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INNOVATIVE DISCOVERY OF THERAPEUTIC, DIAGNOSTIC, AND ANTIBODY
COMPOSITIONS RELATED TO PROTEIN FRAGMENTS OF ALANYL TRNA SYNTHETASES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. § 119(e) of US
provisional patent application No. 61/329,048 filed on 4/28/2010, US provisional patent
application No. 61/328,867 filed 4/28/2010, and US provisional patent application No.
61/328,871 filed 4/28/2010, the entire contents of cach of which, are incorporated
herein by refercnce.

STATEMENT REGARDING SEQUENCE LISTING

[0002] The Sequence Listing associated with this application is provided in text
format in licu of a paper copy, and is hereby incorporated by reference into the
specification. The name of the text file containing the Sequence Listing is
120161 426PC_SEQUENCE LISTING txt. The text file is about 281 KB, was
created on 4/22/2011, and is being submitted electronically via EFS-Web.

TECHNICAL FIELD

[0003] The present invention relates generally to compositions comprising newly
identified protein fragments of aminoacyl-tRNA synthetases and other proteins,
polynucleotides that encode them and complements thercof, related agents, and
methods of use thereof in diagnostic, drug discovery, research, and therapeutic

applications.

BACKGROUND

[0004] For over four decades, aminoacyl-tRNA synthetases (AARSs) were thought
of as essential housekeeping proteins that catalyze the aminoacylation of tRNA
molecules as part of the decoding of genetic information during the process of protein
translation. AARSs have been extensively studied in this respect, and many of their
full-length sequences were cloned for sequence analysis and to provide a rich source of
biochemical experimentation. Some fragments of AARSs, and other proteins, however,
possess unexpected activities not associated with aminoacylation, including
extracellular signaling activities that modulate pathways beyond protein translation.
Generally, these unexpected activitics are not observed in the context of the full-length
or parental protein sequences; instead, they are observed following removal or resection

of AARS protein fragments from their parental sequences, or by expressing and
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sufficiently purifying fragment AARS sequences and then testing for novel, non-
synthetase related activities.

[0005] While the full-length sequences of AARS have been known for some time,
no systematic cxperimental analysis has been conducted to eclucidate such AARS
protein fragments, or protein fragments from related or associated proteins, or to
evaluate the potential role of the full length AARS proteins for novel biological

3%

activities outside of the context of amino acid synthesis. .” In portions of this
specification, such AARS protein fragments, AARS domains, or AARS alternative
splicc variants arc referred to hercin as “resectins”. In its broadest context, the term
“resectin” refers to a portion of a protein which has been excised or restricted (either by
means of proteolysis, alternative splicing, mutagenesis, or recombinant genetic
engineering) from the context of its native full-length or parental protein sequence,
which often otherwise masks its novel biological activities. Likewise, no systematic
experimental analysis has been conducted to explore the usc of such resectins as
biotherapeutic agents, diagnostic agents, or drug targets in the treatment of various
medical conditions, or their potential association with human discases. As essential
housekeeping genes with a known function in mammals that is critical to life, AARSs
were neither considered as drug targets in mammals, nor were they parsed out by
standard gecnomic scquencing, bioinformatic, or similar cfforts to identify resectins
having non-synthetase activities. Standard biochemical research efforts have similarly
been directed away from characterizing the biological properties of AARS resectins and
their potential therapeutic and diagnostic relevance, mainly due to the previously

understood role of their corresponding full-length parental AARSSs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 shows the domain structure of the Alanyl aminoacyl tRNA
synthetase overlaid with the relative positions and sizes of the N-terminal AARS
polypeptides shown schematically. Figure 1A representing fragments identified from
mass spectrometry analysis, Figure 1B representing the fragments identified from deep
sequencing of transcriptomes, and Figure 1C representing fragments identified from
bioinformatics analysis.

[0007] Figure 2 shows the domain structure of the Alanyl aminoacyl tRNA
synthetase overlaid with the relative positions and sizes of the C-terminal AARS
polypeptides shown schematically. Figure 2A representing fragments identified from
mass spectrometry analysis, Figure 2B representing the fragments identified from deep
sequencing of transcriptomes, and Figure 2C representing fragments identified from

bioinformatics analysis.



WO 2011/139853 PCT/US2011/034387

[0008] Figure 3 shows the domain structure of the Alanyl aminoacyl tRNA
synthetase overlaid schematically with the relative positions and sizes of the Internal

AARS polypeptides identified from bioinformatics analysis.

BRIEF SUMMARY OF THE INVENTION

[0009] Embodiments of the present invention relate generally to the discovery of
protein fragments of aminoacyltRNA synthetases (AARSs), which possess non-
canonical biological activities, such as extracellular signaling activities, and/or other
characteristics of therapcutic and diagnostic relevance. The AARSs arc universal and
essential elements of the protein synthesis machinery found in all organisms, but human
AARSs and their associated proteins have naturally-occurring resected variants, with
potent cell signaling activities that contribute to normal functioning of humans. The
activities of these protein fragments are distinct from the protein synthesis activities
commonly known for AARSs, and the present invention includes the discovery and
development of these resected proteins as new biotherapeutic agents, new discovery
research reagents, and as new antigens/targets for directed biologics and diagnostic
agents that can be used to potentially treat or diagnose a wide varicty of human
discases, such as inflammatory, hematological, neurodegenerative, autoimmune,
hematopoictic, cardiovascular, and metabolic discascs or disorders.

[0010] The AARS protein fragment(s) of the present invention may therefore be
referred to as “resectins,” or alternatively as “appendacrines.” As noted above, the term
“resectin” derives from the process of excising or resecting a given AARS protein
fragment from the context of its full-length parent AARS sequence, which typically
masks its non-canonical activitics. In certain instances, the AARS protein fragments
and polynucleotides of the present invention were identified through the occurrence of
this resection process, whether naturally-occurring (e.g., proteolytic, splice variant),
artificially-induced, or predicted. The term “appendacrine” derives from a combination
of “append” (from Latin — appender) and to “separate” or “discern” (from Greek —
crines),” and also reflects the separation of one or more appended domains of the
AARS protein fragments from their corresponding full-length or parent AARS
sequences.

[0011] Although a few AARS fragments have been previously shown to have non-
synthetase activities, the expression, isolation, purification, and characterization of such
fragments for biotherapeutic, discovery, or diagnostic utility is limited, and persons
skilled in the art would not have readily appreciated such activities to associate with
cach member of the entire family of AARSSs, or with alternative fragments. Here, a

methodical approach was utilized to discover and verify AARS protein fragments for
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the 20 mitochondrial and 20 cytosolic AARSs (and associated proteins) for
biotherapeutic discovery and diagnostic utility. For instance, certain of the present
AARS protein fragment(s) and polynucleotides that encode them are identified from
biological samples using mass spectrometry (MS), mainly to identify proteolytic
fragments, and others were identified by deep sequencing techniques, mainly to identify
splice variants. Other AARS protein fragment(s) are identified using in silico
predictions of amino acid sequences, such as by computationally comparing synthetases
from humans and lower organisms along with key demarcations (e.g., protease sites);
this approach utilized scquence analysis of the full-length AARS based on specific
criteria to discern proteolytic fragments and functional domains possessing non-
canonical biological activities.

[0012] Novel resectins of the AARSs are unexpected, and their differential
expression is also unexpected. Specific resections are typically seen under different
treatments (e.g., from cells grown in media with or without serum), at different stages
of growth (e.g., adult brain vs. fetal brain) and for different tissue types (e.g., pancreas
vs. liver). The pattern of expression is not the same for all aminoacyl tRNA synthetases
despite the fact that the canonical functions for all aminoacyl tRNA synthetases are
needed in the same cell locations and in relatively proportional amounts. One would
not expect the levels of an aminoacyl tRNA synthetase activity to increase without an
increase in the amounts of other aminoacyl tRNA synthetase activities at the same
time. The mass spectrometry and deep sequencing data indicates that aminoacyl tRNA
synthetase resectins do have varying levels and do occur in different sites and at
different stages

[0013] In addition, AARS protein fragments can be expressed and purified to
sufficiently high purity to discern their biological properties. Previously, fragments
were often not of sufficient purity, folding, and stability to enable proper biological
characterization of non-synthetase activities. Cell based assays, for instance, are used
in conjunction with sufficiently pure, stable, soluble and folded resectins to reveal their
important biotherapeutic, discovery or diagnostic activities.

[0014] In particular, embodiments of the present invention relate to protein
fragments of Alanyl tRNA synthetases, related agents and compositions of
biotherapeutic, discovery, or diagnostic utility, and methods of use therecof. The
compositions of the present invention are useful in a variety of diagnostic, drug
discovery, and therapeutic applications, as described herein. Preferably, the AARS
proteins and fragments are purified and stored in suitable condition to the extent

required for such biotherapeutic, discovery, or diagnostic uses.
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[0015] Certain embodiments include compositions, comprising an isolated
aminoacyl-tRNA synthetase (AARS) protein fragment of at least about 100, 90, 80, 70,
60, 50 or 40 amino acids that comprises an amino acid sequence as set forth in Table(s)
1-3, or Table(s) 4-6, or Table(s) 7-9, and has a solubility of at lcast about 5 mg/ml, and
wherein the composition has a purity of at least about 95% on a protein basis, and less
than about 10 EU / mg protein endotoxin. In one aspect, the composition is a
therapeutic composition. In specific embodiments, the composition is substantially
serum free. In some embodiments the AARS protein fragment comprises a non-
canonical activity. In somc embodiments, the non-canonical biological activity is
selected from modulation of extracellular signaling, modulation of cell proliferation,
modulation of cell differentiation, modulation of gene transcription, modulation of
cytokine production or activity, modulation of cytokine receptor activity, and
modulation of inflammation. In some embodiments, the AARS protein fragment has an
ECsg of less than about 1 nM, about 5 nM, about 10 nM, about 50 nM, about 100 nM or
about 200 nM for a cell-based non-canonical biological activity.

