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METHODS AND COMPOSITIONS FOR MODULATING SIALIC ACID PRODUCTION
AND TREATING HEREDITARY INCLUSION BODY MYOPATHY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to, and incorporates by reference, U.S.

provisional patent application serial number 60/900,034, filed February 7, 2007.

FIELD OF THE INVENTION

[0002] The field of the present invention relates to methods and compositions for
modulating sialic acid production in a system. The field of the present invention further
relates to methods and compositions for treating and/or preventing Hereditary Inclusion

Body Myopathy and/or symptoms thereof.

BACKGROUND OF THE INVENTION

[0003] Hereditary Inclusion Body Myopathy (HIBM2) is a chronic progressive
skeletal muscle wasting disorder, which generally leads to complete disability before the
age of 50 years. There is currently no effective therapeutic treatment for HIBM2.
Development of this disease is related to expression in family members of an autosomal
recessive mutation of the GNE gene, which encodes the bifunctional enzyme UDP-
GIcNAc 2-epimerase / ManNAc kinase (GNE/MNK). This is the rate-limiting bifunctional
enzyme that catalyzes the first 2 steps of sialic acid biosynthesis. Decreased sialic acid
production consequently leads to decreased sialyation of a variety of glycoproteins,
including the critical muscle protein alpha-dystroglycan (a-DG). This in turn severely

cripples muscle function and leads to the onset of the syndrome.
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SUMMARY OF THE INVENTION

[0004] According to certain embodiments of the present invention, methods for
modulating the production of sialic acid in a system are provided, which comprise
providing the system with a wild-type GNE-encoding nucleic acid sequence. According
to such embodiments, the system may comprise a cell, muscular tissue, or other
desirable targets. Similarly, the present invention encompasses methods for
introducing and expressing wild-type GNE in a system that comprises a mutated
endogenous GNE-encoding sequence. In other words, the present invention includes
providing, for example, a cell or muscular tissue that harbors a mutated (defective)

GNE-encoding sequence with a functional wild-type GNE encoding sequence.

[0005] According to additional embodiments of the present invention, methods for
treating, preventing, and/or ameliorating the effects of Hereditary Inclusion Body
Myopathy are provided. Such methods generally comprise providing a patient with a
wild-type GNE-encoding nucleic acid sequence. The wild-type GNE-encoding nucleic
acid sequence may, optionally, be delivered to a patient in connection with a lipid

nanoparticle, either via muscular injection or intravenous administration.

[0006] According to yet further embodiments of the invention, novel compositions
are provided for expressing wild-type GNE in a system. The compositions preferably
include a wild-type GNE-encoding nucleic acid sequence disposed within or connected
to a lipid nanoparticle. The lipid nanoparticle may, optionally, be decorated with agents
that are capable of recognizing and binding to muscle cells, muscle tissue, or

components of the foregoing.



WO 2008/097623 PCT/US2008/001650

BRIEF DESCRIPTION OF THE FIGURES

[0007] The file of this patent application contains at least one drawing executed in
color. Copies of this patent with color drawing(s) will be provided by the United States

Patent and Trademark Office upon request and payment of the necessary fee.

[0008] Figure 1: is a diagram of the pUMVC3-GNE expression vector described
herein.
[0009] Figure 2: is a diagram that shows a sequence alignment of GNE wt

(NB8), M712T (MB18), and R266Q (R266Q). The original DNA sequence was

converted into an amino acid sequence to illustrate the mutations located therein.

[0010] Figure 3: is an image of a gel that shows GNE expression in CHO-Lec3
cells grown in 10% serum. Lane 1: untreated Lec3 cells. Lane 2: wt GNE. Lane 3:

M712T GNE. Lane 4: R266Q GNE.

[0011] Figure 4: is an image of a Western blot that shows GNE expression in
CHO-Lec3 cell lines. Lanes 1-4: CHO-Lec3 cells grown in 10% FBS. Lanes 5-8: CHO-
Lec3 cells grown in 2.5% FBS. Lanes 1 and 5: Untreated Lec3 cells. Lanes 2 and 6: wt

GNE. Lanes 3 and 7: M712T GNE. Lanes 4 and 8: R266Q GNE.

[0012] Figure 5: is an image of a gel that shows GNE mRNA is expressed in
transfected CHO-Lec3 cells, but not in control cells. Lanes 1-4 contain 15 pl of serial
diluted pUMVC3-GNE-wt PCR product, which was used to quantitate the amount of
GNE mRNA present in the Lec3 samples. Lanes 5-6 contain 15 pul of the PCR product

from transfected or untransfebted Lec3 cells.
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[0013] Figure 6: is a bar graph that shows that sialic acid production is
stimulated by GNE expression in CHO-Lec3 cells cultivated in the presence of 2.5%
FBS. In comparison to untreated Lec3 cells (“blank™), sialic acid production was
significant greater following GNE-wt (p = 0.0157) transfection. GNE-R266Q (p =

0.0566) and GNE-M712T (p = 0.0708) approached significance.

[0014] Figure 7: is a table that summarizes the toxicological studies described

herein involving intramuscular injections of GMP DNA complexes.

[0015] Figure 8: is a table that summarizes the toxicological studies described

herein involving intravenous injections of GMP DNA complexes.

[0016] Figure 9: is a line graph that summarizes the toxicological studies

described herein involving intravenous injections of GMP DNA complexes.

[0017] Figure 10: is a line graph summarizing the survival rate of mice provided

with intramuscular injections of GMP-GNE in Plasma-Lyte®.

[0018] Figure 11: is a line graph summarizing the survival rate of mice provided

with intravenous injections of GMP-GNE in Plasma-Lyte®.

[0019] Figure 12: is a line graph summarizing the survival rate of mice provided

with intravenous injections of GMP-GNE in water.

[0020] Figure 13: is a bar graph that summarizes GNE expression in muscle
tissue among three different groups of mice provided with varying amounts of GNE-

encoding DNA. Each group included two different mice.
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[0021] Figure 14: is an image of a gel showing GNE mRNA derived from mice

injected with the GNE-encoding sequences described herein.

BRIEF DESCRIPTION OF THE SEQUENCE LISTING

[0022] SEQ ID NO: 1 - 6 are the nucleic acid sequences of the PCR primers

listed in Table-1 below.

[0023] SEQ ID NO: 7 - 8 are GNE-specific PCR primers.

[0024] SEQ ID NO: 9 is the nucleic acid sequence of the PUMVC3-wt-DNA

construct described herein and shown in Figure 1.

[0025] SEQ ID NO: 10 is the GNE-encoding sequence contained within the

PUMVC3-wt-DNA construct.

[0026] SEQ ID NO: 11 is the wild-type amino acid sequence of GNE.

[0027] SEQ ID NO: 12 is the modified nucleic acid sequence for GNE-R266Q.
[0028] SEQ ID NO: 13 is the modified amino acid sequence for GNE-R266Q.
[0029] SEQ ID NO: 14 is the mutated nucleic acid sequence for GNE-M712T (a

mutation that causes HIBM2).

