgcgcet ggeggeecgge gggetgctee tggacaacta ctacacgeag cegetgtgea
1561 cgecgtegeg gagecagetg ctecactggee getaccagat cegtacaggt ttacageace
1621 aaataatctg gcectgteag cccagetgtg ttcctetgga tgaaaaactc ctgececage
1681 tcctaaaaga agcaggttat actacccata tggtcggaaa atggcacctg ggaatgtacc
1741 ggaaagaatg ccttccaacc cgecgaggat ttgataccta ctitggatat ctectgggta
1801 gtgaagatta ttattcccat gaacgctgta cattaattga cgctctgaat gtcacacgat
1861 gtgctcttga ttttcgagat ggcgaagaag ttgcaacagg atataaaaat atgtattcaa
1921 caaacatatt caccaaaagg gctatagcce tcataactaa ccatccacca gagaagcectc
1981 tetttcteta cettgetete cagtetgtge atgagececct tcaggteect gaggaatact
2041 tgaagccata tgactttatc caagacaaga acaggcatca ctatgcagga atggtgtcce
2101 ttatggatga agcagtagga aatgtcactg cagctitaaa aagcagtggg ctctggaaca
2161 acacggtgtt catctttict acagataacg gagggcagac tttggcaggg ggtaataact
2221 ggeeecticg aggaagaaaa tggagectgt gggaaggage cgtecgagge gtggectttg
2281 tggcaagccce cttgetgaag cagaagggeg teaagaaccg ggageteate cacatctetg
2341 actggctgece aacactegtg aagetggeea ggggacacac caatggeaca aagectetgg
2401 atggcticga cgtgtggaaa accatcagtg aaggaagecc atcccccaga attgagetge
2461 tgcataatat tgacccgaac ttcgtggact cttcaccgtg tcccaggaac ageatggcete
2521 cagcaaagga tgactcttct cttccagaat attcagectt taacacatct gtccatgetg
2581 caattagaca tggaaattgg aaactcctca cgggctacce aggetgtggt tactggtice
2641 cteccaccgtc tcaatacaat gtttctgaga taccctcate agacccacca accaagacce
2701 tctggetett tgatattgat cgggaccctg aagaaagaca tgacctgtee agagaatate
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2761 ctcacatcgt cacaaagcte ctgtcecgee tacagttcta ccataaacac tcagtcceeg
2821 tgtacttcce tgcacaggac ceccgetgtg atcccaagge cactggggtg tegggecctt
2881 ggatgtagga tttcagggag gectagaaaac ctttcaattg gaagttggac ctcaggectt
2941 ttctcacgac tettgtetea tttgttatce caacctgggt teacttggec cttetettge
3001 tcttaaacca caccgaggtg tctaatttca acccctaatg catttaagaa getgataaaa
3061 tctgecaacac tectgetgtt ggetggagea tgtgtctaga ggtggggate getggettta
3121 tecececttte ctaagecttg ggacagetgg gaacttaact tgaaatagga agttctcact
3181 gaatcctgga ggctggaaca getggetctt ttagactcac aagtcagacg ttcgattcee
3241 ctetgecaat agecagtttt attggagtga atcacattte ttacgcaaat gaagggagea
3301 gacagtgatt aatggttctg ttggccaagg cttctecectg tcggtgaagg atcatgttca
3361 ggcactecaa gtgaaccacc cetettggtt caccecttac tecacttatet catcacagag
3421 cataaggccc aftttgttgt tcaggtcaac agcaaaatge ctgcaccatg actgtggctt
3481 ttaaaataaa gaaatgtgtt tttatcgtaa tttatttccc cccagecatt getcactetg
3541 tctagacttc ctgccacttc caattcttct gtggctttte ctgectttee ttttgaccte

3601 agtagtccta tccetgggaa ggcecactttg cttctetace tgageaccec tgatttetgg
3661 aacgctgctg agecectgect tacttttgee cctagggetg aagetagagg ccteceegta
3721 ataggcggtg gagttgetct gtgaggatgt tcatggtaga cactaagagg getgggtegg
3781 agatgcttgg ctectgtggca tetgttcage gaggetttte ctatattgea tggagttagt
3841 cattgtgatt gtagctttat ttcataatat attaagactt gcactgctat ttactagcag

3901 tgagaagaaa cctcaggaaa ggatatgaaa aagcaagtgg ccagtgtctg ggatactggg
3961 ccttggtaaa gcagaggagg gcacacccac agtcctctta ttctetgttt tactgettgt
4021 tttgaggttc tggggtcteg caaagaggat geagtttgac acctgecagece ctttctcaat
4081 cccactaatg tcttactaat gtggaacagt ccatattage tccagagagt gtcaaaccca
4141 gagaaatgtg tgcaaaaatg atactctttt ctgcattage cccaccattg tgttcaccaa
4201 tgcttggaac actgcctgaa ggcactcatt ttttaatttt tattttattt ttaattettt