[0016] In certain embodiments the AARS protein fragment is fused to a
heterologous polypeptide. In some embodiments, the AARS fusion protein substantially
retains a non-canonical activity of the AARS protein fragment. In some embodiments,
the AARS fusion protcin suppresses a non-canonical activity of the AARS protein
fragment. In some embodiments, the heterologous polypeptide is attached to the N-
terminus of the AARS protein fragment. In some embodiments, the heterologous
polypeptide is attached to the C-terminus of the AARS protein fragment. In one aspect
of any of these embodiments the heterologous polypeptide is selected from the group
consisting of purification tags, cpitope tags, targeting sequences, signal peptides,
membrane translocating sequences, and PK modifiers.

[0017] In certain embodiments, the composition comprises an AARS protein
fragment at a concentration of least about 10 mg/mL. In certain embodiments the
composition comprises an AARS protein fragment which is at least 90% monodisperse.
In certain embodiments the composition comprises less than about 3 % high molecular
weight aggregated proteins. In certain embodiments the composition exhibits less than
3% aggregation when stored at a concentration of at least 10 mg/ mL in PBS for one
week at 4 °C. In certain embodiments the composition exhibits less than 3%
aggregation when stored at a concentration of at least 10 mg/ mL in PBS for one week
at room temperature.

[0018] Various assays for measuring such features of resectins are described herein

and may be used to define aspects of the invention. In certain aspects, these features
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will be preferable for biotherapeutic utility of the AARS protein fragments described
herein.

[0019] Certain embodiments include compositions, comprising an isolated
aminoacyl-tRNA synthectase (AARS) protein fragment of at least 100 amino acids that
differs from an amino acid sequence set forth in Table(s) 1-3, or Table(s) 4-6, or
Table(s) 7-9 by substitution, deletion, and/or addition of about 1, 2, 3, 4, 5, 6, 7, &, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 amino acids, wherein the altered protein
fragment substantially retains a non-canonical activity of the unaltered protein, or has a
dominant negative phenotype in relation to the non-canonical activity, wherein the
protein fragment has a solubility of at least about 5 mg/ml, and wherein the composition
has a purity of at least about 95% on a protein basis and less than about 10 EU / mg
protein endotoxin. In specific embodiments, the composition is substantially serum
free.

[0020] Other embodiments include compositions, comprising an isolated antibody
that specifically binds to an isolated aminoacyl-tRNA synthetase (AARS) protein
fragment as set forth in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, wherein affinity
of the antibody for the AARS protein fragment is about 10X stronger than its affinity
for a corresponding full-length AARS polypeptide. One of the surprising aspects of the
present invention includes certain rescetins possessing “new” surfaces accessible to
antibody or other directed biologics, whereas the full length AARS “’hides” or covers
these surfaces with other sequences or adjacent domains. The process of resecting can
also create greater aqueous accessibility for revealing previously unidentified biological
activities. Some embodiments include compositions, comprising an isolated antibody
that specifically binds to an isolated aminoacyl-tRNA synthctasc (AARS) protein
fragment as set forth in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, wherein the
antibody has an affinity of at least about 10 nM for the AARS protein fragment, and an
affinity of at least about 100 nM for a corresponding full-length AARS polypeptide. In
some embodiments, the antibody binds to an epitope located within an AARS
polypeptide unique splice junction as sct forth in any of Table(s) 1-3, or Table(s) 4-6, or
Table(s) 7-9, or to an amino acid sequence C-terminal of this splice site. In certain
embodiments, the antibody antagonizes the non-canonical activity of the AARS protein
fragment. Such antagonists may optionally bind the corresponding parental or full-
length AARS.

[0021] Other aspects relate to bioassay systems, comprising a substantially pure
aminoacyl-tRNA synthetase (AARS) protein fragment of at least 100 amino acids that
comprises an amino acid sequence as set forth in Table(s) [-3, or Table(s) 4-6, or
Table(s) 7-9, and a binding partner that binds to the AARS protein fragment. In one
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aspect, the binding partner is selected from the group consisting of a cellular surface
receptor protein, nucleic acid, lipid membrane, cell regulatory protein, enzyme, and
transcription factor. Optionally, such a receptor may be part of a cell, preferably a cell
relevant to the revealed biology of the resectin.

[0022] Certain embodiments include cellular compositions, comprising an isolated
aminoacyl-tRNA synthetase (AARS) protein fragment of at least 100 amino acids that
comprises an amino acid sequence as set forth in Table(s) 1-3, or Table(s) 4-6, or
Table(s) 7-9, and an engineered population of cells in which at least one cell comprises
a polynucleotide cncoding said AARS protein fragment. In onc aspect, the cells arc
capable of growing in a serum free medium.

[0023] Also included are detection systems, comprising a substantially pure
aminoacyl-tRNA synthetase (AARS) protein fragment of at least 50 or 100 amino acids
that comprises an amino acid sequence as set forth in Table(s) 1-3, or Table(s) 4-6, or
Table(s) 7-9, a ccll that compriscs a cell-surface rceeptor or an extraccllular portion
thereof that binds to the protein fragment, and a molecule of less than about 2000
daltons, or a second polypeptide, which modulates binding or interaction between the
AARS protein fragment and the extracellular receptor.

[0024] Particular embodiments include diagnostic systems, comprising a
substantially pure aminoacyl-tRNA synthetasc (AARS) protein fragment of at least 100
amino acids that comprises an amino acid sequence as set forth in Table(s) 1-3, or
Table(s) 4-6, or Table(s) 7-9, and a cell that comprises a cell-surface receptor or an
extracellular portion thereof that binds to the AARS protein fragment, wherein the
system or cell comprises an indicator molecule that allows detection of a change in the
levels or activity of the cell-surface receptor or extracellular portion thercof.

[0025] Certain embodiments include cellular growth devices, comprising an
isolated aminoacyl-tRNA synthetase (AARS) protein fragment of at least 100 amino
acids that comprises an amino acid sequence as set forth in Table(s) 1-3, or Table(s) 4-
6, or Table(s) 7-9, an engineered population of cells in which at least one cell comprises
a polynucleotide encoding said AARS protein fragment, at least about 10 liters of
serum-free cell media, and a sterile container. In specific embodiments, the cells
utilized for any of the methods or compositions described herein are capable of growing
in serum-free media, optionally with an antibiotic and an inducer.

[0026] Some embodiments relate to antisense or RNA interference (RNAI) agents,
comprising a sequence that is targeted against a unique splice junction of an AARS
splice variant as set forth in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9.

[0027] Also included are therapeutic compositions, comprising an isolated
aminoacyl-tRNA synthetase (AARS) protein fragment of at least 100 amino acids that
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comprises an amino acid sequence as set forth in Table(s) 1-3, or Table(s) 4-6, or
Table(s) 7-9, wherein the protein fragment specifically binds to a binding partner and
has a solubility of at least about 5 mg/ml, and wherein the composition has a purity of at
least about 95% on a protcin basis. In some aspects, the composition may have less
than 10 EU endotoxin / mg protein.

[0028] Also included are compositions, comprising an isolated aminoacyl-tRNA
synthetase (AARS) protein fragment of at least 100 amino acids that is at least 80%,
85%, 90%, 95%, 98%, or 100% identical to an amino acid sequence set forth in
Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, whercin the protein fragment has a
solubility of at least about 5 mg/ml, and wherein the composition has a purity of at least
about 95% on a protein basis and less than 10 EU endotoxin / mg protein. In any of
these embodiments, the compositions may comprise an AARS protein fragment that is
at least about 50%, about 60%, about 70%, about 80%, about 90% or about 95%
monodisperse with respect to its apparent molecular mass. In another aspect of any of
these embodiments, the compositions comprise less than about 10 % (on a protein
basis) high molecular weight aggregated proteins, or less than about 5 % high molecular
weight aggregated proteins, or less than about 4% high molecular weight aggregated
proteins, or less than about 3% high molecular weight aggregated proteins, or less than
2 % high molecular weight aggregated proteins, or less than about 1% high molecular
weight aggregated proteins.

[0029] In another aspect of any of these embodiments, the compositions exhibits
less than about 10% aggregation when stored at a concentration of at least 10 mg/ mL in
PBS for one week at 4 °C, or less than about 5% aggregation when stored at a
concentration of at Icast 10 mg/ mL in PBS for onc weck at 4 °C, or Iess than about 3%
aggregation when stored at a concentration of at least 10 mg/ mL in PBS for one week
at 4 °C, or less than about 2% aggregation when stored at a concentration of at least 10
mg/ mL in PBS for one week at 4 °C, or less than about 1% aggregation when stored at
a concentration of at least 10 mg/ mL in PBS for one week at 4 °C.

[0030] Certain embodiments include compositions, comprising a substantially pure
aminoacyl-tRNA synthetase (AARS) protein fragment of at least 100 amino acids that
comprises an amino acid sequence as set forth in Table(s) 1-3, or Table(s) 4-6, or
Table(s) 7-9, and at least one covalently or non-covalently moiety attached thereto. In
some embodiments, the moiety is a detectable label. In some embodiments, the moiety
is a water soluble polymer. In some embodiments, the moiety is PEG. In one aspect of
any of these embodiments, the moiety is attached to the N-terminus of the protein
fragment. In one aspect of any of these embodiments, the moiety is attached to the C-

terminus of the protein fragment.



WO 2011/139853 PCT/US2011/034387

[0031] Particular embodiments include compositions, comprising a solid substrate
attached to an isolated aminoacyl-tRNA synthetase (AARS) protein fragment of at least
100 amino acids that comprises an amino acid sequence as set forth in Table(s) 1-3, or
Table(s) 4-6, or Table(s) 7-9, or a biologically active fragment or variant thercof,
wherein the protein fragment has a solubility of at least about 5 mg/ml, and the
composition has a purity of at least about 95% on a protein basis.