[0030] SEQ ID NO: 15 is the mutated amino acid sequence for GNE-M712T (a

mutation that causes HIBM2).
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DETAILED DESCRIPTION OF THE INVENTION

[0031] According to certain embodiments of the present invention, methods for
modulating the production of sialic acid in a system are provided. The methods
generally comprise providing the system with a wild-type GNE-encoding nucleic acid
sequence. The wild-type GNE-encoding nucleic acid sequence may, preferably,
comprise a promoter operably connected thereto. The promoter will preferably be
functional and capable of driving the expression of the GNE-encoding nucleic acid
sequence in the target cell (or target extra-cellular space). A non-limiting example of a
promoter that may be operably connected to a GNE-encoding sequence is the CMV
promoter, which is shown to be operably connected to the wild-type GNE-encoding

nucleic acid sequence of the PUMVC3-wt-DNA construct (Figure 1).

[0032] As used herein, the terms “GNE-encoding nucleic acid sequence,” “wild-
type GNE-encoding sequence,” “GNE-encoding sequence,” and similar terms refer to a
nucleic acid sequence that encodes the wild-type bifunctional enzyme UDP-GIcNAc 2-
epimerase / ManNAc kinase (GNE/MNK), which is represented by the amino acid
sequence of SEQ ID NO: 11. A GNE-encoding sequence may only include a nucleic
acid sequence that encodes the wild-type form of GNE, such as SEQ ID NO: 10.
Alternatively, the GNE-encoding sequence may comprise the nucleic acid sequence
that encodes the wild-type form of GNE, along with other transcriptional control
elements, such as a promoter, termination sequence, and/or other elements. A non-
limiting example of such a GNE-encoding sequence is the pUMVC3 GNE construct

shown in Figure 1, which consists of the nucleic acid sequence of SEQ ID NO: 9.
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[0033] The terms “GNE-encoding nucleic acid sequence,” “wild-type GNE-
encoding sequence,” “GNE-encoding sequence,” and similar terms are further meant to
include a nucleic acid sequence which, by virtue of the degeneracy of the genetic code,
is not identical with that shown in any of the sequences shown in the Sequence Listing
appended hereto, but which still encodes the amino acid sequence of the wild-type GNE
(SEQ ID NO: 11), or a modified nucleic acid sequence that encodes a different amino
acid sequence, provided that the resulting GNE protein retains substantially the same
(or even an improved) activity of the wild-type GNE protein. A non-limiting example of
such a modified GNE protein includes the GNE isoform R266Q described herein (SEQ
ID NO: 13). That is, modifications to a GNE-encoding sequence that alter the amino
acid sequence of the wild-type GNE protein in such a way that one amino acid is
replaced with a similar amino acid are encompassed by the present invention, as well
as other modifications which do not substantially negatively affect GNE activity because
the change (whether it be substitution, deletion or insertion) does not negatively affect

the active site of the GNE protein.

[0034] As used herein, the term “system” refers to any biological system that is
capable of receiving a GNE-encoding sequence described herein, including any type of
cell or biological organism. In addition, a “system” may further include an intercellular

space within a biological organism.

[0035] According to certain embodiments of the invention, the GNE-encoding
sequence may be disposed in or connected to an appropriate carrier or delivery vehicle.

Various strategies may be employed to deliver the GNE-encoding sequences described
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herein into target cells, including the use of lipid carriers (lipid nanoparticles), viral
vectors, biodegradable polymers, polymer microspheres (e.g., 50 nm or smaller), and

various conjugate systems and related cytofectins.

[0036] The use of liposomes or other particle forming compositions is a preferred
delivery vehicle for the GNE-encoding sequences described herein. Liposomes are
attractive carriers insofar as they protect biological molecules, such as the GNE-
encoding sequences described herein, from degradation while improving cellular
uptake. One of the most commonly used classes of liposome formulations for delivering

polyanions (e.g., DNA) is that which contains cationic lipids.

[0037] Lipid aggregates may be formed with macromolecules using cationic lipids
alone or including other lipids and amphiphiles, such as phosphatidylethanolamine. Itis
well-known in the art that both the composition of the lipid formulation, as well as its
method of preparation, have an effect on the structure and size of the resultant anionic
macromolecule-cationic lipid aggregate. These factors can be modulated to optimize

delivery of polyanions to specific cell types in vitro and in vivo.

[0038] The use of cationic lipids for cellular delivery of the GNE-encoding
compositions described herein has several advantages. The encapsulation of anionic
compositions using cationic lipids is essentially quantitative due to electrostatic
interaction. In addition, it is believed that the cationic lipids interact with the negatively

charged cell membranes, thereby initiating cellular membrane transport.

[0039] Experiments have shown that plasmid DNA may be encapsulated in small

particles, which generally consist of a single plasmid encapsulated within a bilayer lipid
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vesicle (Wheeler, et al., 1999, Gene Therapy 6, 271-281). These particles often contain
the fusogenic lipid dioleoylphosphatidylethanolamine (DOPE), low levels of a cationic
lipid, and can be stabilized in aqueous media by the presence of a poly(ethylene glycol)

(PEG) coating.

[0040] These lipid particles have systemic applications, as they exhibit extended
circulation lifetimes following intravenous (i.v.) injection, can accumulate preferentially in
various tissues and organs due to the enhanced vascular permeability in such regions,
and can be designed to escape the lyosomic pathway of endocytosis by disruption of
endosomal membranes. These properties can be useful in delivering biologically active
molecules, such as GNE-encoding sequences, to various cell types for experimental
and therapeutic applications, such as to muscle tissue cells. Various lipid nucleic acid
particles and methods of preparation thereof are described in U.S. Patent Application
Publication Nos. 2008-0020058, 2003-0077829, 2003-0108886, 2006-0051405, 2006-
0083780, 2003-0104044, 2006-0051405, 2004-0142025, 2006-00837880, 2005-
0064595, 2005-0175682, 2005-0118253, 2005-0255153 and 2005-0008689; and U.S.
Pat. Nos. 5,885,613; 6,586,001; 6,858,225; 6,858,224; 6,815,432; 6,586,410;
6,534,484, and 6,287,591, all of which are incorporated herein by reference in their

entirety.

[0041] The invention provides that the GNE-encoding sequences, and/or the
associated delivery vehicles used therewith, may be targeted towards specific cell
types, for example, muscle cells, muscle tissue, and the like. For example, the

liposomal nanoparticles can be directed to bind to cell surfaces by a number of specific
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interactions. This binding facilitates the uptake of the DNA into the cell by one of
several well understood cell entry pathways. Rapid sequestration of the nanoparticles
(e.g., liposomes) by these interactions reduces their time in the peripheral circulation,
thereby decreasing the likelihood of degradation and nonspecific uptake. General
targeting agents include, but are not limited to, transferrin (Trf) which binds to the
transferrin receptor (TrfR) on a cell surface - or using an antibody (or a derivative
thereof) that binds to the TrfR on the cell surface. Muscle has a relatively high
proportion of TrfR on its cell surfaces. Another target for sequestration is the epidermal
growth factor receptor (EGFR), which is prevalent on the surface of muscle cells and
other epitheleoid cell types. Erbitux (an EGFR monoclonal antibody approved for
human use) is an exemplary agent for EGFR-targeting, which may also be used to
decorate the liposomal nanoparticles described herein. Additional targeting moieties
can be, but are not limited to, lectins or small molecules (peptides or carbohydrates)
which recognize and bind to specific targets found only on (or are more restricted to)
muscle cells. The advantage of smaller (and possibly higher affinity) molecules is that

they could be present at a higher density on the surface of the nanoparticles employed.