4261 atatctttat gagacgatct cactctgtca ccaggttgga gtacagtggt acaatcacaa
4321 ctcaccgtag cctcaaacte ctgggcetcaa gtgattctce cacctcagge acccaaatag
4381 ctggaactac aggcatatac cgccacacce agctaatttt attttttgaa aagacaaggt
4441 tccctatgtt geecagetgg tettaaacte ctgggeteea geaattatee cagettggge
4501 tccaaaagtg ctgggattac aggcatgagt caccatgect ggectcattt tttaaaacaa
4561 atgaataaat ggacaaatga gtaaatgaga aagtctcaca ccatgaaaga tgctagtcca
4621 atgagctgaa tacagaggta atataaatgt cttccagetg ttgettttet gttctcaage
4681 tgccccteet ggggtaggag cataatctac atcactggge agtcacagga cactctatag
4741 caaggtigta gegtectete cagtggggge agaaaaggaa ctgtgectac caaaggtact
4801 ctcttgtcag caatttccat ttctatactt tatgggacac tagaaactaa aagcaacaaa
4861 taatctgata taagtccttg tatagtcatc cttcaattca gtagcaatat tttctggtca

4921 ctactaacct gtattgtatt aaaatgagac tattggaagg aaatggtect aaaactaata
4981 acatctctta ccaaccttta cccaactcct gggttggeaa acagetgacce aaactgecat
5041 caccteccac ttggaagtgt atggecgaca geatgaaata getgagecca gatgttectt
5101 ctgcatecte cgaatcccag ggetgggtgt aggtageegt tggaggecat cgetacaggg
5161 cacctatctg ttatcgetge tgtectecca acagetgtet ccagttetag ttecttggtt
5221 ttcaggcaca gtgggggatg ttctgcacce agtggacttc aaaagagttt tgaagactta
5281 attttttgta aaacaagtac ttgagatttt ggtttatcca taatagaatg tatttcatta

5341 gattctctga ttctatataa gaatgtgaaa agattgatat attgttgtta gaaataatgt
5401 tatttctttc caattttttt teteeeeete titgagatgg agtetegete tgtcaccecag

5461 gctggagtge agtggtgtga tctcggcetca ctgeagectce taactcccag gttcaageta
5521 ttctectgec tecagectece aagtagetgg attacaggcea tacaccacca cgeetggeta
5581 tgttttgtat ttttcgtaga gatagggttt caccatgttg gccaggetgg tctcaaacte
5641 ctgacctcaa gtgatccacc cacttcaget tcccaaagea ctgggattac aggtgtgage
5701 cactgtgece ggceaaatttt tttaccttta cagaaggttt tgcttattta attgtgaget

5761 catttttctt tgttactttt gtccceceag atttggggga caaaataaaa ttaatetttt
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5821 aaaatgtgtc agccatatgt atggggctte catttggget gaggagaaag ttctggaact
5881 agatagtggt catggttata caacatcata aatgcaatta ctgccactga attgtatgtt
5941 ttaaagtggt taaaatgtta agttttatgt tttattacaa tttttaaatg tgtcaaccaa

6001 ctttatagta cataaattat atctcagtaa agctgttaaa taaataaata tagtaaaaat
6061 tttagaacta aaaaaa

[00388] Homo sapiens Arylsulfatase B, variant 1 Genbank Accession No. NP_000037 (SEQ ID NO.
1235)

1 mgprgaaslp rgpgprrlll pvvlplllll llappgsgag asrpphlvil laddlgwndv

61 gfhgsrirtp hldalaaggv lldnyytqpl ctpsrsqllt gryqirtglq hgiiwpcqps
121 cvpldekllp gllkeagytt hmvgkwhlgm yrkeclptrr gfdtyfgyll gsedyysher
181 ctlidalnvt rcaldfrdge evatgyknmy stniftkrai alitnhppek plflylalgs
241 vheplqvpee ylkpydfiqd knrthhyagmv slmdeavgnv taalkssglw nntvfifstd
301 nggqtlaggn nwplrgrkws lweggvrgvg fvaspllkgk gvknrelihi sdwlptlvkl
361 arghtngtkp 1dgfdvwkti segspsprie llhnidpnfv dsspcprnsm apakddsslp
421 eysafntsvh aairhgnwkl ltgypgcgyw fpppsqynvs eipssdpptk tlwlfdidrd
481 peerhdlsre yphivtklls rlgfyhkhsv pvyfpaqdpr cdpkatgvwg pwm

[00389] Homo sapiens alpha galactosidase A Genbank Accession No. NM_000169 (SEQ ID NO.
1236)