[0032] Also included are compositions, comprising a binding agent that specifically
binds to an isolated aminoacyl-tRNA synthetase (AARS) protein fragment as set forth
in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, wherein the binding agent has an
affinity of at least about 1 nM for the protein fragment. In one aspect, the binding agent
binds to an epitope located within an AARS polypeptide unique splice junction as set
forth in any of Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, or to an amino acid
sequence C-terminal of this splice site. In some embodiments, the binding agent
antagonizes a non-canonical activity of the AARS polypeptide.

[0033] Certain embodiments include isolated aminoacyl-tRNA synthetase (AARS)
polypeptides, comprising an amino acid sequence of an AARS protein fragment as
described herein, an amino acid sequence encoded by an AARS polynucleotide as
described herein, or a variant or fragment thereof. Certain AARS polypeptides
comprisc an amino acid scquence that is at Icast 80%, 85%, 90%, 95%, 98%, or 100%
identical to an AARS reference sequence as disclosed in Table(s) 1-3, or Table(s) 4-6,
or Table(s) 7-9, or Table E2. Certain AARS polypeptides consist essentially of an
amino acid sequence that is at least 80%, 85%, 90%, 95%, 98%, or 100% identical to an
AARS reference sequence as disclosed in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9,
or Table E2. In certain cmbodiments, the polypeptide compriscs a non-canonical
biological activity. In specific embodiments, the non-canonical biological activity is
selected from modulation of cell signaling (e.g., extracellular signaling), modulation of
cell proliferation, modulation of cell migration, modulation of cell differentiation,
modulation of apoptosis or cell death, modulation of angiogenesis, modulation of cell
binding, modulation of cellular metabolism, modulation of cellular uptake, modulation
of gene transcription, or secretion, modulation of cytokine production or activity,
modulation of cytokine receptor activity, and modulation of inflammation.

[0034] Other aspects include antibodies and other binding agents that exhibit
binding specificity for an isolated AARS polypeptide as described herein, a binding
partner of the AARS polypeptide, or the complex of both. In some embodiments, the
affinity of the antibody or binding agent for the AARS polypeptide is about 10X
stronger than its affinity for a corresponding full-length AARS polypeptide. In specific

embodiments, the binding agent is selected from a peptide, peptide mimetic, an
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adnectin, an aptamer, and a small molecule. In certain embodiments, the antibody or
binding agent antagonizes a non-canonical activity of the AARS polypeptide. In other
embodiments, the antibody or binding agent agonizes a non-canonical activity of the
AARS polypeptide.

[0035] Certain embodiments include isolated aminoacyl-tRNA synthetase (AARS)
polynucleotides, comprising a nucleotide sequence of an AARS polynucleotide as
described herein, a nucleotide sequence that encodes an AARS protein fragment as
described herein, or a variant, a fragment, or a complement thereof. Certain AARS
polynucleotides comprisc a nucleotide sequence that is at least 80%, 85%, 90%, 95%,
98%, or 100% identical to an AARS reference polynucleotide, or a complement thereof,
as disclosed in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, or Table E2. In some
embodiments, the nucleotide sequence is codon optimized for bacterial expression. In
one aspect, the nucleotide sequence is at least 80% identical a polynucleotide sequence
disclosed in Table E2.

[0036] Specific AARS polynucleotides consist essentially of a nucleotide sequence
that is at least 80%, 85%., 90%, 95%, 98%., or 100% identical to an AARS reference
polynucleotide, or a complement thereof, as disclosed in Table(s) 1-3, or Table(s) 4-6,
or Table(s) 7-9, or Table E2. Other AARS polynucleotides comprise or consist
cssentially of a nucleotide sequence that specifically hybridizes to an AARS reference
polynucleotide, as disclosed in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, or Table
E2. In certain embodiments, the polynucleotide is selected from a primer, a probe, and
an antisense oligonucleotide. In specific embodiments, the primer, probe, or antisense
oligonucleotide is targeted to a specific or unique splice junction, and / or sequence 3’
of this splicc sitc within an AARS polynuclcotidc.

[0037] Certain embodiments include methods of determining presence or levels of
an AARS protein fragment in a sample, comprising contacting the sample with one or
more binding agents that specifically bind to an AARS protein fragment as described
herein, detecting the presence or absence of the binding agent, and thereby determining
the presence or levels of the AARS protein fragment. Other embodiments include
methods of determining presence or levels of an AARS protein fragment in a sample,
comprising analyzing the sample with a detector that is capable of specifically
identifying a protein fragment as described herein, and thereby determining the
presence or levels of the AARS protein fragment. In specific embodiments, the
detector is a mass spectrometer (MS), a flow cytometer, a protein imaging device, an
enzyme-linked immunosorbent assays (ELISA), or a protein microarray. Certain
embodiments comprise comparing the presence or levels of the AARS protein fragment

to a control sample or a predetermined value. Certain embodiments comprise

10



WO 2011/139853 PCT/US2011/034387

characterizing the state of the sample to distinguish it from the control. In specific
embodiments, the sample and control comprise a cell or tissue, and the method
comprises distinguishing between cells or tissues of different species, cells of different
tissues or organs, cclls at different ccllular developmental states, cells at different
cellular differentiation states, cells at different physiological states, or healthy and
diseased cells. For instance, selected resectins may be more abundant under conditions
such as stress or insult.

[0038] Certain embodiments include discovery methods of, and related
compositions for, identifying a compound that specifically binds to an aminoacyl-tRNA
synthetase (AARS) polypeptide as described herein, or one or more of its cellular
binding partners, comprising a) combining the AARS polypeptide or its cellular binding
partner or both with at least one test compound under suitable conditions, and b)
detecting binding of the AARS polypeptide or its cellular binding partner or both to the
test compound, thereby identifying a compound that specifically binds to the AARS
polypeptide or its cellular binding partner or both. In certain embodiments, the test
compound is a polypeptide or peptide, an antibody or antigen-binding fragment thercof,
a peptide mimetic, or a small molecule. In certain embodiments, the test compound
agonizes a non-canonical biological activity of the AARS polypeptide or its cellular
binding partner. In other embodiments, the test compound antagonizes a non-canonical
biological activity of the AARS polypeptide or its cellular binding partner. Certain
embodiments include a compound identified by the above-method, such as an agonist
(e.g., small molecule, peptide).

[0039] Certain embodiments include methods of determining presence or levels of a
polynucleotide sequence of an AARS splice variant in a sample, comprising contacting
the sample with one or more oligonucleotides that specifically hybridize to an AARS
polynucleotide as described herein, detecting the presence or absence of the
oligonucleotides in the sample, and thereby determining the presence or levels of the
polynucleotide sequence of the AARS splice variant. Other embodiments include
methods of determining presence or levels of a polynucleotide sequence of an AARS
splice variant in a sample, comprising contacting the sample with at least two
oligonucleotides that specifically amplify an AARS polynucleotide as described herein,
performing an amplification reaction, detecting the presence or absence of an amplified
product, and thereby determining presence or levels of the polynucleotide sequence of
the AARS splice variant. In specific embodiments, the oligonucleotide(s) specifically
hybridize to or specifically amplify a splice junction that is unique to the AARS splice
variant. Certain embodiments include comparing the presence or levels of the AARS

protein fragment or splice variant to a control sample or a predetermined value. Certain
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embodiments include characterizing the state of the sample to distinguish it from the
control. In specific embodiments, the sample and control comprise a cell or tissue, and
the method comprises distinguishing between cells or tissues of different species, cells
of diffcrent tissues or organs, cclls at different ccllular developmental states, cells at
different cellular differentiation states, or healthy and diseased cells.

[0040] Some embodiments include pharmaceutical compositions, comprising an
AARS polynucleotide described herein, an AARS polypeptide described herein, a
binding agent as described herein, or a compound identified by the above-method or
described herein, and a pharmaccutically acceptable excipicent or carricr.

[0041] Certain embodiments include methods of modulating a cellular activity of a
cell, comprising contacting the cell with an AARS polynucleotide described herein, an
AARS polypeptide described herein, a binding agent described herein, a compound of
the above-method or described herein, or a pharmaceutical composition described
herein. In specific embodiments, the cellular activity is sclected from cell proliferation,
cell migration, cell differentiation, apoptosis or cell death, cell signaling, angiogenesis,
cell binding, cellular uptake, cell secretion, metabolism, cytokine production or activity,
cytokine receptor activity, gene transcription, and inflammation. In one aspect, the cell
is selected from the group consisting of pre-adipocytes, bone marrow, neutrophils,
blood cells, hepatocytes, astrocytes, mesenchymal stem cells, and skeletal muscle cells.

[0042] In certain embodiments, the cell is in a subject. Certain embodiments
comprise treating the subject, wherein the subject has a condition associated with a
neoplastic disease, an immune system disease or condition, an infectious discase, a
metabolic disease, an inflammatory disorder, necuronal/neurological disease, a
muscular/cardiovascular discasc, a discasc associatcd with aberrant hematopoicsis, a
disease associated with aberrant angiogenesis, or a disease associated with aberrant cell
survival.

[0043] Also included are processes for manufacturing a pharmaceutical compound,
comprising: a) performing an irn vitro screen of one or more candidate compounds in the
presence an AARS protein fragment of at least 100 amino acids that comprises an
amino acid sequence as set forth in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, to
identify a compound that specifically binds to the AARS protein fragment; b)
performing a cell-based or biochemical or receptor assay with the compound identified
in step a), to identify a compound that modulates one or more non-canonical activities
of the AARS protein fragment; c) optionally assessing the structure-activity relationship
(SAR) of the compound identified in step b), to correlate its structure with modulation
of the non-canonical activity, and optionally derivatizing the compound to alter its

ability to modulate the non-canonical activity; and d) producing sufficient amounts of
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the compound identified in step b), or the derivatized compound in step c), for use in
humans, thereby manufacturing the pharmaceutical compound.