[0042] The GNE-encoding sequences described herein, which preferably are
used and delivered to a system in connection with an appropriate delivery vehicle (such
as a liposome or lipid nanoparticle), may be administered to a system using any of
various well-know techniques. For example, in the case of a mammal, the GNE-
encoding sequences may be administered to a mammal via parenteral injection. The
term “parenteral,” as used herein, includes subcutaneous, intracutaneous, intravenous,

intramuscular, intraarticular, intraarterial, intrasynovial, or infusion techniques.

10
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[0043] The GNE-encoding sequences and related compositions may contain any
conventional non-toxic pharmaceutically-acceptable carriers, adjuvants or vehicles. In
some cases, the pH of the formulation may be adjusted with pharmaceutically
acceptable acids, bases or buffers to enhance the stability of the formulated
composition or its delivery form. For example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a
sterile injectable solution, suspension or emulsion in a nontoxic parenterally acceptable
diluent or solvent. -Among the acceptable vehicles and solvents that may be employed
are water, Ringer's solution, U.S.P. and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For
this purpose, any bland fixed oil may be employed, including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid may be used in the preparation

of injectables.

[0044] According to certain embodiments, a Plasma-Lyte® carrier may be
employed and used to deliver a GNE-encoding sequence, particularly for parenteral
injection. (Baxter Laboratories, Inc., Morton Grove, lllinois). Plasma-Lyte® is a sterile,
non-pyrogenic isotonic solution that may be used for intravenous administration. Each
100 mL volume contains 526 mg of Sodium Chloride, USP (NaCl); 502 mg of Sodium
Gluconate (CegH11NaO-); 368 mg of Sodium Acetate Trihydrate, USP (C2H3NaO2+3H20);
37 mg of Potassium Chloride, USP (KCI); and 30 mg of Magnesium Chloride, USP
(MgCl»*6H20). It contains no antimicrobial agents. The pH is preferably adjusted with

sodium hydroxide to about 7.4 (6.5 to 8.0).

11
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[0045] The injectable formulations used to deliver GNE-encoding sequences may
be sterilized, for example, by filtration through a bacterial-retaining filter, or by
incorporating sterilizing agents in the form of sterile solid compositions, which can be
dissolved or dispersed in sterile water, Plasma-Lyte® or other sterile injectable medium

prior to use.

[0046] In order to prolong the expression of a GNE-encoding sequence within a
system (or to prolong thé effect thereof), it may be desirable to slow the absorption of
the composition from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material
with poor water solubility. The rate of absorption of the composition may then depend
upon its rate of dissolution, which, in turn, may depend upon crystal size and crystalline

form.

[0047] Alternatively, delayed absorption of a parenterally administered GNE-
encoding sequence may be accomplished by dissolving or suspending the composition
in an oil vehicle. Injectable depot forms may be prepared by forming microencapsule
matrices of the GNE-encoding sequence in biodegradable polymers such as
polylactide-polyglycolide. Depending upon the ratio of GNE-encoding sequence
material to polymer and the nature of the particular polymer employed, the rate of GNE-
encoding sequence release can be controlled. Examples of other biodegradable
polymers include poly(orthoesters) and poly(anhydrides). As described above, depot

injectable formulations may also be prepared by entrapping the GNE-encoding

12
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sequence in liposomes (or even microemulsions) that are compatible with the target

body tissues, such as muscular tissue.

[0048] In addition to methods for modulating the production of sialic acid in a
system, the present invention further encompasses methods for producing wild-type
GNE in a system. According to such embodiments, the system (e.g., the muscle cells
of a human patient) may comprise a mutated endogenous GNE-encoding sequence
(e.g., the GNE-M712T sequence of SEQ ID NO: 14). In other words, the present
invention includes providing, for example, a cell or muscular tissue that harbors a
mutated (defective) GNE-encoding sequence with a functional wild-type GNE encoding
sequence. The wild-type GNE encoding sequence may be delivered to such a system
using, for example, the liposomes or lipid nanoparticles described herein, via parenteral

injection.

[0049] According to additional related embodiments of the present invention,
methods for treating, preventing, and/or ameliorating the effects of Hereditary Inclusion
Body Myopathy (HIBM2) are provided. Such methods generally comprise providing a
patient with a therapeutically effective amount of a wild-type GNE-encoding nucleic acid
sequence. In certain embodiments, the wild-type GNE-encoding nucleic acid sequence
may, preferably, be delivered to a patient in connection with a lipid nanoparticle and a

carrier similar to that of Plasma-Lyte®, via parenteral injection.

[0050] The phrase "therapeutically effective amount” of a wild-type GNE-
encoding nucleic acid sequence refers to a sufficient amount of the sequence to

express sufficient levels of wild-type GNE, at a reasonable benefit-to-risk ratio, to

13
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increase sialic acid production in the targeted cells and/or to otherwise treat, prevent,
and/or ameliorate the effects of HIBM2 in a patient. It will be understood, however, that
the total daily usage of the wild-type GNE-encoding nucleic acid sequence and related
compositions of the present invention will be decided by the attending physician, within

the scope of sound medical judgment.

[0051] The specific therapeutically effective dose level for any particular patient
may depend upon a variety of factors, including the severity of a patient’'s HIBM2
disorder; the activity of the specific GNE-encoding sequence employed; the delivery
vehicle employed; the age, body weight, general health, gender and diet of the patient;
the time of administration, route of administration, and rate of excretion of the specific
GNE-encoding sequence employed; the duration of the treatment; drugs used in
combination or contemporaneously with the specific GNE-encoding sequence

employed; and like factors well-known in the medical arts.

[0052] Upon improvement of a patient's condition, a maintenance dose of a GNE-
encoding sequence may be administered, if necessary. Subsequently, the dosage or
frequency of administration, or both, may be reduced, as a function of the symptoms, to
a level at which the improved condition is retained when the symptoms have been

alleviated to the desired level.

[0053] According to yet further embodiments of the invention, novel compositions
are provided for expressing wild-type GNE in a system. The compositions preferably
include a wild-type GNE-encoding nucleic acid sequence. As described herein, the

GNE-encoding nucleic acid sequence may comprise various transcriptional control

14
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elements, such as a promoter, termination sequence, and others. A non-limiting
example of a composition encompassed by the present invention includes the
pUMVC3-GNE expression vector described herein, shown in Figure 1, and represented
by SEQ ID NO: 9. Also as described relative to other embodiments of the present
invention, the GNE-encoding nucleic acid sequence may be disposed within or
connected to an appropriate vehicle for delivery to a system, such as a liposome or lipid
nanoparticle. Still further, according to such embodiments, the delivery vehicle may,
optionally, be decorated with agents that are capable of recognizing and binding to

target cells or tissues, such as muscle cells or muscle tissues.

EXAMPLES
[0054] Example 1 — Expression of exogenous GNE in CHO-Lec3 cells.
[0055] In the following example, several GNE expression vectors from human

cDNA were created. Three different GNE forms, wild type, M712T, and R266Q, were
robustly expressed in GNE deficient cells (Lec3 cells). All enzymes demonstrated
similar protein expression levels, albeit distinct enzymatic activities. As the following will
show, the transfected GNE expressing cell lines produced significantly more sialic acid

than untransfected cells.