1 aaacaataac gtcattattt aataagtcat cggtgattgg tccgeecctg aggttaatct
61 taaaagccca ggttacccge ggaaatttat getgtecggt caccgtgaca atgeagetga
121 ggaacccaga actacatctg ggetgegege ttgegetteg cttectggee ctegtttect
181 gggacatccc tggggctaga geactggaca atggattgge aaggacgect accatggget
241 ggctgeactg ggagegcettc atgtgcaacce ttgactgeca ggaagageca gattectgea
301 tcagtgagaa gctcttcatg gagatggeag agetcatggt ctcagaaggce tggaaggatg
361 caggttatga gtacctctge attgatgact gttggatgge tccccaaaga gattcagaag
421 gcagacttca ggcagaccct cagegcttte ctcatgggat tcgecageta getaattatg
481 ttcacagcaa aggactgaag ctagggattt atgcagatgt tggaaataaa acctgegeag
541 gettcectgg gagttttgga tactacgaca ttgatgecca gacctttget gactggggag
601 tagatctgct aaaatttgat ggttgttact gtgacagttt ggaaaatttg gcagatggtt
661 ataagcacat gtccttggee ctgaatagga ctggcagaag cattgtgtac tectgtgagt
721 ggcctcettta tatgtggecce tttcaaaage ccaattatac agaaatccga cagtactgea
781 atcactggcg aaattttget gacattgatg attcctggaa aagtataaag agtatcttgg
841 actggacatc ttttaaccag gagagaattg ttgatgttgc tggaccaggg ggttggaatg
901 acccagatat gttagtgatt ggcaactttg gectcagetg gaatcageaa gtaactcaga
961 tggcectetg ggctatcatg getgetectt tattcatgte taatgacctc cgacacatca
1021 geectcaage caaagctcte cttcaggata aggacgtaat tgccatcaat caggaccect
1081 tgggcaagca agggtaccag cttagacagg gagacaactt tgaagtgtgg gaacgacctc
1141 tctcaggcett agectgggcet gtagetatga taaaccggea ggagattggt ggaccteget
1201 cttataccat cgcagttgct tccctgggta aaggagtgge ctgtaatect geetgettca
1261 tcacacagct ccteectgtg aaaaggaage taggeticta tgaatggact tcaaggttaa
1321 gaagtcacat aaatcccaca ggcactgttt tgcttcaget agaaaataca atgcagatgt
1381 cattaaaaga cttactttaa aatgtttatt ttattgcc
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[00390] Homo sapiens alpha galactosidase A Genbank Accession No. NP_000160 (SEQ ID NO.
1237)

1 mqlrnpelhl gcalalrfla lvswdipgar aldnglartp tmgwlhwerf menldcqgeep

61 dsciseklfm emaelmvseg wkdagyeylc iddcwmapqr dsegrlqadp qrfphgirgl
121 anyvhskglk lgiyadvgnk tcagfpgsfg yydidaqtfa dwgvdllkfd gcycdslenl
181 adgykhmsla Inrtgrsivy scewplymwp fgkpnyteir qycnhwrnfa diddswksik
241 sildwtsfng erivdvagpg gwndpdmlvi gnfglswnqq vigmalwaim aaplfmsndl
301 rhispqakal lqdkdviain qdplgkqgyq Irqgdnfevw erplsglawa vaminrqgeig
361 gprsytiava slgkgvacnp acfitqllpv krklgfyewt srlrshinpt gtvllglent
421 mgmslkdll

[00391] Homo sapiens alpha-L-iduronidase Genbank Accession No. NM_000203 (SEQ ID
NO.1238)

1 gtcacatggg gtgcgegeee agactcegac ceggageegg aaccggeagt gecageecgaa
61 gceeccgeagt ceccgageac gegtggecat gegtecectg cgeccecgeg cegegetget
121 ggegetectg geetegetee tggeegegee ceeggtggee cecggeegagg ceecgeacct
181 ggtgcatgtg gacgeggece gegegetgtg geeeetgegg cgettetgga ggageacagg
241 cttctgeece cegetgecac acagecagge tgaccagtac gicctcaget gggaccagea
301 gctcaacctc gectatgtgg gegeegtece tcaccgegge atcaageagg tccggacceca
361 ctggcetgetg gagcettgtea ccaccagggg gtecactgga cggggectga getacaactt
421 cacccacctg gacgggtacc tggacctict cagggagaac cagetcctee cagggttiga
481 getgatgggc agegectegg gecacttcac tgactttgag gacaageagce aggtgtttga
541 gtggaaggac ttggtctcca gectggecag gagatacate ggtaggtacg gactggegea
601 tgtttccaag tggaacttcg agacgtggaa tgagecagac caccacgact ttgacaacgt
661 ctccatgacc atgcaaggct tcctgaacta ctacgatgec tgetcggagg gietgegege
721 cgecageece geeetgegge tgggaggece cggegactee ticcacacee caccgegate
781 ccegetgage tggggcectec tgegecactg ccacgacggt accaacttct tcactgggga
841 ggcgggcgtg cggetggact acatctcect ccacaggaag ggtgegegea getecatete
901 catcctggag caggagaagg tcgtcgegea geagatecgg cagctettee ccaagticge
961 ggacaccccc atttacaacg acgaggegga ccegetggtg ggetggteee tgecacagec
1021 gtggagggcg gacgtgacct acgeggecat ggtggtgaag gtcatcgege ageatcagaa
1081 cctgctactg gecaacacca cetecgectt cecctacgeg ctectgagea acgacaatge
1141 cttectgage taccaccege accecttcge gecagegeacg ctcaccgege gettecaggt
1201 caacaacacc cgeceegeege acgtgeaget gttgegeaag ccggtgctea cggecatggg
1261 getgetggeg ctgetggatg aggageaget ctgggecgaa gtgtecgeagg cecgggaccgt
1321 cctggacage aaccacacgg tgggegtect ggecagegee caccgeccee agggeccggc
1381 cgacgecetgg cgegeegegg tgetgateta cgegagegac gacaccegeg ccecaccecaa
1441 ccgcagegte geggtgaccee tgeggetgeg cggggtgeee ceeggeeegg gectggteta
1501 cgtcacgege tacctggaca acgggetetg cagecccgac ggegagigge ggegeetggg
1561 ccggeecgte ttccecacgg cagageagtt ccggegeatg cgegeggetg aggacceggt
1621 ggcegeggeg cecegececect taccecgeegg cggeegectg accetgegee cegegetgeg
1681 gctgecegteg cttttgetgg tgeacgtgtg tecgegecce gagaageege cegggeaggt
1741 cacgcggcte cgegecectge cectgaceca agggeagetg gtictggtet ggteggatga
1801 acacgtgggc tccaagtgec tgtggacata cgagatceag ttctctcagg acggtaagge
1861 gtacaccccg gtcagcagga agecatcgac cttcaaccte tttgtgtica gececagacac
1921 aggtgctgtc tetggetect accgagticg agecctggac tactgggece gaccaggecc
1981 cttcteggac cctgtgeegt acctggaggt cectgtgeca agagggeccce catceccggg
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2041 caatccatga geetgtgetg agecccagtg ggttgeacct ccaccggeag tcagegaget
2101 ggggctgceac tgtgeccatg ctgeccteee atcaccecct ttgeaatata tttttatatt
2161 ttattatttt ctittatatc ttggtaaaaa aaaaaaaaaa aaa