[0044] Other embodiments include processes for manufacturing a pharmaceutical
compound, comprising: a) performing an in vitro screen of onc or more candidate
compounds in the presence a cell-surface receptor or an extracellular portion thereof
that specifically binds to an AARS protein fragment of Table(s) 1-3, or Table(s) 4-6, or
Table(s) 7-9, to identify a compound that specifically binds to the cell-surface receptor
or extracellular portion thereof; b) performing a cell-based or biochemical or receptor
assay with the compound identified in stcp a), to identify a compound that modulates
one or more non-canonical activities of the AARS protein fragment; ¢) optionally
assessing the structure-activity relationship (SAR) of the compound identified in step
b), to correlate its structure with modulation of the non-canonical activity, and
optionally derivatizing the compound to alter its ability to modulate the non-canonical
activity; and d) producing sufficient amounts of the compound identified in step b), or
the derivatized compound in step c), for use in humans, thereby manufacturing the
pharmaceutical compound.

[0045] Some embodiments include a cellular composition, comprising an
engineered population of cells in which at least one cell comprises a polynucleotide
encoding a heterologous full length aminoacyl-tRNA synthetase (AARS) protein,
wherein the cells are capable of growing in a serum-free medium. In one aspect, the full
length aminoacyl-tRNA synthetase (AARS) protein comprises a heterologous
purification or epitope tag to facilitate purification of an AARS protein fragment. In
another aspect, the full length aminoacyl-tRNA synthetase (AARS) protein comprises a
heterologous protcolysis sitc to enable production of the AARS protein fragment upon
cleavage.

[0046] Some embodiments include a method for producing an AARS polypeptide
as set forth in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, or Table E2 in situ within a
cell, comprising; i) expressing a heterologous full length aminoacyl-tRNA synthetase
(AARS) protein within the cell, wherein the cell comprises a protease capable of
cleaving the heterologous full length aminoacyl-tRNA synthetase (AARS) protein to
produce the AARS polypeptide.

[0047] Some embodiments include a method for producing an AARS polypeptide
as set forth in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9, or Table E2 comprising
contacting an isolated full length aminoacyl-tRNA synthetase (AARS) protein with a
protease that is capable of cleaving the full length aminoacyl-tRNA synthetase (AARS)
protein and producing an AARS polypeptide.

13
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[0048] Some embodiments include an engineered full length aminoacyl-tRNA
synthetase (AARS) protein comprising a heterologous proteolysis site to enable the
proteolytic generation of an AARS protein fragment as set forth in any of Table(s) 1-3, or
Table(s) 4-6, or Table(s) 7-9 or Table E2.

[0049] Some embodiments include a composition, comprising an isolated full length
aminoacyl-tRNA synthetase protein, wherein the composition has a purity of at least about
95% on a protein basis, less than about 10 EU endotoxin / mg protein, and is substantially
serum free. In one aspect, the full length aminoacyl-tRNA synthetase protein is present at a
concentration of at least 10 mg / mL, and is at least 90% monodisperse.

[0050] A further embodiment includes a method of treating a disease or disorder
mediated by the dysregulation of the expression, activity or spatiotemporal location of a
tRNA synthetase via the administration of an AARS protein fragment, or nucleic acid
encoding the ARRS protein fragment, as set forth in any of Table(s) 1-3, or Table(s) 4-6,
or Table(s) 7-9, or Table E2. In one aspect of this embodiment, the disease is selected
cancer, neuropathy, diabetes, and inflammatory disorders.

[0050a] In an aspect, the present invention relates to a therapeutic composition,
comprising an isolated aminoacyl-tRNA synthetase (AARS) polypeptide that is at least
95%, 98%, or 100% identical to SEQ ID NO: 81 or 142, or a fragment thereof which is
200 or more contiguous amino acids of SEQ ID NO: 81 or 142, wherein the polypeptide
has an extracellular signaling activity and has a solubility of at least about 5 mg/mL, and
wherein the composition has a purity of at least about 95% on a protein basis and less than
about 10 EU endotoxin / mg protein.

[0050b] In another aspect, the present invention relates to a cellular composition or
growth device, comprising an aminoacyl-tRNA synthetase (AARS) polypeptide that is at
least 95%, 98%, or 100% identical to SEQ ID NO: 81 or 142, or a fragment thereof which
is 200 or more contiguous amino acids of SEQ ID NO: 81 or 142, and an element selected
from the group consisting of

(1) an engineered population of cells in which at least one cell comprises a

polynucleotide encoding said AARS polypeptide, wherein the cells are capable of
growing in a serum-free medium, and

(i) an engineered population of cells in which at least one cell comprises a

polynucleotide encoding said AARS polypeptide, at least about 10 liters of a
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serum- free growth medium, and a sterile container.

[0050c] In another aspect, the present invention relates to a method of identifying a
compound that specifically binds to an aminoacyl-tRNA synthetase (AARS) polypeptide
that is at least 95%, 98%, or 100% identical to SEQ ID NO: 81 or 142, or a fragment
thereof which is 200 or more contiguous amino acids of SEQ ID NO: 81 or 142,
comprising

a) combining the AARS polypeptide with at least one test compound under suitable

conditions, and

b) detecting binding of the AARS polypeptide to the test compound, thereby

identifying a compound that specifically binds to the AARS polypeptide.

[0050d] In another aspect, the present invention relates to an engineered full length
aminoacyl-tRNA synthetase (AARS) protein comprising a heterologous proteolysis site to
enable the proteolytic generation of an AARS polypeptide that is at least 95%, 98%, or
100% identical to SEQ ID NO: 81 or 142, or a fragment thereof which is 200 or more
contiguous amino acids of SEQ ID NO: 81 or 142.

[0050e] In another aspect, the present invention relates to a method for treating a
neurological disease in a subject in need thereof comprising administering to the subject a
therapeutic composition in accordance with the present invention.

[0050f] In another aspect, the present invention relates to a method for treating
chronic granulomatous disease (CGD) or a condition where the oxidative burst of
granulocytes is impaired in a subject in need thereof comprising administering to the
subject an effective amount of a therapeutic composition in accordance with the present
invention.

[0050g] In another aspect, the present invention relates to a method for treating an
inflammatory disease in a subject in need thereof comprising administering to the subject
an effective amount of a therapeutic composition in accordance with the present invention.

[0050h] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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L OVERVIEW

[0068] The current invention is directed, at least in part, to the discovery of novel
AARS polypeptides, and methods for their preparation and use, that represent the
transformation of native wild type proteins into new forms that cxhibit markedly
different characteristics compared to the naturally occurring full length Alanyl tRNA
synthetase genes. Such AARS polypeptides were identified based on extensive
sequence, and mass spectrum analysis of expressed Alanyl tRNA synthetase in different
tissues, followed by the systematic production and testing of each potential AARS
polypeptide to identify protcin scquences that represent stable and soluble protein
domains which exhibit novel biological activities.

[0069] Based on this analysis at least two novel families of AARS polypeptides
derived from Alanyl tRNA synthetase have been identified.

[0070] In onec aspect, such Alanyl tRNA synthetase derived AARS polypeptides
comprisc polypeptide scquences comprising approximately the first 400 to 530 amino
acids of Alanyl tRNA synthetase.

[0071] In a second aspect, such Alanyl tRNA synthetase derived AARS
polypeptides comprise polypeptide sequences comprising approximately the last 221 to
210 amino acids of Alanyl tRNA synthetase.

[0072] These new AARS polypeptide families represent novel, previously unknown
protein products which exhibit inter alia 1) novel biological activity, ii) favorable
protein stability and aggregation characteristics, and iii) the ability to expressed and
produced at high level in prokaryotic expression systems, which are materially different

from the intact wild type protein.

11 DEFINITIONS

[0073] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by those of ordinary skill in the art to
which the invention belongs. Although any methods and materials similar or equivalent
to those described herein can be used in the practice or testing of the present invention,
preferred methods and materials are described. For the purposes of the present
invention, the following terms are defined below.

[0074] The articles “a” and “an” are used herein to refer to one or to more than one
(i.e., to at least one) of the grammatical object of the article. By way of example, “an
element” means one element or more than one element.

[0075] By “about” is meant a quantity, level, value, number, frequency, percentage,
dimension, size, amount, weight or length that varies by as much as 30, 25, 20, 25, 10,
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9,8,7,6,5,4, 3,2 or 1% to a reference quantity, level, value, number, frequency,
percentage, dimension, size, amount, weight or length.

[0076] An “agonist” refers to a molecule that intensifies or mimics an activity. For
cxample, a non-canonical biological activity of an AARS, or another protein. Agonists
may include proteins, nucleic acids, carbohydrates, small molecules, or any other
compound or composition that modulates the activity of an AARS either by directly
interacting with the AARS or its binding partner, or by acting on components of the
biological pathway in which the AARS participates. Included are partial and full
agonists.

[0077] As used herein, the term “amino acid” is intended to mean both naturally
occurring and non-naturally occurring amino acids as well as amino acid analogs and
mimetics. Naturally occurring amino acids include the 20 (L)-amino acids utilized
during protein biosynthesis as well as others such as 4-hydroxyproline, hydroxylysine,
desmosine, isodesmosine, homocysteine, citrulline and ornithine, for examplc. Non-
naturally occurring amino acids include, for example, (D)-amino acids, norleucine,
norvaline, p-fluorophenylalanine, ethionine and the like, which are known to a person
skilled in the art. Amino acid analogs include modified forms of naturally and non-
naturally occurring amino acids. Such modifications can include, for example,
substitution or replacement of chemical groups and moicties on the amino acid or by
derivitization of the amino acid. Amino acid mimetics include, for example, organic
structures which exhibit functionally similar properties such as charge and charge
spacing characteristic of the reference amino acid. For example, an organic structure
which mimics Arginine (Arg or R) would have a positive charge moiety located in
similar molecular space and having the same degree of mobility as the e-amino group of
the side chain of the naturally occurring Arg amino acid. Mimetics also include
constrained structures so as to maintain optimal spacing and charge interactions of the
amino acid or of the amino acid functional groups. Those skilled in the art know or can
determine what structures constitute functionally equivalent amino acid analogs and
amino acid mimetics.