[0056] Example 1 Methodology.

[0057] GNE Cloning. Parental vectors containing the GNE cDNA were provided
by Daniel Darvish (HIBM Research Group, Encino, CA) and included pGNE-NB8 (wild

type), pPGNE-MB18 (M712T mutant), and pGNE-R266Q (R266Q mutant). The

15
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destination vector, pUMVC3, was purchased from Aldevron (Fargo, ND). The
subcloning vector, pDrive (Qiagen, Valencia, CA), was used to shuttle the R266Q

mutant from the parent vector to the destination vector.

[0058] Wild type and M712T GNE was cloned from the parent vector into
pUMVCS3 via Eco RI restriction digest, gel purification, and T4 ligation. The R266Q
mutant GNE was cloned from the parent vector into pDrive via Hind Ill + Xba | digest
and then moved to pUMVC3 via Sal | + Xba I. (Figure 1). All pUMVC3-GNE clones
were sequenced by Seqwright (Houston, TX) with the primers set forth in the Table-1

below.

Table-1

GNE-F1 5-TGTGAGGACCATGATCGCATCCTT-3' | SEQ ID NO: 1
GNE-F2 5'-ACCTCCGAGTTGCAATAGTCAGCA-3' | SEQ ID NO: 2
GNE-R1 5'-AATCAGGCCCATCCAGAGACACAA-3' | SEQID NO: 3
GNE-R2 5-TTCCAATCTGACGTGTTCCCAGGT-3' | SEQ ID NO: 4
UMVC-F 5'-CGCCACCAGACATAATAGCTGACA-3' | SEQ ID NO: 5
UMVC-R 5-TAGCCAGAAGTCAGATGCTCAAGG-3' | SEQ ID NO: 6

[0059] Positive pUMVC3-GNE clones were grown overnight in 175 mis LB broth
+ 50 ng/ml Kan and 150 mis culture was used for a Qiagen (Valencia, CA) HiSpeed

Plasmid Maxi kit according to the manufacturer protocols.

[0060] DNA:lipid complex. The DNA:lipid complex used in this example was
produced by mixing, at room temperature, 1,2-Dioleoyl-3-Trimethylammonium-Propane
(DOTAP) with test DNA (pUMVC3-GNE). DOTAP is a commercially-available lipid

particle that is offered by Avanti Polar Lipids, Inc. (Alabaster, Alabama). The DOTAP

16
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was mixed with the pUMVC3-GNE DNA in a manner to achieve the desired total

volume, which exhibited a final ratio of 0.5 ug DNA : 4 mM DOTAP, in a final volume of

1 pl

[0061] Cell Culture. GNE-deficient CHO-Lec3 cells were provided by Albert
Einstein College of Medicine. The cells were grown at 37°C in 5% CO; in alpha-MEM
media supplemented with 4 mM L-glutamine and 10% heat inactivated, Fetal Bovine
Serum. Cells for transient transfections were plated at 1x10° cells per well in 6-well
plates and grown overnight. Lec3 cells were weaned to reduced serum conditions by

reducing the FBS by 2.5% per passage.

[0062] Transient Transfections. Lec3 cells were transfected for 6 hours with
DNA:lipid complex per well in OptiMEM (Invitrogen, Carlsbad CA), then the media was
changed to normal alpha-MEM growth media and the cells were cultured overnight.
DNA:lipid complexes were formed by mixing 4 ug DNA + 10 pl Lipofectamine 2000
(Invitrogen) according to the manufacturers protocol. Twenty-four hours post-
transfection, cells were harvested by trypsin digest and washed once with PBS before

subsequent western blot or enzyme/sugar assays.

[0063] mRNA Quantitation. Total RNA was extracted from 1.5 million transfected
CHO-Lec3 cells using the RNeasy kit according to the manufacturers instructions
(Qiagen, Valencia, CA). The purified RNA was quantified by 260/280 ratio using a
NanoDrop1000 spectrophotometer (NanoDrop, Wilmington, DE). Five hundred
nanograms of total RNA was converted to cDNA using oligo dT primers and the

TagMan reverse transcription kit (ABI, Foster City, CA). Using the Sybr Green PCR
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master mix (ABI, Foster City, CA) along with 25 ng cDNA and 0.2 pM primers (GNE-F3
= 5’-cggaagaagggcattgagcatc-3’ (SEQ ID NO: 7) and GNE-R3 = 5'-
tttgtcttgggtgtcagcatce-3' (SEQ ID NO: 8)), 25 ul PCR reactions were compared against
serial dilutions of a known concentration of pUMVC3GNE-wt DNA. The Sybr Green
fluorescence was detected using the iQ5 real-time PCR detection system (BioRad,
Hercules, CA) and the PCR conditions: 95°C — 10 minutes to activate the enzyme and
(95°C - 15 seconds and 58°C — 60 seconds) x 45 cycles to amplify the product. Fifteen
microliters of the PCR reaction was run on a 4% pre-cast agarose E-gel (Invitrogen,
Carlsbad, CA) and the image was captured using the G-box chemiluminescence

detection system (Frederick, MD).

[0064] Western Blot. Approximately 5x10° cells were used for Western blot
analysis. Cell pellets were lysed using 20 pl Cell Iytic (Sigma, St. Louis, MO), plus 1%
protease inhibitors. The cell debris were spun down at maximum speed for 5 minutes
and the supernatant was mixed 1:1 with Laemmli buffer (BioRad, Hercules, CA)
containing 5% B-ME. Protein samples were separated by polyacrylamide
electrophoresis at 100V for 2 hours on 10% denaturing gels, followed by transfer to a
PVDF membrane using 100 volts for 2 hours. The membranes were probed fdr GNE
and GapDH using chicken anti-GNE (1:10,000 dilution) and mouse anti-GapDH
(1:50,000 dilution) overnight. Primary antibodies were detected using HRP-labeled
secondary antibodies and they were visualized using the West Dura detection reagent
(Pierce, Rockford, IL) and the G-box chemiluminescence camera (Syngene, Frederick,

MD).
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[0065] Sialic Acid Quantitation. Approximately 4x108 cells were used for the
quantification of membrane-bound sialic acid by the thiobarbituric acid method. Cells
were resuspended in water and lysed by passage through a 25 gauge needle 20 times
and centrifuged. The supernatant was used for Bradford protein estimation and the
remaining pellet was resuspended in 100 uyl 2M acetic acid and incubated for 1 hour at
80°C to release glycoconjugate-bound sialic acids. 137 pl of periodic acid solution (2.5
mg/ml in 57 mM H,SO,) were added and incubated for 15 minutes at 37°C. Next, 50 pl
of sodium arsenite solution (25 mg/ml in 0.5 M HCI) were added and the tubes were
shaken vigorously to ensure complete elimination of the yellow-brown color. Following
this step, 100 ul of 2-thiobarbituric acid solution (71 mg/ml adjusted to pH 9.0 with
NaOH) were added and the samples were heated to 100°C for 7.5 minutes. The
solution was extracted with 1 ml of butanol/5% 12M HCI and the phases were separated
by centrifugation. The absorbance of the organic phase was measured at 549 nm. The

amount of sialic acid was measured as nmol sialic acid/mg of protein.