[00392] Homo sapiens alpha-L-iduronidase Genbank Accession No. NP_000194 (SEQ ID NO. 1239)

1 mrplrpraal lallasllaa ppvapaeaph lvhvdaaral wplrrfwrst gfcpplphsq
61 adqyvlswdq glnlayvgav phrgikqvrt hwllelvttr gstgrglsyn fthldgyldl
121 Irengllpgf elmgsasght tdfedkqqvf ewkdlvssla rryigrygla hvskwnfetw
181 nepdhhdfdn vsmtmqgfln yydacseglr aaspalrlgg pgdsthtppr splswgllrh
241 chdgtnfftg eagvrldyis lhrkgarssi sileqgekvva qqirglfpkf adtpiyndea
301 dplvgwslpq pwradvtyaa mvvkviaghq nlllanttsa fpyallsndn aflsyhphpt
361 aqrtltarfq vantrpphvq llrkpvltam gllalldeeq lwaevsqagt vldsnhtvgy
421 lasahrpqgp adawraavli yasddtrahp nrsvavtlr] rgvppgpglv yvtryldngl
481 cspdgewrtl grpviptaeq frrmraaedp vaaaprplpa ggrltlrpal rlpslllvhv
541 carpekppgq vtrlralplt qgqlvlvwsd ehvgskelwt yeiqfsqdgk aytpvsrkps
601 tinlfvispd tgavsgsyrv raldywarpg pfsdpvpyle vpvprgppsp gnp

[00393] Promoter region sequences for arylsulfataseB (ARSB), acid alpha glucosidase (GAA),
glucocerebrosidase (GBA), alpha galactosidase (GLA), iduronate 2-sulfatase (IDS) and alpha-L-
iduronidase (IDUA)

[00394] Arylsulfatase B promoter region, variant 1 (SEQ ID NO: 1240): Gene region ARSB varl;
Chromosome Accession NC 000005.9; and Chromosome Coords, ¢78073031-78072682
>refINT_006713.151:28667041-28667390 Homo sapiens chromosome 5 genomic contig, GRCh37

reference primary assembly:

1>>AGGAGCTGAGGCCTCCAGCCAAGAGCCTTGTGAGTGAGTCAGCTTAAAAGTGGAGCCTG
CAGCCCCACTCAAGTCTTCAGATGACCACAGGCCTGCTTGACAACAATCTCACGAGAGACC
CTGAGCCAGAACCACTGGGCTAAACCACTCCCAGTGTCCTITACCCTCATAGAATGTGTGAAG
TTATGAATGTTTATTGTTTTAAGCTGCTAAGTTTTGGGGTAATTTGTTACGCAGCAATAGAGA
GCTAATACTCTCTTTTACTGTCACTTTGTTTTCACTCCTACCCTTCCTTGACCTCCCTCTAATA
CCTITATTTTATAGTTTATATTCTTAGGGCAATGATTGACAC<< 350

[00395] Arylsulfatase B promoter region, variant 2 (SEQ ID NO: 1241): Gene region ARSB var2;
Chromosome Accession NC 000005.9;and Chromosome Coords, ¢78073622-78073273-
>refINT_006713.15[:c28667981-28667632 Homo sapiens chromosome 5 genomic contig, GRCh37

reference primary assembly:

I>>GCTCACTGCAGCCTCTAACTCCCAGGTTCAAGCTATTCTCCTGCCTCAGCCTCCCAAGTA
GCTGGATTACAGGCATACACCACCACGCCTGGCTATGTTTTGTATTTTTCGTAGAGATAGGG
TTTCACCATGTTGGCCAGGCTGGTCTCAAACTCCTGACCTCAAGTGATCCACCCACTTCAGCT
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TCCCAAAGCACTGGGATTACAGGTGTGAGCCACTGTGCCCGGCAAATTTTTTTACCTTTACA
GAAGGTTTTGCTTATTTAATTGTGAGCTCATTTTTCTITTGTITACTTTTGTCCCCCCAGATTTGG
GGGACAAAATAAAATTAATCTTTTAAAATGTGTCAGCCA<< 350