[0078] In certain aspects, the use of non-natural amino acids can be utilized to
modify (e.g., increase) a selected non-canonical activity of an AARS protein fragment,
or to alter the in vivo or in vitro half-life of the protein. Non-natural amino acids can
also be used to facilitate (selective) chemical modifications (e.g., pegylation) of an
AARS protein. For instance, certain non-natural amino acids allow selective
attachment of polymers such as PEG to a given protein, and thereby improve their
pharmacokinetic properties.
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[0079] Specific examples of amino acid analogs and mimetics can be found
described in, for example, Roberts and Vellaccio, The Peptides: Analysis, Synthesis,
Biology, Eds. Gross and Meinhofer, Vol. 5, p. 341, Academic Press, Inc., New York,
N.Y. (1983), the entire volume of which is incorporated hercin by reference. Other
examples include peralkylated amino acids, particularly permethylated amino acids.
See, for example, Combinatorial Chemistry, Eds. Wilson and Czarnik, Ch. 11, p. 235,
John Wiley & Sons Inc., New York, N.Y. (1997), the entire book of which is
incorporated herein by reference. Yet other examples include amino acids whose amide
portion (and, therefore, the amide backbone of the resulting peptide) has been replaced,
for example, by a sugar ring, steroid, benzodiazepine or carbo cycle. See, for instance,
Burger’s Medicinal Chemistry and Drug Discovery, Ed. Manfred E. Wolff, Ch. 15, pp.
619-620, John Wiley & Sons Inc., New York, N.Y. (1995), the entire book of which is
incorporated herein by reference. Methods for synthesizing peptides, polypeptides,
peptidomimetics and proteins are well known in the art (see, for example, U.S. Pat. No.
5,420,109; M. Bodanzsky, Principles of Peptide Synthesis (Ist ed. & 2d rev. ed.),
Springer-Verlag, New York, N.Y. (1984 & 1993), sec Chapter 7; Stewart and Young,
Solid Phase Peptide Synthesis, (2d ed.), Pierce Chemical Co., Rockford, 1. (1984),
cach of which is incorporated herein by reference). Accordingly, the AARS
polypeptides of the present invention may be composed of naturally occurring and non-
naturally occurring amino acids as well as amino acid analogs and mimetics.

[0080] The term “antagonist” refers to a molecule that reduces or attenuates an
activity. For example, a non-canonical biological activity of an AARS, or another
protein.  Antagonists may include proteins such as antibodies, nucleic acids,
carbohydrates, small molecules, or any other compound or composition that modulates
the activity of an AARS or its binding partner, either by directly interacting with the
AARS or its binding partner or by acting on components of the biological pathway in
which the AARS participates. Included are partial and full antagonists.

[0081] The term “aminoacyl-tRNA synthetase” (AARS) refers generally to
enzymes that in their natural or wild-type form are capable of catalyzing the
esterification of a specific amino acid or its precursor to one of all its compatible
cognate tRNAs to form an aminoacyl-tRNA. In this “canonical” activity, aminoacyl-
tRNA synthetases catalyze a two-step reaction: first, they activate their respective
amino acid by forming an aminoacyl-adenylate, in which the carboxyl of the amino acid
is linked in to the alpha-phosphate of ATP by displacing pyrophosphate, and then, when
the correct tRNA is bound, the aminoacyl group of the aminoacyl-adenylate is
transferred to the 2’ or 37 terminal OH of the tRNA.
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[0082] Class I aminoacyl-tRNA synthetases typically have two highly conserved
sequence motifs. These enzymes aminoacylate at the 2°-OH of an adenosine
nucleotide, and are usually monomeric or dimeric. Class II aminoacyl-tRNA
synthetases typically have three highly conserved sequence motifs. These enzymes
aminoacylate at the 3’-OH of the same adenosine, and are usually dimeric or tetrameric.
The active sites of class I enzymes are mainly made up of a seven-stranded anti-
parallel B-sheet flanked by a-helices. Although phenylalanine-tRNA synthetase is class
I1, it aminoacylates at the 2°-OH.

[0083] AARS polypeptides include sources of mitochondrial and cytoplasmic forms
of tyrosyl-tRNA synthetase (TyrRS), a tryptophanyl-tRNA synthetase (TrpRS), a
glutaminyl-tRNA synthetase (GInRS), a glycyl-tRNA synthetase (GlyRS), a histidyl-
tRNA synthetase (HisRS), a seryltRNA synthetase (SerRS), a phenylalanyl-tRNA
synthetase (PheRS), an alanyl-tRNA synthetase (AlaRS), an asparaginyl-tRNA
synthetase (AsnRS), an aspartyl-tRNA synthetase (AspRS), a cysteinyl-tRNA
synthetase (CysRS), a glutamyl-tRNA synthetase (GluRS), a prolyl-tRNA synthetase
(ProRS), an arginyl-tRNA synthetase (ArgRS), an isoleucyl-tRNA synthetase (1leRS), a
leucyl-tRNA synthetase (LeuRS), a lysyl-tRNA synthetase (LysRS), a threonyl-tRNA
synthetase (ThrRS), a methionyl-tRNA synthetases (MetRS), or a valyl-tRNA
synthetase (ValRS). The wild-type or parental sequences of these AARS polypeptides
are known in the art.

[0084] By “coding sequence” is meant any nucleic acid sequence that contributes to
the code for the polypeptide product of a gene. By contrast, the term “non-coding
sequence” refers to any nucleic acid sequence that does not contribute to the code for
the polypeptide product of a gene.

[0085] Throughout this specification, unless the context requires otherwise, the

73 &

words “comprise,” “comprises,” and “‘comprising” will be understood to imply the
inclusion of a stated step or element or group of steps or elements but not the exclusion
of any other step or element or group of steps or elements.

[0086] By “‘consisting of”’ is meant including, and limited to, whatever follows the
phrase “consisting of.” Thus, the phrase “consisting of” indicates that the listed
elements are required or mandatory, and that no other elements may be present. By
“consisting essentially of” is meant including any elements listed after the phrase, and
limited to other elements that do not interfere with or contribute to the activity or action
specified in the disclosure for the listed elements.  Thus, the phrase “‘consisting
essentially of” indicates that the listed elements are required or mandatory, but that
other elements are optional and may or may not be present depending upon whether or

not they materially affect the activity or action of the listed elements.
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[0087] The recitation “endotoxin free” or “substantially endotoxin free” relates
generally to compositions, solvents, and/or vessels that contain at most trace amounts
(e.g., amounts having no clinically adverse physiological effects to a subject) of
endotoxin, and preferably undetectable amounts of endotoxin. Endotoxins are toxins
associated with certain bacteria, typically gram-negative bacteria, although endotoxins
may be found in gram-positive bacteria, such as Listeria monocytogenes. The most
prevalent endotoxins are lipopolysaccharides (LPS) or lipo-oligo-saccharides (LOS)
found in the outer membrane of various Gram-negative bacteria, and which represent a
central pathogenic featurc in the ability of these bacteria to cause discase. Small
amounts of endotoxin in humans may produce fever, a lowering of the blood pressure,
and activation of inflammation and coagulation, among other adverse physiological
effects.

[0088] Therefore, in pharmaceutical production of AARS polypeptides, it is often
desirable to remove most or all traces of cndotoxin from drug products and/or drug
containers, because even small amounts may cause adverse effects in humans. A
depyrogenation oven may be used for this purpose, as temperatures in excess of 300°C
are typically required to break down most endotoxins. For instance, based on primary
packaging material such as syringes or vials, the combination of a glass temperature of
250°C and a holding time of 30 minutes is often sufficient to achieve a 3 log reduction
in endotoxin levels. Other methods of removing endotoxins are contemplated,
including, for example, chromatography and filtration methods, as described herein and
known in the art. Also included are methods of producing AARS polypeptides in, and
isolating them from, eukaryotic cells such as mammalian cells, to reduce if not
climinate the risk of endotoxins being present in a composition of the invention.
Preferred are methods of producing AARS polypeptides in and isolating them from
serum free cells. Such compositions comprising AARS polypeptides, represent new
formulations which exhibit novel and new biological and therapeutic characteristics not
found in AARS polypeptide compositions contaminated with serum or endotoxin which
have the potential to bind to and alter the novel biological properties of the AARS
polypeptides.

[0089] Endotoxins can be detected using routine techniques known in the art. For
example, the Limulus Ameobocyte Lysate assay, which utilizes blood from the
horseshoe crab, is a very sensitive assay for detecting presence of endotoxin, and
reagents, kits and instrumentation for the detection of endotoxin based on this assay are
commercially available, for example from the Lonza Group. In this test, very low
levels of LPS can cause detectable coagulation of the limulus lysate due a powerful

enzymatic cascade that amplifies this reaction. Endotoxins can also be quantitated by

19



WO 2011/139853 PCT/US2011/034387

enzyme-linked immunosorbent assay (ELISA). To be substantially endotoxin free,
endotoxin levels may be less than about 0.001, 0.005, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06,
0.08, 0.09, 0.1, 0.5, 1.0, 1.5, 2, 25, 3,4, 5,6, 7, 8,9, or 10 EU /mg of protein.
Typically, 1 ng lipopolysaccharide (LPS) corresponds to about 1-10 EU.

[0090] In certain embodiments, the “purity” of any given agent (e.g., AARS protein
fragment) in a composition may be specifically defined. For instance, certain
compositions may comprise an agent that is at least 80, 85, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, or 100% pure, including all decimals in between, as measured, for example
and by no mcans limiting, by high pressurc liquid chromatography (HPLC), a well-
known form of column chromatography used frequently in biochemistry and analytical
chemistry to separate, identify, and quantify compounds.