[0066] Kinase and Epimerase Activity. UDP-GIcNAc 2-epimerase activity was
determined by a colorimetric assay. It contained 45 mM NaHPO,, pH 7.5, 10 mM
MgCi2, 1 mM UDP-GIcNAc and variable amounts of protein in a final volume of 200 pl.
The reaction was performed at 37°C for 30 minutes and stopped by boiling for 1 minute.
The released ManNAc was detected using the Morgan-Elson method. In brief, 150 pl of
sample were mixed with 30 pl of 0.8 M H,BO3, pH 9.1, and boiled for 3 minute. Next,
800 pl of DMAB solution (1% (w/v) 4-dimethylamino benzaldehyde in acetic acid/1.25%
10N HCI) was added and incubated at 37°C for 30 minutes. The absorbance was read

at 578 nm.
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[0067] ManNAc kinase activity was measured by a radiometric assay. It
contained 60 mM Tris/HCI, pH 8.1, 10 mM MgCl,, 5 mM ManNAc, 50 nCi [**C]ManNAc,
10 mM ATP, and variable amounts of protein in a final volume of 200 ul. The reaction
was performed at 37°C for 30 minutes and stopped by addition of 300 pl of ethanol.
Radio-labeled compounds were separated by paper chromatography and radioactivity

was determined by liquid scintillation counting.

[0068] Statistical Analysis. Three independent experiments for enzyme activity
and sialic acid expression were performed. The average and standard deviation was
calculated using Microsoft Excel. A student’s t-test was used to determine p-values for

each treated group, relative to the untreated sample.
[0069] Example 1 Results.

[0070] GNE clones. The GNE cDNA clones that were tested included a human
wild type cDNA and two human mutant cDNAs. The mutants included the M712T GNE
deficient clone and the R266Q sialuria clone. Sialuria is a human disease caused by
point mutations in the CMP-sialic acid binding site of GNE, leading to a loss of feed-
back inhibition and mass production of sialic acids. GNE cDNAs were subcloned from
their original vectors to the expression vector, pUMVC3, by restriction digest cloning.
Clones were screened by directional restriction enzyme digest to confirm the GNE insert
was in the correct orientation. Positive clones were sequenced in both orientations to
confirm that no mutations occurred during the cloning process. The resulting
chromatograms were compared against the GNE sequence from GenBank (accession #

NM_005467) and the wild type did not exhibit any mutations, while the M712T and
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R266Q clones contained only the expected point mutations (Figure 2). Positive
pUMVC3-GNE clones were scaled using a maxi prep plasmid purification procedure
and sequenced again to confirm that no mutations occurred. These DNA stocks were

used for all subsequent experiments.

[0071] Gene protein expression. Plasmid UMVC3-GNE DNA was transiently
transfected into CHO-Lec3 cells and grown in 10% serum for 24 hours, and then the
cells were harvested and analyzed for recombinant GNE expression. A GNE Western
biot illustrated that the untreated Lec3 cells (which were not transfected) do not express
GNE and CHO-Lec3 cells transfected with different pUMVC3 clones express high levels
of recombinant GNE (Figure 3). The expression level was relatively equivalent,
regardless of GNE isoform. In a second experiment, recombinant GNE was expressed
following transfection of CHO-Lec3 cells grown in 10% or 2.5% fetal bovine serum
(FBS), due to the ability of CHO cells to incorporate sialic acids from the culture media.
Again, GNE protein expression was relatively equivalent, regardless of GNE isoform

and the concentration of FBS (Figure 4).

[0072] WE-GNE mRNA quantitation. CHO-Lec3 cells were grown in 10% serum
and transiently transfected with pUMVC3-GNE-wt DNA for 24 hours to quantitate the
amount of recombinant GNE RNA that was expressed. Total RNA was extracted and
RT-qPCR was performed to amplify a 230 bp fragment from the GNE transcript. Serial
dilutions of pUMVC3-GNE-wt were used to determine that the concentration of GNE-wt
expressed in transfected Lec3 cells was equal to 4.1 pg/ul. The dynamic range of the

gPCR was from 5 ng — 5 fg and there was no GNE mRNA product detected in control
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(untransfected) CHO-Lec3 cells (the cT value for untransfected cells was greater than
42 cycles, which is less than 5 fg). Therefore, recombinant GNE mRNA expression was
detected in transfected Lec3 cells, while untransfected cells had undetectable amounts

of GNE mRNA. (Figure 5).

[0073] GNE enzyme assays. In addition to the Western blot assay, an aliquot of
the transfected cell pellets were assayed for enzyme activity. As shown in Table 2
below, both epimerase and kinase activity were quantified in Lec3 cells with or without

recombinant GNE protein

Table-2

GNE enzyme activity of CHO Lec3 cells transfected with different plasmids

Lec3 Cells + DNA E%ﬂi;)m p-value Em_?n%)g p-value
Untreated 11£0.7 2+1.4
WT GNE 22+0.2 0.0003* 3510.7 0.0006*
M712T GNE 31+1.4 0.0007* 37+5.4 0.0063*
R266Q GNE 26+2.9 0.0035* 33+2.6 0.0023*
*comparison to untreated

[0074] Lec3 cells alone had both epimerase and kinase activities less than 3
mU/mg, which displays background activity. Cells expressing wild type, M712T, or
R266Q GNE had an average of 22, 31, and 26 mU/mg of epimerase activity,
respectively. The same Lec3 samples displayed an average of 35, 37, and 33 mU/mg
of kinase activity. All of the cells expressing recombinant GNE had enzyme activity
significantly above the non-treated cells with a p-value < 0.006 for both epimerase and

kinase activities. There was no statistical difference in enzyme activity between the

three different GNE isoforms, with p-values ranging from 0.11 — 0.47.
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[0075] Sialic acid assays. Transfected Lec3 cells also were tested for cell
surface sialic acid expression. All Lec3 samples had approximately 6.0 nmol/mg
membrane bound sialic acid, with the exception of Lec3 cells transfected with the
R266Q GNE, which had a 1.5-fold higher amount. The R266Q mutant lacks the feed-
back inhibition of GNE and is known to cause an overproduction of intracellular sialic
acids. Lec3 cells seem to be undersialylated, and this could only be overcome by
expression of the sialuria mutant and not by the about 100-fold overexpression of wild-

type GNE compared to wild-type CHO cells.

[0076] No differences between wild type (wt) and M712T GNE were observed.
This was likely due to the incorporation of sialic acids from the cell culture medium, as it
is kﬁown that sialic acids from FBS can bypass the defective GNE pathway. In this
case, differences between wild type and M712T could be masked by the bypass.
Therefore, the cell culture conditions were altered by reducing the percent serum (FBS)
in the media. As shown in Table-3 below, as the serum level was reduced, sialic acid

production decreased, with a marked decrease demonstrated at 2.5% FBS.