[00396] Acid alpha glucosidase promoter sequence (SEQ ID NO: 1242) : Gene region GAA;
Chromosome Accession NC_000017.10;and Chromosome Coords, ¢78075005-78075354
refINT_010783.151:43349157-43349506 Homo sapiens chromosome 17 genomic contig, GRCh37

reference primary assembly

1>>CTACGAGCTGCGGGGACCCAGGCCGGGGCAGCGGGGGCCACGCCCCATCTCCGACCCCA
CGGGGACCGGGCCGGGACTGCGCCAGCGGGGGCCTCGCCCCGTCTCTGACCCCAGAGGAAC
CGGCAGCGGGCAGCACGCGTGGGCCTCTCCCCGCGGGACGCCGGACGCGCAGCCAGACGCG
CTCCCCAGGCCCCCTCCGAGAGCGAGGACGCGCCCAGGCCCGCTCTGCCGGAGCCGCCACT
GGGGGGCGTAGCGCGGACGCGCACCCTTGCCTCGGGCGCCTGCGCGGGAGGCCGCGTCACG
TGACCCACCGCGGCCCCGCCCCGCGACGAGCTCCCGCCGGTCACGTG<< 350

[00397] Glucocerebrosidase promoter sequence, alternate promoter (SEQ ID NO: 1243) : Gene
region GBA alt Prom; Chromosome Accession NC_000001.10;and Chromosome Coords, ¢155207676-

155207327 refINT_004487.191:c6696318-6695969 Homo sapiens chromosome 1 genomic contig,
GRCh37 reference primary assembly

I>>CTGTCACCCAGGCTGGAGTGCTGTGGCGCCATCTTCACTCACTGTAACCTCTGCCTCCTG
AGTTCAAGCAATTCTCCTGCCTCAGCCTTCCAAGTAGCTGGGATTATAGGCGCCTGCCACCA
GGCCCAGCTGATTTTTCTATTTTTAGTAGAGACGGGGTTTCGCCAGGCTGTTCTCGAACTCCT
GAACTCAAGTGATCCACCTGCCTCGGCTTCCCAAAGTGCTGGGATTACAGGTGTGAGCCACC
ACACCCAGCTGGTCTGGTCCACTTTCTTGGCCGGATCATTCATGACCTTTCTCTTGCCAGGTT
CCTGGATGCCTATGCTGAGCACAAGTTACAGTTCTGGGCA<< 350

[00398] Glucocerebrosidase promoter sequence (SEQ ID NO: 1244) Gene region GBA; Chromosome
Accession NC_000001.10;and Chromosome Coords, ¢155204242-155203893
refINT_004487.191:c6692884-6692535 Homo sapiens chromosome 1 genomic contig, GRCh37 reference

primary assembly

I>>GTCAGTGTGAGTGGCTTTATTCTGGGTGGCAGCACCCCGTGTCCGGCTGTACCAACAACG
AGGAGGCACGGGGGCCTCTGGAATGCATGAGAGTAGAAAAACCAGTCTTGGGAGCGTGAGG
ACAAATCATTCCTCTTCATCCTCCTCAGCCATGCCCAGGGTCCGGGTGCCTGGGGCCCGAGC
AGGCGTTGCCCGCTGGATGGAGACAATGCCGCTGAGCAAGGCGTAGCCCACCATGGCTGCC
AGTCCTGCCAGCACAGATAGGATCTGGTTCCGGCGCCGGTATGGCTCCTCCTCAGTCTCTGG
GCCTGCTGGTGTCTGGCGTTGCGGTGGTACCTCAGCTGAGGGTC<< 350
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[00399] Acid Alpha Glucosidase promoter sequence (SEQ ID NO: 1245) Gene region GLA;
Chromosome Accession NC000023.10;and Chromosome Coords, ¢100652778-100652429
refINT_011651.171:c23949086-23948737 Homo sapiens chromosome X genomic contig, GRCh37

reference primary assembly

I>>AACTACTACTTCCTGTCCACCTTTTTCTCCATTCACTTTAAAAGCTCAAGGCTAGGTGGCT
CATGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGCAGATCACCTGAGGTCGGGACTT
TGAGACCCGCCTGGACAACATGGTGAAACCCCATTTCTAATAAAAATATAAAAATTAGCCA
GGTGTGGTGGCGCACGCCTGTGGTCCCAGCTACTCTGGGGGCTGAGGCATGAGAATCGCTTG
AACCCGGGAGGTGGAGGTTGCATTGAGCTGAGATCATGCCACCTCACTCCAGCCTGGGCAA
CAAAGATTCCATCTCAAAAAAAAAAAAAAAAGCCAGGCACAGT<< 350

[00400] Iduronate 2-sulfatase promoter sequence (SEQ ID NO: 1246) Gene regionlDS;
Chromosome Accession NC000023.10;and Chromosome Coords, ¢c148559948-148560297
refINT_011681.161:5002624-5002973 Homo sapiens chromosome X genomic contig, GRCh37 reference

primary assembly

1>>AAAAAAAAAAATTAATGAAGCAGGGCTGTGCAGCCATTACAGCTGTTAATCAAGAACTG
TCAATGACATAAAAAACCAAGCTAACATTGTGTTAGATCAAAAAAACAAGATATAGATTAT
ATGTGGTAGTCTGCATGTATGTAAAGCTAAATATGTCCATATCTGCATATATGTCTTTAGGCA
GGTAAAAGAATGAAAGGAAATATACAAATGTCAGCAGTGGGTATGTCTCAAATGCTGGGCT
TCTTTTCATCTCCAGTTTTCACATGTTCCAGATTTTATGCAATGAGCATATATTACTCTGATAA
TGGGGTGGAGAGACACAGTAAGCATAAAACCAAACCCCAAAC<< 350