[0091] As used herein, the terms “function” and “functional” and the like refer to a
biological, enzymatic, or therapeutic function.

[0092] By “gene” is meant a unit of inheritance that may occupy a specific locus on
a chromosome and consists of transcriptional and/or translational regulatory sequences
and/or a coding region and/or non-translated sequences (i.e., introns, 5’ and 3’
untranslated sequences).

[0093] “Homology” refers to the percentage number of amino acids that are
identical or constitute conservative substitutions. Homology may be determined using
sequence comparison programs such as GAP (Deveraux et al., 1984, Nucleic Acids
Research 12, 387-395), which is incorporated hercin by reference. In this way
sequences of a similar or substantially different length to those cited herein could be
compared by insertion of gaps into the alignment, such gaps being determined, for
example, by the comparison algorithm used by GAP.

[0094] The term “host cell” includes an individual cell or cell culture that can be or
has been a recipient of any recombinant vector(s), isolated polynucleotide, or
polypeptide of the invention. Host cells include progeny of a single host cell, and the
progeny may not necessarily be completely identical (in morphology or in total DNA
complement) to the original parent cell due to natural, accidental, or deliberate mutation
and/or change. A host cell includes cells transfected or infected in vivo or in vitro with
a recombinant vector or a polynucleotide of the invention. A host cell which comprises
a recombinant vector of the invention is a recombinant host cell.

[0095] By “isolated” is meant material that is substantially or essentially free from
components that normally accompany it in its native state. For example, an “isolated
polynucleotide,” as used herein, includes a polynucleotide that has been purified from
the sequences that flank it in its naturally-occurring state, e.g., a DNA fragment which

has been removed from the sequences that are normally adjacent to the fragment.
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Alternatively, an “isolated peptide” or an “isolated polypeptide” and the like, as used
herein, includes the in vitro isolation and/or purification of a peptide or polypeptide
molecule from its natural cellular environment, and from association with other
components of the ccll; i.e., it is not significantly associated with in vivo substances.

[0096] The term “mRNA” or sometimes refer by “mRNA transcripts” as used
herein, include, but not limited to pre-mRNA transcript(s), transcript processing
intermediates, mature mRNA(s) ready for translation and transcripts of the gene or
genes, or nucleic acids derived from the mRNA transcript(s). Transcript processing
may include splicing, editing and degradation. As used herein, a nucleic acid derived
from an mRNA transcript refers to a nucleic acid for whose synthesis the mRNA
transcript or a subsequence thereof has ultimately served as a template. A cDNA
reverse transcribed from an mRNA, an RNA transcribed from that cDNA, a DNA
amplified from the cDNA, an RNA transcribed from the amplified DNA, etc., arc all
derived from the mRNA transcript and detection of such derived products is indicative
of the presence and/or abundance of the original transcript in a sample. Thus, mRNA
derived samples include, but are not limited to, mRNA transcripts of the gene or genes,
cDNA reverse transcribed from the mRNA, cRNA transcribed from the cDNA, DNA
amplified from the genes, RNA transcribed from amplified DNA, and the like.

[0097] “Non-canonical” activity as used herein, refers generally to cither 1) a new
activity possessed by an AARS polypeptide of the invention that is not possessed to any
significant degree by the intact native full length parental protein, or ii) an activity that
was possessed by the by the intact native full length parental protein, where the AARS
polypeptide either exhibits a significantly higher (i.e. at least 20% greater) specific
activity compared to the intact native full length parcntal protcin, or cxhibits the activity
in a new context; for example by isolating the activity from other activities possessed
by the intact native full length parental protein. In the case of AARS polypeptides, non-
limiting examples of non-canonical activities include extracellular signaling, RNA-
binding, amino acid-binding, modulation of cell proliferation, modulation of cell
migration, modulation of cell differentiation (e.g., hematopoiesis, neurogenesis,
myogenesis, osteogenesis, and adipogenesis), modulation of gene transcription,
modulation of apoptosis or other forms of cell death, modulation of cell signaling,
modulation of cellular uptake, or secretion, modulation of angiogenesis, modulation of
cell binding, modulation of cellular metabolism, modulation of cytokine production or
activity, modulation of cytokine receptor activity, modulation of inflammation, and the
like.

[0098] The term “‘half maximal effective concentration” or “ECsy” refers to the

concentration of an AARS protein fragment, antibody or other agent described herein at
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which it induces a response halfway between the baseline and maximum after some
specified exposure time; the ECsg of a graded dose response curve therefore represents
the concentration of a compound at which 50% of its maximal effect is observed. In
certain embodiments, the ECso of an agent provided herein is indicated in relation to a
“non-canonical” activity, as noted above. ECso also represents the plasma
concentration required for obtaining 50% of a maximum effect in vivo. Similarly, the
“ECg” refers to the concentration of an agent or composition at which 90% of its
maximal effect is observed. The “ECqq” can be calculated from the “ECsy” and the Hill
slope, or it can be determined from the data directly, using routine knowledge in the art.
In some embodiments, the ECsq of an AARS protein fragment, antibody, or other agent
is less than about 0.01, 0.05, 0.1,0.2, 0.3, 0.4, 0.5,0.6,0.7,0.8,09, 1,2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, 60, 70, 80, 90, or 100 nM.
Preferably, biotherapeutic composition will have an ECsg value of about 1nM or less.

2

[0099] The term “modulating” includes “increasing” or “stimulating,” as well as
“decreasing” or “reducing,” typically in a statistically significant or a physiologically
significant amount as compared to a control. Accordingly a “modulator” may be an
agonist, an antagonist, or any mixture thereof depending upon the conditions used. An
“increased” or “enhanced” amount is typically a “statistically significant” amount, and
may include an incrcasc that is 1.1, 1.2, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30 or more
times (e.g., 500, 1000 times) (including all integers and decimal points in between and
above 1, e.g, 1.5, 1.6, 1.7. 1.8, etc.) the amount produced by no composition (the
absence of an agent or compound) or a control composition. A “decreased” or reduced
amount is typically a “statistically significant” amount, and may include a 1%, 2%, 3%,
4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18% , 19%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 100% decrease in the amount produced by no composition (the absence of an
agent or compound) or a control composition, including all integers in between. As one
non-limiting example, a control in comparing canonical and non-canonical activities
could include the AARS protein fragment of interest compared to its corresponding
full-length AARS, or a fragment AARS having comparable canonical activity to its
corresponding full-length AARS. Other examples of “statistically significant” amounts
are described herein.

[00100] By “obtained from” is meant that a sample such as, for example, a
polynucleotide extract or polypeptide extract is isolated from, or derived from, a
particular source of the subject. For example, the extract can be obtained from a tissue
or a biological fluid isolated directly from the subject. “Derived” or “obtained from”

can also refer to the source of a polypeptide or polynucleotide sequence. For instance,
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an AARS sequence of the present invention may be “derived” from the sequence
information of an AARS proteolytic fragment or AARS splice variant, or a portion
thereof, whether naturally-occurring or artificially generated, and may thus comprise,
consist essentially of, or consist of that sequence.

[00101] The terms “polypeptide” and “protein” are used interchangeably herein to
refer to a polymer of amino acid residues and to variants and synthetic and naturally
occurring analogues of the same. Thus, these terms apply to amino acid polymers in
which one or more amino acid residues are synthetic non-naturally occurring amino
acids, such as a chemical analogue of a corrcsponding naturally occurring amino acid,
as well as to naturally-occurring amino acid polymers and naturally occurring chemical
derivatives thereof. Such derivatives include, for example, post-translational
modifications and degradation products including pyroglutamyl, iso-aspartyl,
proteolytic, phosphorylated, glycosylated, oxidatized, isomerized, and deaminated
variants of the AARS reference fragment.

[00102] The recitations “sequence identity” or, for example, comprising a “sequence
50% identical to,” as used herein, refer to the extent that sequences are identical on a
nucleotide-by-nucleotide basis or an amino acid-by-amino acid basis over a window of
comparison. Thus, a “percentage of sequence identity” may be calculated by
comparing two optimally aligned sequences over the window of comparison,
determining the number of positions at which the identical nucleic acid base (e.g., A, T,
C, G, 1) or the identical amino acid residue (e.g., Ala, Pro, Ser, Thr, Gly, Val, Leu, Ile,
Phe, Tyr, Trp, Lys, Arg, His, Asp, Glu, Asn, Gln, Cys and Met) occurs in both
sequences to yield the number of matched positions, dividing the number of matched
positions by thc total number of positions in thc window of comparison (i.e., the
window size), and multiplying the result by 100 to yield the percentage of sequence
identity.

[00103] Terms used to describe sequence relationships between two or more

9% ¢

polynucleotides or polypeptides include “reference sequence,” “comparison window,”

EX S

“sequence identity,” “percentage of sequence identity” and “substantial identity.” A
“reference sequence” is at least 12 but frequently 15 to 18 and often at least 25
monomer units, inclusive of nucleotides and amino acid residues, in length. Because
two polynucleotides may each comprise (1) a sequence (i.e., only a portion of the
complete polynucleotide sequence) that is similar between the two polynucleotides, and
(2) a sequence that is divergent between the two polynucleotides, sequence comparisons
between two (or more) polynucleotides are typically performed by comparing
sequences of the two polynucleotides over a “comparison window” to identify and

2

compare local regions of sequence similarity. A “comparison window” refers to a
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conceptual segment of at least 6 contiguous positions, usually about 50 to about 100,
more usually about 100 to about 150 in which a sequence is compared to a reference
sequence of the same number of contiguous positions after the two sequences are
optimally aligned. The comparison window may comprise additions or deletions (i.e.,
gaps) of about 20% or less as compared to the reference sequence (which does not
comprise additions or deletions) for optimal alignment of the two sequences. Optimal
alighment of sequences for aligning a comparison window may be conducted by
computerized implementations of algorithms (GAP, BESTFIT, FASTA, and TFASTA
in the Wisconsin Genetics Softwarc Package Release 7.0, Genetics Computer Group,
575 Science Drive Madison, WI, USA) or by inspection and the best alignment (i.e.,
resulting in the highest percentage homology over the comparison window) generated
by any of the various methods selected. Reference also may be made to the BLAST
family of programs as for example disclosed by Altschul ez al., 1997, Nucl. Acids Res.
25:3389. A detailed discussion of sequence analysis can be found in Unit 19.3 of
Ausubel et al., “Current Protocols in Molecular Biology,” John Wiley & Sons Inc,
1994-1998, Chapter 15.