Table-3
o Sialic Acid
%FBS (nmoiimg) p-value
10 8.05+0.27
5.0 7.26+0.61 0.2996*
2.5 4.69+1.20 0.0096*
*comparison to 10% FBS
[0077] Sialic acid levels continued to decrease as the cell culture media

approached serum free conditions, but the cell morphology and growth characteristics
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were altered. It was determined that the 2.5% FBS concentration of the cell culture
media was optimal in order to test the impact of GNE gene transfection in Lec3 cells.
Lec3 cells were thus grown in 2.5% FBS and transfected with pUMVC3-GNE clones.
GNE expression was concurrently confirmed via Western blot (Figure 4). Significant
increase of sialic acid production was indeed demonstrated, again with the best effect of
the R226Q mutant (Figure 6: p=0.0157 for GNE-wt; p=0.0566 for GNE R266Q). A
slight, but significant; difference between wt and M712T GNE was observed, indicating
that the re-sialylation capability of the mutant is lower than that of the wild-type,

suggesting a similar mechanism in HIBM muscle.

[0078] Studies on HIBM2 reveal mutations in the GNE gene associated with
glycosylation errors in the muscle membrane, which may lead to defective muscle
function. Loss of GNE activity in HIBM2 is thought to impair sialic acid production and
interfere with proper sialylation of glycoconjugates. The reactivities to lectins are also
variable in some myofibers, suggesting that hyposialylation and abnormal glycosylation
in muscles may contribute to the focal accumulations of autophagic vacuoles and/or
amyloid deposits in affected patient muscle tissue. The foregoing example
demonstrates the effect of a novel GNE gene/CMV promoter plasmid for mRNA and
protein expression in GNE deficient CHO-Lec 3 cells, which were shown to be capable
of restoring GNE/MNK enzyme function and subsequent induction of sialic acid

production.

[0079] Example 2 — Expression of exogenous GNE in vivo.
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[0080] The following example demonstrates the ability of the GNE-encoding
sequences described herein to be transfected into live mice, and to stimulate GNE

expression in the muscular tissue of such mice.

[0081] DNA:lipid complex. The materials used in this example included
pUMVC3-wt-DNA (Figure 1) and 1,2-Dioleoyl-3-Trimethylammonium-Propane
(DOTAP):Cholesterol (DOTAP:Chol), which together represented a lipid nanoparticle /
DNA complex. The DNA:lipid complex used in this example was produced by mixing, at
room temperature, DOTAP:Chol with test DNA (wild-type, M712T, or R266Q pUMVC3-
GNE). DOTAP:Chol is a commercially-available lipid particle that is offered by Avanti
Polar Lipids, Inc. (Alabaster, Alabama). The DOTAP:Chol was mixed with the
pUMVC3-GNE DNA in a manner to achieve the desired total volume, which exhibited a

final ratio of 0.5 pg DNA : 4 mM DOTAP:Chol, in a final volume of 1 pl.

[0082] Intramuscular toxicology. A set of mice (10-12 week old, nominally 20 g
BALB/c mice), with each set consisting of 6 female mice and 6 male mice, were
provided with either (1) 10 ug (80 ul) of GMP DNA reconstituted in Plasma-Lyte®, (2) 40
pg (80 ul) of GMP DNA reconstituted in Plasma-Lyte®, or (3) 0 ug (80 pl) of GMP DNA
(which served as the control and consisted of empty liposomes and Plasma-Lyte®).
Another set of mice were not injected at all, and served as an additional control. A
single injection was made, the mice were sacrificed at 2 weeks post-injection, and their
organs and fluids were harvested. Toxicity was assessed at 24-48 hours, 1 week, and
2 weeks post-injection. Toxicity was assessed based on serum chemistry profiles, CBC

analysis, gross toxicity, and immunohistochemistry analysis of muscle tissue.
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[0083] As shown in Figure 7, none of the mice provided with the above-described

compositions exhibited toxicity at 24 hours, 48 hours, 1 week, or 2 weeks post-injection.

[0084] Intravenous toxicology. A set of mice (10-12 week old, nominally 20 g
BALB/c mice), with each set consisting of 6 female mice and 6 male mice, were also
provided with either (1) 10 pg (200 pl) of GMP DNA reconstituted in Plasma-Lyte®, (2)
40 pg (200 pl) of GMP DNA reconstituted in Plasma-Lyte®, (3) 100 pg (200 pl) of GMP
DNA reconstituted in Plasma-Lyte®, or (4) 0 pg (200 pl) of GMP DNA (which served as
the control and consisted of empty liposomes and Plasma-Lyte®). An intravenous dose
was made, the mice were sacrificed at 2 weeks post-dosage, and their organs and
fluids were harvested. Toxicity was assessed at 24-48 hours, 1 week, and 2 weeks

post-injection. Toxicity was assessed as described above.

[0085] As shown in Figure 8, none of the mice that were provided with 10 ug of
GMP DNA exhibited toxicity at 24 hours, 48 hours, 1 week, or 2 weeks post-injection,
and only 2 female mice exhibited acute toxicity at 24 hours post-dosage (with all other
mice at all other time points not exhibiting any signs of toxicity). Still referring to Figure
8, three female mice that were provided with 100 ug died at 24 hours post-dosage, and
another female mouse died at 48 hours post-dosage. All 6 males exhibited acute
toxicity at 24 hours post-dosage. However, these 6 mice all survived, and did not
exhibit signs of toxicity at 48 hours, 1 week, or 2 weeks post-dosage. Figure 9
summarizes the survival data of these mice that were injected intravenously with GMP

grade DNA (reconstituted in Plasma-Lyte®).
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[0086] Comparison of Plasma-Lyte® to Water. In order to identify a preferred
carrier in which a GNE-encoding sequence may be disposed, a toxicological
comparison was made between Plasma-Lyte® and water. Plasma-Lyte® is a sterile,
non-pyrogenic isotonic solution that may be used for intravenous administration. Each
100 mL volume contains 526 mg of Sodium Chloride, USP (NaCl); 502 mg of Sodium
Gluconate (CsH11NaOy7); 368 mg of Sodium Acetate Trihydrate, USP (C,H3NaO2+3H,0);
37 mg of Potassium Chloride, USP (KCI); and 30 mg of Magnesium Chloride, USP
(MgCl*6H,0). It contains no antimicrobial agents. The pH is preferably adjusted with

sodium hydroxide to about 7.4 (6.5 to 8.0).

[0087] Referring to Figures 10-12, a group of four mice were provided with either
40 pg, 10 pg, or 0 pg of GMP-GNE reconstituted in Plasma-Lyte® via intramuscular
injections (Figure 10); 100 ng, 40 pg, 10 pg, or 0 ng GMP-GNE reconstituted in Plasma-
Lyte® via intravenous injections (Figure 11); or 100 pg, 40 pg, or 0 ug GMP-GNE
reconstituted in water via intravenous injections (Figure 12). The GMP-GNE
reconstituted in Plasma-Lyte® exhibited significantly improved (lower) toxicological
properties (Figures 10-11), when compared to the GMP-GNE reconstituted in water

(Figure 12).

[0088] GNE Expression in Mice. Three sets of 10-12 week old, nominally 20 g
BALB/c mice, with each set including four mice, were provided with intramuscular
injections of varying amounts of GNE-encoding compositions, namely, the pUMVC3-wt-

DNA construct (Figure 1), represented by SEQ ID NO: 9, and 1,2-Dioleoyl-3-
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Trimethylammonium-Propane (DOTAP):Cholesterol — together representing the lipid

nanoparticle / GNE-encoding complex described above.