[00401] Alpha-L-iduronidase promoter sequence (SEQ ID NO: 1247) Gene regionIDUA,;
Chromosome Accession NC_000004.11;and Chromosome Coords, c980435-
980784refINT_037622.51:970435-970784 Homo sapiens chromosome 4 genomic contig, GRCh37

reference primary assembly

1>>CTCAGGAGGCTGGGGTGAGAAAATCGCTGAAGCCCCGGAGATGGAGGTTGCAGTGAGCT
GAGATCGCGCCACTGCACCTCAGCCTGGGCGACAAAGCAAGACTCTGTCTCAAAAACACAC
AAAAACAGAGAAAAACAAGACAGTAATGGCTCAACTCACATAGCACCAACGGGCGAAGCG
TTCTTCTGAGCGCTTTCCGAGTCATCGGTCCTCAGAGCAGCCCCTGAGGCCCGCAAGGAAGC
GGGGCTCCAAGCCCTGCCGTGCTCCCGGCTCCCCGAGGCTCCCCGAGGCCACCCAACCCCTC
CCACCCGGCCATCGCCCCCTCACCAAGGCCCCGCCCCGCGGCEGCG<< 350
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CLAIMS
‘What is claimed is:

1. A method of producing a polypeptide with a modified glycosylation pattern at an N-linked
glycosylation site, the method comprising:

(a) culturing a cell comprising a polypeptide to be modified in the presence of at least one RNA
effector molecule that inhibits expression of a gene product involved in protein glycosylation such that at
least one polypeptide N-linked glycosylation site is modified to have a terminal mannose, and wherein the
cell is cultured under conditions permitting glycosylation and for a sufficient time to allow expression of
the polypeptide to be modified; and

(b) isolating the polypeptide,

wherein the polypeptide produced by step (a) comprises a terminal mannose in at least one N-

linked glycosylation site, thereby producing a polypeptide with a modified glycosylation pattern.

2. The method of claim 1, further comprising culturing the cell with an RNA effector molecule that

inhibits expression of the mannose 6 phosphate receptor.

3. The method of any of claims 1-2, wherein at least two N-linked glycosylation sites are modified.
4. The method of any of claims 1-3, wherein at least three N-linked glycosylation sites are modified.
5. The method of any of claims 1-4, wherein at least four N-linked glycosylation sites are modified.
6. The method of any of claims 1-5, wherein the modified N-linked glycosylation site comprises an

oligomannosyl structure.
7. The method of claim 6, wherein the modified N-linked glycosylation site consists of an
oligomannosyl structure selected from the group consisting of: Man,GlcNAc,, Man;GIcNAc,,

Man,GlcNAc,, Mans GlcNAc,, MansGIcNAc,, Man;GlcNAc,, MangGlcNAc,, and ManyGIlcNACc,.

8. The method of any of claims 1-7, wherein the polypeptide comprises 2, 3,4, 5, 6,7, 8, 0r 9

terminal mannoses in the at least one N-linked glycosylation site.
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9. The method of any of claims 1-8, wherein the gene product that is inhibited is selected from the
group consisting of: Mgatl, Mgat4, SLC35A1, SLC35A2, and GNE.

10. The method of any of claims 1-9, wherein the polypeptide binds a mannose receptor present on
macrophages.
11. The method of any of claims 1-10, wherein the polypeptide is secreted from the cell.

12. The method of any of claims 1-11, wherein the at least one RNA effector molecule is an siRNA.

13. The method of claim any of claims 1-12, wherein the at least one RNA effector molecule
comprises

(a) a sense strand comprising a sequence selected from the group consisting of: SEQ ID NO. 1-33,
SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and SEQ ID NO. 257-282; and

(b) a complementary anti-sense strand comprising a sequence selected from the group consisting
of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-256 and SEQ ID
NO. 283-308.

14. The method of any of claims 1-13, wherein step (a) is performed by adding the RNA effector

molecule to a culture medium used to produce the polypeptide.

15. The method of claim 14, wherein the RNA effector molecule is added in combination with a

reagent that facilitates RNA effector molecule uptake into the cell.

16. The method of any of claims 1-15, wherein the polypeptide is used in treatment of a lysosomal

storage disease.

17. The method of claim 16, wherein the polypeptide is selected from the group consisting of:

glucocerebrosidase, idursulfase, alglucosidase alfa, galsulfase, agalsidase beta, and laronidase.

18. The method of claim 17, wherein the polypeptide comprises at least one mutation.

19. The method of any of claims 1-18, wherein the polypeptide is glucocerebrosidase.
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20. The method of claim 19, wherein the glucocerebrosidase comprises an arginine to histidine

mutation at amino acid 495.

21. The method of any of claims 1-20, wherein two or more RNA effector molecules are cultured

with the cell.

22. An isolated polypeptide comprising a modified mannosylation pattern produced by the method of

claim 1, wherein the polypeptide comprises a terminal mannose at at least one N-linked glycosylation site.