[00104] Calculations of sequence similarity or sequence identity between sequences
(the terms are used interchangeably herein) are performed as follows. To determine the
percent identity of two amino acid sequences, or of two nucleic acid sequences, the
sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in
one or both of a first and a second amino acid or nucleic acid sequence for optimal
alignment and non-homologous sequences can be disregarded for comparison
purposes). In certain embodiments, the length of a reference sequence aligned for
comparison purposcs is at lcast 30%, preferably at Icast 40%, more preferably at lcast
50%, 60%, and even more preferably at least 70%, 80%, 90%, 100% of the length of
the reference sequence. The amino acid residues or nucleotides at corresponding amino
acid positions or nucleotide positions are then compared. When a position in the first
sequence is occupied by the same amino acid residue or nucleotide as the corresponding
position in the second sequence, then the molecules are identical at that position.

[00105] The percent identity between the two sequences is a function of the number
of identical positions shared by the sequences, taking into account the number of gaps,
and the length of each gap, which need to be introduced for optimal alignment of the
two sequences.

[00106] The comparison of sequences and determination of percent identity between
two sequences can be accomplished using a mathematical algorithm. In a preferred
embodiment, the percent identity between two amino acid sequences is determined
using the Needleman and Wunsch, (1970, J. Mol. Biol. 48: 444-453) algorithm which
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has been incorporated into the GAP program in the GCG software package (available at
http://www.gcg.com), using either a Blossum 62 matrix or a PAM250 matrix, and a gap
weight of 16, 14, 12, 10, &, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet
another preferred embodiment, the percent identity between two nucleotide sequences
is determined using the GAP program in the GCG software package (available at
http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60,
70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. A particularly preferred set of
parameters (and the one that should be used unless otherwise specified) are a Blossum
62 scoring matrix with a gap penalty of 12, a gap extend penalty of 4, and a frame shift
gap penalty of 5.

[00107] The percent identity between two amino acid or nucleotide sequences can be
determined using the algorithm of E. Meyers and W. Miller (1989, Cabios, 4: 11-17)
which has been incorporated into the ALIGN program (version 2.0), using a PAM120
weight residuc table, a gap length penalty of 12 and a gap penalty of 4.

[00108] The nucleic acid and protein sequences described herein can be used as a
“query sequence” to perform a scarch against public databases to, for example, identify
other family members or related sequences. Such searches can be performed using the
NBLAST and XBLAST programs (version 2.0) of Altschul, ez al., (1990, J. Mol. Biol,
215: 403-10). BLAST nucleotide scarches can be performed with the NBLAST
program, score = 100, wordlength = 12 to obtain nucleotide sequences homologous to
nucleic acid molecules of the invention. BLAST protein searches can be performed
with the XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences
homologous to protein molecules of the invention. To obtain gapped alignments for
comparison purposes, Gapped BLAST can be utilized as described in Altschul et al.,
(1997, Nucleic Acids Res, 25: 3389-3402). When utilizing BLAST and Gapped
BLAST programs, the default parameters of the respective programs (e.g., XBLAST
and NBLAST) can be used.

[00109] The term “‘solubility” refers to the property of an agent provided herein to
dissolve in a liquid solvent and form a homogencous solution. Solubility is typically
expressed as a concentration, either by mass of solute per unit volume of solvent (g of
solute per kg of solvent, g per dL (100 mL), mg/ml, etc.), molarity, molality, mole
fraction or other similar descriptions of concentration. The maximum equilibrium
amount of solute that can dissolve per amount of solvent is the solubility of that solute
in that solvent under the specified conditions, including temperature, pressure, pH, and
the nature of the solvent. In certain embodiments, solubility is measured at
physiological pH. In certain embodiments, solubility is measured in water or a

physiological buffer such as PBS. In certain embodiments, solubility is measured in a
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biological fluid (solvent) such as blood or serum. In certain embodiments, the
temperature can be about room temperature (e.g., about 20, 21, 22, 23, 24, 25°C) or
about body temperature (37°C). In certain embodiments, an agent such as an AARS
protein fragment has a solubility of at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
09,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, or 30 mg/ml at
room temperature or at 37°C.

[00110] A “splice junction” as used herein includes the region in a mature mRNA
transcript or the encoded polypeptide where the 3 end of a first exon joins with the 5’
end of a second exon. The size of the region may vary, and may include 2, 3, 4, 5, 6, 7,
8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100 or more (including all integers in between) nucleotide or amino acid
residues on either side of the exact residues where the 3 end of one exon joins with the
5’ end of another exon. An “exon” refers to a nucleic acid sequence that is represented
in thc mature form of an RNA molccule after cither portions of a precursor RNA
(introns) have been removed by cis-splicing or two or more precursor RNA molecules
have been ligated by trans-splicing. The mature RNA molecule can be a messenger
RNA or a functional form of a non-coding RNA such as rRNA or tRNA. Depending on
the context, an exon can refer to the sequence in the DNA or its RNA transcript. An
“intron” refers to a non-coding nucleic acid region within a gene, which is not
translated into a protein. Non-coding intronic sections are transcribed to precursor
mRNA (pre-mRNA) and some other RNAs (such as long noncoding RNAs), and
subsequently removed by splicing during the processing to mature RNA.

[00111] A “splice variant” refers to a mature mRNA and its encoded protein that are
produced by altcrnative splicing, a process by which the cxons of the RNA (a primary
gene transcript or pre-mRNA) are reconnected in multiple ways during RNA splicing.
The resulting different mRNAs may be translated into different protein isoforms,
allowing a single gene to code for multiple proteins.

[00112] A “subject,” as used herein, includes any animal that exhibits a symptom, or
is at risk for exhibiting a symptom, which can be treated or diagnosed with an AARS
polynucleotide or polypeptide of the invention. Also included are subjects for which it
is desirable to profile levels of AARS polypeptides and/or polynucleotides of the
invention, for diagnostic or other purposes. Suitable subjects (patients) include
laboratory animals (such as mouse, rat, rabbit, or guinea pig), farm animals, and
domestic animals or pets (such as a cat or dog). Non-human primates and, preferably,
human patients, are included.

[00113] “Treatment” or “treating,” as used herein, includes any desirable effect on

the symptoms or pathology of a disease or condition that can be effected by the non-
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canonical activities of an AARS polynucleotide or polypeptide, as described herein, and
may include even minimal changes or improvements in one or more measurable
markers of the disecase or condition being treated. Also included are treatments that
relate to non-AARS therapies, in which an AARS sequence described herein provides a
clinical marker of treatment. “Treatment” or “treating” does not necessarily indicate
complete eradication or cure of the discase or condition, or associated symptoms
thercof. The subject receiving this treatment is any subject in need therecof. Exemplary
markers of clinical improvement will be apparent to persons skilled in the art.

[00114] The practice of the present invention will employ, unless indicated
specifically to the contrary, conventional methods of molecular biology and
recombinant DNA techniques within the skill of the art, many of which are described
below for the purpose of illustration. Such techniques are explained fully in the
literature. See, e.g., Sambrook, et al., Molecular Cloning: A Laboratory Manual (3™
Edition, 2001); DNA Cloning: A Practical Approach, vol. 1 & 11 (D. Glover, cd.);
Oligonucleotide Synthesis (N. Gait, ed., 1984); Oligonucleotide Synthesis: Methods and
Applications (P. Herdewijn, ed., 2004); Nucleic Acid Hybridization (B. Hames & S.
Higgins, eds., 1985); Nucleic Acid Hybridization: Modern Applications (Buzdin and
Lukyanov, eds., 2009); Transcription and Translation (B. Hames & S. Higgins, eds.,
1984); Animal Cell Culture (R. Freshney, ed., 1986); Freshney, R 1. (2005) Culture of
Animal Cells, a Manual of Basic Technigue, 5™ Ed. Hoboken NJ, John Wiley & Sons;
B. Perbal, 4 Practical Guide to Molecular Cloning (3rd Edition 2010); Farrell, R., RNA
Methodologies: A Laboratory Guide for Isolation and Characterization (3" Edition
2005), Methods of Enzymology: DNA Structure Part A: Synthesis and Physical Analysis
of DNA Mcthods in Enzymology, Academic Press; Using Antibodies: A Laboratory
Manual: Portable Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999,
Cold Spring Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies: A Laboratory
Manual by Ed Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor
Laboratory Press, ISBN 0-87969-3,4-2), 1855. Handbook of Drug Screening, edited by
Ramakrishna Secthala, Prabhavathi B. Fernandes (2001, New York, N.Y., Marcel
Dekker, ISBN 0-8247-0562-9); and Lab Ref: A Handbook of Recipes, Reagents, and
Other Reference Tools for Use at the Bench, Edited Jane Roskams and Linda Rodgers,
(2002, Cold Spring Harbor Laboratory, ISBN 0-87969-630-3).