[0089] In this example, a first group was injected with O pg of GNE-encoding
DNA, a second group was injected with 10 ug of GNE-encoding DNA, and a third group
was injected with 40 ng of GNE-encoding DNA. At two weeks post-injection, the mice

were sacrificed and the injected muscle tissue was harvested.

[0090] Next, total RNA was collected from the muscle tissues. The amount of
GNE mRNA transcript contained within each sample was next measured via RT-PCR,
using GNE-specific primers (and a standard curve was constructed using varying
amounts of RNA of known concentration, which was used for extrapolating the
quantitative amount of GNE mRNA within each test sample). Table-4 below
summarizes the average amount (ng) of GNE mRNA measured by RT-PCR (from two

mice within each of the three groups).

Table-4
Dose Mouse # | ng GNE / mg Muscle Avg. ng/mgq | Std. Dev. | Fold Change
0 ng GNE 32 0.00E+00 1.36E-09 1.92E-09 1
33 2.71E-09
34
35
10 ng GNE 8 2.46E-07 8.00E-08 182
9
10 3.03E-07
11 1.90E-07
40 ug GNE 20 ‘ 1.51E-06 8.24E-07 1115
21 2.09E-06
22 9.29E-07
23
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[0091] These data are further summarized in Figure 13, which shows the amount
of GNE mRNA that was measured for each group (0, 10 and 40 ug of GNE-encoding
DNA) normalized against the total amount of muscle tissue from which the RNA was
extracted. As shown therein, the 10 ng dose of GNE-encoding DNA resulted in a
significant level of GNE expression (a 182-fold increase in GNE expression levels
relative to the 0 ng sample), and the 40 pug dose of GNE-encoding DNA resulted in an
even greater level of GNE expression (a 1115-fold increase in GNE expression levels
relative to the 0 ug sample). These data are consistent with the PCR results shown in

the gel of Figure 14.

[0092] Although illustrative embodiments of the present invention have been
described herein, it should be understood that the invention is not limited to those
described, and that various other changes or modifications may be made by one skilled

in the art without departing from the scope or spirit of the invention.
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Whatis claimed is:

1. A method for modulating the production of sialic acid in a system, which

comprises providing the system with a wild-type GNE-encoding nucleic acid sequence.

2. The method of claim 1, wherein the wild-type GNE-encoding nucleic acid
sequence comprises a promoter operably connected to the wild-type GNE-encoding

nucleic acid sequence.

3. The method of claim 2, wherein the promoter is the CMV promoter.

4, The method of claim 2, wherein the wild-type GNE-encoding nucleic acid
sequence is injected into the system, wherein the system comprises muscle tissue of a

mammal.

5. The method of claim 2, wherein the wild-type GNE-encoding nucleic acid

sequence is disposed within or is connected to a lipid nanoparticle.

6. The method of claim 5, wherein the wild-type GNE-encoding nucleic acid

sequence consists of SEQ ID NO: 9.

7. The method of claim 5, wherein the lipid nanoparticle comprises one or more

agents capable of recognizing and binding to a muscle cell or a component thereof.

8. A method for producing wild-type GNE in a system, wherein the system
comprises a mutated endogenous GNE-encoding sequence, which comprises providing

the system with a wild-type GNE-encoding nucleic acid sequence.
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9. The method of claim 8, wherein the wild-type GNE-encoding nucleic acid
sequence comprises a promoter operably connected to the wild-type GNE-encoding

nucleic acid sequence.

10. The method of claim 9, wherein the promoter is the CMV promoter.

11.  The method of claim 9, wherein the wild-type GNE-encoding nucleic acid
sequence is injected into the system, wherein the system comprises muscle tissue of a

mammal.

12. The method of claim 9, wherein the wild-type GNE-encoding nucleic acid

sequence is disposed within or is connected to a lipid nanoparticle.

13.  The method of claim 12, wherein the wild-type GNE-encoding nucleic acid

sequence consists of SEQ ID NO: 9.

14. The method of claim 12, wherein the lipid nanoparticle comprises one or more

agents capable of recognizing and binding to a muscle cell or a component thereof.

15. A method for treating, preventing, or ameliorating the effects of Hereditary
Inclusion Body Myopathy, which comprises providing a patient with a wild-type GNE-

encoding nucleic acid sequence.

16. The method of claim 15, wherein the wild-type GNE-encoding nucleic acid
sequence comprises a promoter operably connected to the wild-type GNE-encoding

nucleic acid sequence.

17.  The method of claim 16, wherein the promoter is the CMV promoter.
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18. The method of claim 16, wherein the wild-type GNE-encoding nucleic acid

sequence is injected into muscle tissue of the patient.

19. The method of claim 16, wherein the wild-type GNE-encoding nucleic acid

sequence is disposed within or is connected to a lipid nanoparticle.

20. The method of claim 19, wherein the wild-type GNE-encoding nucleic acid

sequence consists of SEQ ID NO: 9.

21. The method of claim 19, wherein the lipid nanoparticle comprises one or more

agents capable of recognizing and binding to a muscle cell or a component thereof.

22. The method of claim 21, wherein the lipid nanoparticle is administered to the

patient intravenously.

23. A composition for expressing wild-type GNE in a system, which comprises a wild-
type GNE-encoding nucleic acid sequence disposed within or connected to a lipid

nanoparticle.

23. The composition of claim 22, wherein the lipid nanoparticle comprises one or
more agents capable of recognizing and binding to a muscle cell or a component

thereof.