23. The polypeptide of claim 22, wherein the polypeptide lacks a mannose phosphate group.

24. The polypeptide of any of claims 22-23, wherein the polypeptide has a reduced affinity for the

mannose 6 phosphate receptor.

25. The polypeptide any of claims 22-24, wherein at least two N-linked glycosylation sites are

modified.

26. The polypeptide of any of claims 22-25, wherein at least three N-linked glycosylation sites are

modified.

27. The polypeptide of any of claims 22-26, wherein at least four N-linked glycosylation sites are

modified.

28. The polypeptide of any of claims 22-27, wherein the modified N-linked glycosylation site

comprises an oligomannosyl structure.

29. The polypeptide of any of claims 22-28, wherein the modified N-linked glycosylation site
consists of an oligomannosyl structure selected from the group consisting of: Man,GlcNAc,,
Man;GlecNAc,, Man,GlcNAc,, Mans GIcNAc,, MangGlcNAc,, Man;GlcNAc,, MangGIlcNAc,, and
ManoGIcNAC,.

30. The polypeptide of any of claims 22-29, wherein the polypeptide comprises 2, 3,4, 5, 6,7, 8, or 9

terminal mannoses in the at least one N-linked glycosylation chain.
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31. The polypeptide of any of claims 22-30, wherein the polypeptide binds a mannose receptor

present on macrophages.

32. The polypeptide of any of claims 22-31, wherein the polypeptide is secreted from the cell.

33. The polypeptide of any of claims 22-32, wherein the polypeptide is used in treatment of

lysosomal storage disease.

34. The polypeptide of claim 33, wherein the polypeptide is selected from the group consisting of:

glucocerebrosidase, idursulfase, alglucosidase alfa, galsulfase, agalsidase beta, and laronidase.

35. The polypeptide of any of claims 22-34, wherein the polypeptide comprises at least one mutation.

36. The polypeptide of any of claims 22-35, wherein the polypeptide is glucocerebrosidase.

37. The polypeptide of claim 36, wherein the glucocerebrosidase comprises an arginine to histidine

mutation at amino acid 495.

38. An isolated mammalian host cell, in which the mRNA expression of a target gene selected from
the group consisting of: Mgatl, Mgat4, SLC35A1, SLLC35A2, and GNE is inhibited by RNA interference,
wherein when a gene encoding a polypeptide is introduced into the host cell and expressed, the host cell
produces a polypeptide comprising the encoded polypeptide molecule which contains a terminal mannose
in at least one glycosylation chain, said polypeptide having increased affinity for the mannose receptor
when compared with the polypeptide produced in the presence of Mgatl, Mgat4, SLC35A1, SLC35A2,

or GNE expression, thereby producing a polypeptide with increased macrophage internalization.

39, The host cell of claim 38, wherein the cell is a CHO cell.

40. The host cell of any of claims 38-39, wherein the polypeptide is used to treat a lysosomal storage

disease.
41. The host cell of any of claims 38-40, wherein the polypeptide is selected from the group

consisting of: glucocerebrosidase, idursulfase, alglucosidase alfa, galsulfase, agalsidase beta, and

laronidase.

162



WO 2011/109600 PCT/US2011/026994

42. The host cell of claim 41, wherein the polypeptide comprises at least one mutation.

43. The host cell of any of claims 38-42, wherein the polypeptide is glucocerebrosidase.

44. The host cell of claim 43, wherein the glucocerebrosidase comprises an arginine to histidine

mutation at amino acid 495.

45. The host cell of any of claims 38-44, wherein the polypeptide is introduced with an expression
vector.

46. The host cell of any of claims 38-45, wherein the cell is cultured in suspension.

47. The host cell of any of claims 38-46, wherein the cell is cultured in a bioreactor.

48. The host cell of claim 46 or 47, wherein the cell is cultured in a volume selected from the group

consisting of 0.1L, 0.5L, 1L, 5L, 40L, 500L, 5000L, and 50,000L.

49. The host cell of any of claims 38-48, wherein the polypeptide is secreted from the cell.

50. The host cell of any of claims 38-49, wherein at least two N-linked glycosylation sites of the
polypeptide are modified.

51. The host cell of any of claims 38-50, wherein at least three N-linked glycosylation sites of the
polypeptide are modified.

52. The host cell of any of claims 38-51, wherein at least four N-linked glycosylation sites of the
polypeptide are modified.

53. The host cell of any of claims 38-52, wherein the modified N-linked glycosylation site of the

polypeptide comprises an oligomannosyl structure.

54. The host cell of any of claims 38-53, wherein the modified N-linked glycosylation site of the

peptide comprises a glycosylation chain selected from the group consisting of: Man,GlcNAc,,
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Mans;GleNAc,, MansGleNAc,, Mans GIcNAc,, MangGlcNAc,, Man;GlcNAc,, MangGlcNAc,, and

ManoGleNAGc,.

55. The host cell of any of claims 38-54, wherein the polypeptide comprises 2, 3,4, 5,6,7,8,0r 9

terminal mannoses at the at least one N-linked glycosylation site.

56. The host cell of any of claims 38-55, wherein the polypeptide binds a mannose receptor present

on macrophages.

57. The host cell of any of claims 38-56, wherein the mRNA expression of the target gene is

transiently inhibited.

58. The host cell of claim 57, wherein the mRNA expression is transiently inhibited by contacting the

cell with at least one RNA effector molecule.

59. The host cell of any of claims 38-58, further comprising adding a reagent that facilitates RNA

effector molecule uptake into the cell.

60. The host cell of any of claims 38-59, wherein the at least one RNA effector molecule comprises
an siRNA.
61. The host cell of any of claims 38-60, wherein the at least one RNA effector molecule comprises

(a) a sense strand comprising a sequence selected from the group consisting of: SEQ ID NO. 1-33,
SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and SEQ ID NO. 257-282; and

(b) a complementary anti-sense strand comprising a sequence selected from the group consisting
of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-256 and SEQ ID
NO. 283-308.

62. The host cell of claim 58, wherein two or more RNA effector molecules are cultured with the cell.

63. A composition comprising at least one RNA effector molecule comprising a nucleic acid

sequence complementary to at least one target gene of a host cell, wherein the RNA effector molecule is

capable of modulating mannosylation patterns at an N-linked glycosylation site of a polypeptide produced
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in the host cell, and wherein the target gene is selected from the group consisting of: Mgatl, Mgat4,
SLC35A1, SLC35A2, and GNE.

64. The composition of claim 63, wherein the at least one RNA effector molecule comprises a duplex
region.
65. The composition of any of claims 63-64, wherein the at least one RNA effector molecule is 15-30

nucleotides in length.

66. The composition of any of claims 63-65, wherein the at least one RNA effector molecule is 17-28

nucleotides in length.

67. The composition of any of claims 63-66, wherein the at least one RNA effector molecule

comprises a modified nucleotide.

68. The composition of any of claims 63-67, wherein the at least one RNA effector molecule
comprises

(a) a sense strand comprising a sequence selected from the group consisting of: SEQ ID NO. 1-33,
SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and SEQ ID NO. 257-282; and

(b) a complementary anti-sense strand comprising a sequence selected from the group consisting
of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-256 and SEQ ID
NO. 283-308.

69. The composition of any of claims 63-68, further comprising an RNA effector molecule that

inhibits expression of the mannose 6 phosphate receptor.

70. An isolated polypeptide that comprises a terminal mannose in at least one N-linked glycosylation
site, wherein the glycosylation pattern of the isolated polypeptide has not been modified enzymatically to
contain the terminal mannose.

71. The isolated polypeptide of claim 70, wherein the polypeptide is glucocerebrosidase.

72. A composition comprising a dsRNA for inhibiting expression of a target gene selected from the

group consisting of: Mgatl, Mgat4, SLC35A1, SLLC35A2, and GNE, the dsRNA comprising
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(a) a sense strand comprising a sequence selected from the group consisting of: SEQ ID NO. 1-33,

SEQ ID NO. 67-94, SEQ ID NO. 123-154, SEQ ID NO. 187-221, and SEQ ID NO. 257-282; and

(b) a complementary anti-sense strand comprising a sequence selected from the group consisting
of SEQ ID NO. 34-66, SEQ ID NO. 95-122, SEQ ID NO. 155-186, SEQ ID NO. 222-256 and SEQ ID
NO. 283-308.
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group consisting of: Mgat1, Mgat4, SLC35A1, SLC35A2, and GNE is inhibited by RNA interference, and wherein a gene encoding a
polypeptide is introduced into the host cell is expressed, the host cell produces a polypeptide comprising the a terminal mannose in at
least one glycosylation chain, said polypeptide having increased affinity for the mannose receptor, thereby producing a polypeptide with
increased macrophage intemalization.

Group HlI: claims 63-65 and 72, directed to a composition comprising at least one RNA effector molecule comprising a nucleic acid
sequence complementary to at least one target gene of a host cell, wherein the target gene is selected from the group consisting of:
Mgatl, Mgatd, SLC35A1, SLC35A2, and GNE; wherein the RNA effector molecule is capable of modulating mannosylation pattems at an
N-linked glycosylation site of a polypeptide produced in the cell.
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(a) culturing a cell comprising a polypeptide to be modified in the presence of at least one RNA effector molecule that inhibits expression
of a gene product involved in protein glycosylation ([0022}-[0024] and [0184]), such that at least one polypeptide N-linked glycosylation
site is modified to have a terminal mannose (para [0012], [0022]-[0024] and [0184]), and wherein the cell is cultured under conditions
permitting glycosylation and for a sufficient time to allow expression of the polypeptide to be modified (para [0020]); and

(b) isolating the polypeptide (para [0020]), wherein the polypeptide produced by step (a) comprises a terminal mannose in at least one N
-linked glycosylation site (para [0012]), thereby producing a polypeptide with a modified glycosylation pattern (para [0012], [0020] and
{0024]). Groups |} and |l share a further common technical element of being related to RNA inhibtion of a target gene selected from the
group consisting of: Mgatl, Mgat4, SLC35A1, SLC35A2, and GNE. This common technical element does not represent an improvement
over the prior art of US 2005/0267050 A1 to Simantov et al., which discloses wherein mGAT1 and mGAT4 are GABA transporters (para
[0031]), and wherein "double-stranded RNAs (dsRNAs) are used for reducing the expression of GABA transporters using RNA
interference mechanism (para [0066]). Therefore, the inventions of Groups 1 - IV lack unity of invention under PCT Rule 13 because
they do not share a same or corresponding special technical feature.
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