24. The composition of claim 22, wherein the wild-type GNE-encoding nucleic acid

sequence consists of SEQ ID NO: 9.
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RELRVCVATCNRADYSHELAPIMFGIRTEPEFFELDVVVIGSH
RELRVCVATCHRADYSELAPIMFGIERETITEPEFFELDVVVIGSH
RELRVCVATCHERADY SELAPIMIGIRKRICZPEYr PEZLDVVYVIGSE
B:ééQseq. RELRVCVATCHNRADYSELAPIMFGIRKRTEPEFPFELDVVVILIGSE
GHE $HP 00546€7L I DDYG NTYRMIEQDDEZD INTRLETIVRGEDEZAAMVESVGLALVRIPDY
GNEZ HBE seq LIDDYGNTYRMIEQDD?ZDINTYTRIET IVRGEDZAAMVESVGLALVYERLPDV
GHZ MB1f 2¢eq L IDDYGHTYRMIZQDDZDINTIRLET IVRGEDEZEAAMUVEZSVGIALVERELPDYV
GHE RZ€€Q 2eq LIDDYGEBTYRMIZQDDZDINIRLEY IVRGEDEZAAMVESVGLIALVELPDVY
GHE $HP 00S4€7L N RLEPDIMIVEGDRYIDALALIATIZSAALIMNENIRIIHIZGHEEVIGETIDDSISIR
GHE NBE8 seq LHRIKPDIMIVEGDRIZDALALATSAALMNEIRILIHEIZGGEZVSESGTIDDSIR
GMEZ MB1E seq L HNRLEPDIMIVHGDRIFDALALATISAALMHIRILEIZGGEEZVSGTIIDDSISIR
GHE RZ2€EQ 2¢eq LN RLXPDIMIVEGDRIFDALALATSAALMEIRILHIZGGEEVSGTIDDSIIR
GNE $HP_O005467TH A I T EL AHYHVCCIRSAEQHLISMCEDHDRILLAG6CPSYDERLLS3AERNEEKD
GNE NBE =eq BLI?KLABYBVCCTBSAEQHLISHC!DHDRILLAGCPSY.DRLLSAKBKD
GHNE MB1lEF seq BAITERLAHYHVCCTRSAEQBLISIMCEIDHDRILILAGCPS YDERILSAERNEKD
GHE RZEEQ seq HA I TRELAHYHVCCTRSAEQHLISMCEDHEHDRILLAGCPSYDELLSAEKNED
GHE $HP 0054€T¥ M S I I RMWLIGDDVERSEDY IVALQEPVTYIDIRKHSIEKEMFELTLDALI SJFNHE
GHE HBS seq YMSIIRMWLGDDVESRERDY IVALQHEPVITDIEHSIKMFEITLDALI SFHRER
GHE MBl18 seq YMB3 IIRMWLGDDVESEDY IVALQEPVTITIDIEHSIEKEMFELTLDALISFHE
GHZ RZEEQ 2¢eq YM S I IRMWLGDDVESEDY IVALQEPVITIDIERESIEKMIELTLDALISFNHREK
GNE $NP_00S4€7R T L VL F PHIDAGS REMVRVMREEGIEHHPNFRAVEHRHVPIDQFIQLVAHAR
GNE HB2 segq RTLVLIFPHNIDAGSEKEMVRERVMRERGIEHHPNFRAVEEV?P FDQFIQLVAHRSZA
GNE MB18 seq RTLVLF PHIDAGS EEMVRVHERERGSIEEEPNFrRAVERVPFIFDQFIQLVARA
GHE Bzﬁéq::v;[RT!.vll'PBIDAGB!Z!VRVH.!KGI!BEPE!‘RLVKBVP!DQ!IQLVAEA
GNE $BP_ 005466 CM I GHN 8BS CGVREVGAFGIPVINLGIRQIGRETGENVLHVRDADTIQDERTI
GHE HBE8 segq GC!IGHSSCGV&BVGLFGIPVINLGTRQIGEETGEHVLBVRDADTQDKI‘
GWE MB18 s¢cg 6 CMIGH SSCGVREVGAFGSTITPVINLGIRQIGREIGENVILHEHVRDADTIQDERTI
GNE RZ€€Q 5eq GCMIGHN S3CG6VRIVGAFrNFGIPVINLG6ITRQIGRETITGENVILHVRDADTQDETX
GHNE $¢NP_00S9€67L QAL HL QFGEQYPCSEIYGDG6NAVPRILEFLESIDLQEPLQEEFCFPPV
GNE HBE8 seq LQALHLQFGEQYPCSRERIYGDGHNAVPRILEFLESIDLILQEPLQEERYFCFP?2V
GNE MB18 2eq LQALHLQFEGEEQYPCSEIYGDGNAVPRILEFLEKSIDLQEPLQREFCFEFPPV
GHZ RICEQ seq LQALELQIGEQYPCIEIYGDGEHAVPRILEFLESIDIQEPLQREICYEPPYV
GNE $NP _O0SQETR EN I S QDIDHILETLI3ALAVDLGGTINILRVAIVISMEGEIVERRYIQIFNKPET
GNE ¥NBE =zeq KEENISZSQDIDHILETLSALAVDLGGTIT RLRVAIVSKEGEIVEREYIQYrNPEKT
GHE MB18 seq KEN ISQDIDHILETLSALAVDLGGTHLRVAIVESMEGEIVERERYIQELEPXKT
GHE R:eeﬁseqlzﬂlBQD!DBILZILSALAVDLGGTHL.RVAIVSHKGEIVKKYIQIHPKI
GHE $NP_O0S59€7YEZRINLILQMCVEAAAERAVELNCRILGVGISTGGRVNPREGIVLESTE
GHE HBE8 seq YEERIKRLILQMCVEAAAEAVELECRILGVGISIGGRVNPREGIVLILEHEITEK
GNE MB18 seq YEERINLILQMCVEAARZAAEAVELHBECRILGVGISTIGGERVNPREGIVILHSTER
GNE RZ€€Q 2eq YEZERINLILQOQMCVEAARAEAVELNCRILGVGISZITGGRVNPREGIVIHESTE
GNE $HP_00S4€7L I QEWN 3SVDLRIPLIDTILELPVWUVDNDGNCAALAMEREFGQGEGILIEHNEVT
GNE NB8 =eq LIQEWNSVDLRTITPLESDTITLHLPVWVDNEDGNCAARLAERERKFGQGEREGLENTFVT
GHE MB1lf seq L I QEWNSVDLRIPLSDILHLPVWVDHDGNCAALAERERKFGQGERGILEMNFEFVT
GNE RZE€Q seq LI QEWK SVDLRIPLIDTLHLPVWNVDYNDGHNCAALAEREKEFGQGEGLENFETVT
GHE NP O054€7L I 16T 6 I 666 IIHQHELIAGISSFCAAELGHLVVSLDGPDCSCGIHGCIE
GNE HBE8 seq LI1IT6GTGIGGEGIIHQHELIBRGIS3SFCAAELGHLVVYVSLDGPDC3ICGSHEGCTIE
GHE MB18 seq L ITGT 6 IGGGIIHQHELIHGS IFCAAELGHLVVSLDGPDCSCGSHGCTIE
GNT RZGGQaeqLITGTGIGGGI.IHQBELIBGSS!CLLELGHLVVSLDGPDCSCGSHGCIE
GHNE $NP 0054672 YA S6MALQREAERHKELHEHDEDLLLVEGMSIVPEDEAVGALHBELIQAARLGNARE
GNE NBE seq AYASGMALQREARELHDEDLLLVEGMI3VPEDEAVGALHLIQAARILGUNAR
GHE MB1f seq A YASGMALQREAKELHEDEDILLVEGMSVPEDEAVGALHELIQAARLGYE AR
GHNE RZ€€Q 2eq A YA SGMALQREARERELHDEDLLLVEGMSVPEDEAVGALHLIQAAERLGYHNAR
GRE $NP _0054€67TA Q S I LRTAGTALGLGVVN ILHETMNPSLVILIGViIASHY INIVEDVIRQQ
GHE HEE seq AQ3ILRTAGITALGLGVVEILHIMNENPSLVILI3GVLIAISHY IHBIVEDVIRQQ
GHE MBi8 seq A QS ILRTAGTITALGILGVVUVHNILHIMEPSILVILSGVIASHYIHBIVEDVIRQQ
GHE R2€€Q 5eq 3 Q3 I LRTAGTALGLGVVHILAEATITMEPS3LVILSGEVLILASHEYIHIVEDVIRQQ
GNE $HP_00S54€7A L 3 3 VQDVDVVVSDLVDPALLGAASHMVLILDYTIRRIY
GHE HBE seq AL3SVQDVDVVVYSDLVDPALLGAASMVLIDYTTRRIY
GHE ¥B18 seq ALSBVQDVDVVVSDLVDPLLLGAAS-VLDYITRRIY
GHE R2€EQ 2eq AL 3 8VQDVDVVVSDLVDPALLGAASMEBVLDYTITIRRIVY
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