[00115] All publications, patents and patent applications cited herein are hereby

incorporated by reference in their entirety.
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1T PURIFIED AARS PROTEIN FRAGMENTS AND VARIANTS FOR THERAPEUTICS AND
OTHER APPLICATIONS

[00116] Surprisingly, and unlike their full-length parental sequences that are known
only for their aminoacylation-activitics, it has been found that AARS fragments possess
biological activities important for biotherapeutic, discovery and diagnostic applications.
Embodiments of the present invention therefore include full length proteins, mature
protein isoforms and protein fragments of aminoacyl-tRNA synthetases (AARS), in
addition to biologically active variants and fragments thereof. In certain embodiments,
the proteins and fragments may arisc through cndogenous proteolysis, in vitro
The

AARS protein fragments described herein, and variants thereof, may possess at least

proteolysis, splice variation, or in silico prediction, among other mechanisms.

one “non-canonical” biological activity. The AARS protein fragment(s) of the present
invention are also referred to herein as “AARS polypeptides” or “AARS reference
polypeptides.” In certain embodiments, the AARS polypeptides provided herein
comprise or consist essentially of all or a portion of the AARS polypeptide “reference
sequence(s)” as set forth in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9 below, which
represent the amino acid sequence(s) of various fragments of Alanyl tRNA synthetases.
Mouse and human AARS protein sequences are highly related, typically differing by no
more than a few amino acids within an entire sequence, a particular domain, or a

particular protein fragment.

N-terminal AARS Polypeptides: (Tables 1,2 & 3)

Table 1A
N-terminal AARS polypeptides identified by MS

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID
.NO.

AlaRS1Y
1

Protein /
Human /
1-401

MDSTLTASEIRQRFIDFFKRNEHTY VHSSATIP
LDDPTLLFANAGMNQFKPIFLNTIDPSHPMAK
LSRAANTQKCIRAGGKHNDLDDVGKDVYHH
TFFEMLGSWSFGDYFKELACKMALELLTQEF
GIPIERLYVTYFGGDEAAGLEADLECKQIWQN
LGLDDTKILPGNMKDNFWEMGDTGPCGPCS
EIHYDRIGGRDAAHLVNQDDPNVLEIWNLVFI
QYNREADGILKPLPKKSIDTGMGLERLVSVLQ
NKMSNYDTDLFVPYFEAIQKGTGARPYTGKYV
GAEDADGIDMAYRVLADHARTITVALADGG
RPDNTGRGYVLRRILRRAVRYAHEKI.NASRG
FFATLVDVVVQSLGDAFPELKKDPDMVKDII
NEEEVQFLKTLSRGRRILDRKIQSLG

SEQ.ID.
NO.12

AlaRS1Y

DNA /

ATGGACTCTACTCTAACAGCAAGTGAAATC

SEQ.ID.
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Table 1A

N-terminal AARS polypeptides identified by MS

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID
.NO.

Human /

CGGCAGCGATTTATAGATTTCTTCAAGAGG
AACGAGCATACGTATGTTCACTCGTCTGCC
ACCATCCCATTGGATGACCCCACTTTGCTCT
TTGCCAATGCAGGCATGAACCAGTTTAAAC
CCATTTTCCTGAACACAATTGACCCATCTCA
CCCCATGGCAAAGCTGAGCAGAGCTGCCAA
TACCCAGAAGTGCATCCGGGCTGGGGGCAA
ACATAATGACCTGGACGATGTGGGCAAGGA
TGTCTATCATCACACCTTCTTCGAGATGCTG
GGCTCTTGGTCTTTTGGAGATTACTTTAAGG
AATTGGCATGTAAGATGGCTCTGGAACTCC
TCACCCAAGAGTTTGGCATTCCCATTGAAA
GACTTTATGTTACTTACTTTGGCGGGGATGA
AGCAGCTGGCTTAGAAGCAGATCTGGAATG
CAAACAGATCTGGCAAAATTTGGGGCTGGA
TGACACCAAAATCCTCCCAGGCAACATGAA
GGATAACTTCTGGGAGATGGGTGACACGGG
CCCCTGTGGTCCTTGCAGTGAGATCCACTA
CGACCGGATTGGTGGTCGGGACGCCGCACA
TCTTGTCAACCAGGACGACCCTAATGTGCT
GGAGATCTGGAACCTTGTGTTCATCCAGTA
TAACAGGGAAGCTGATGGCATTCTGAAACC
TCTTCCCAAGAAAAGCATTGACACAGGGAT
GGGCCTGGAACGACTGGTATCTGTGCTGCA
GAATAAGATGTCCAACTATGACACTGACCT
TTTTGTCCCTTACTTTGAAGCCATTCAGAAG
GGCACAGGTGCCCGACCATACACTGGGAA
AGTTGGTGCTGAGGATGCCGATGGGATTGA
CATGGCCTACCGGGTGCTGGCTGACCACGC
TCGGACCATCACTGTGGCACTGGCTGATGG
TGGCCGGCCTGACAACACAGGGCGTGGATA
TGTGTTGAGACGGATTCTCCGCCGAGCTGT
CCGATACGCCCATGAAAAGCTCAATGCCAG
CAGGGGCTTCTTTGCTACGTTAGTGGATGTT
GTCGTCCAGTCCCTGGGAGATGCATTTCCT
GAGCTGAAGAAGGACCCAGACATGGTGAA
GGACATCATTAATGAAGAAGAGGTGCAGTT
TCTCAAGACTCTCAGCAGAGGGCGTCGCAT
CCTGGACAGGAAAATTCAGAGCCTGGGA

NO.13

AlaRS1Y
5

Protein /
Human /

1-756

MDSTLTASEIRQRFIDFFKRNEHTY VHSSATIP
LDDPTLLFANAGMNQFKPIFLNTIDPSHPMAK
LSRAANTQKCIRAGGKHNDLDDVGKDVYHH
TFFEMLGSWSFGDYFKELACKMALELLTQEF

SEQ.ID.
NO.14
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Table 1A

N-terminal AARS polypeptides identified by MS

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID
.NO.

GIPIERLYVTYFGGDEAAGLEADLECKQIWQN
LGLDDTKILPGNMKDNFWEMGDTGPCGPCS
EIHYDRIGGRDAAHLVNQDDPNVLEIWNLVFI
QYNREADGILKPLPKKSIDTGMGLERLVSVLQ
NKMSNYDTDLFVPYFEAIQKGTGARPYTGKYV
GAEDADGIDMAYRVLADHARTITVALADGG
RPDNTGRGYVLRRILRRAVRYAHEKLNASRG
FFATLVDVVVQSLGDAFPELKKDPDMVKDII
NEEEVQFLKTLSRGRRILDRKIQSLGDSKTIPG
DTAWLLYDTYGFPVDLTGLIAEEKGLVVDM
DGFEEERKLAQLKSQGKGAGGEDLIMLDIYAI
EELRARGLEVTDDSPKYNYHLDSSGSYVFEN
TVATVMALRREKMFVEEVSTGQECGVVLDK
TCFYAEQGGQIYDEGYLVKVDDSSEDKTEFT
VKNAQVRGGYVLHIGTIYGDLKVGDQVWLFI
DEPRRRPIMSNHTATHILNFALRSVLGEADQK
GSLVAPDRLRFDFTAKGAMSTQQIKKAEEIA
NEMIEAAKAVYTQDCPLAAAKAIQGLRAVFD
ETYPDPVRVVSIGVPVSELLDDPSGPAGSLTS
VEFCGGTHLRNSSHAGAFVIVTEEATAKGIRRI
VAVT

AlaRS1Y
5

DNA /
Human

ATGGACTCTACTCTAACAGCAAGTGAAATC
CGGCAGCGATTTATAGATTITCTTCAAGAGG
AACGAGCATACGTATGTTCACTCGTCTGCC
ACCATCCCATTGGATGACCCCACTTTGCTCT
TTGCCAATGCAGGCATGAACCAGTTTAAAC
CCATTTTCCTGAACACAATTGACCCATCTCA
CCCCATGGCAAAGCTGAGCAGAGCTGCCAA
TACCCAGAAGTGCATCCGGGCTGGGGGCAA
ACATAATGACCTGGACGATGTGGGCAAGGA
TGTCTATCATCACACCTTCTTCGAGATGCTG
GGCTCTTGGTCTTTTGGAGATTACTTTAAGG
AATTGGCATGTAAGATGGCTCTGGAACTCC
TCACCCAAGAGTTTGGCATTCCCATTGAAA
GACTTTATGTTACTTACTTTGGCGGGGATGA
AGCAGCTGGCTTAGAAGCAGATCTGGAATG
CAAACAGATCTGGCAAAATTTGGGGCTGGA
TGACACCAAAATCCTCCCAGGCAACATGAA
GGATAACTTCTGGGAGATGGGTGACACGGG
CCCCTGTGGTCCTTGCAGTGAGATCCACTA
CGACCGGATTGGTGGTCGGGACGCCGCACA
TCTTGTCAACCAGGACGACCCTAATGTGCT
GGAGATCTGGAACCTTGTGTTCATCCAGTA
TAACAGGGAAGCTGATGGCATTCTGAAACC

SEQ.ID.
NO.15
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Table 1A
N-terminal AARS polypeptides identified by MS
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID
species / .NO.

Residues

TCTTCCCAAGAAAAGCATTGACACAGGGAT
GGGCCTGGAACGACTGGTATCTGTGCTGCA
GAATAAGATGTCCAACTATGACACTGACCT
TTTTGTCCCTTACTTTGAAGCCATTCAGAAG
GGCACAGGTGCCCGACCATACACTGGGAA
AGTTGGTGCTGAGGATGCCGATGGGATTGA
CATGGCCTACCGGGTGCTGGCTGACCACGC
TCGGACCATCACTGTGGCACTGGCTGATGG
TGGCCGGCCTGACAACACAGGGCGTGGATA
TGTGTTGAGACGGATTCTCCGCCGAGCTGT
CCGATACGCCCATGAAAAGCTCAATGCCAG
CAGGGGCTTCTTTGCTACGTTAGTGGATGTT
GTCGTCCAGTCCCTGGGAGATGCATTTCCT
GAGCTGAAGAAGGACCCAGACATGGTGAA
GGACATCATTAATGAAGAAGAGGTGCAGTT
TCTCAAGACTCTCAGCAGAGGGCGTCGCAT
CCTGGACAGGAAAATTCAGAGCCTGGGAG
ACAGCAAGACCATTCCCGGAGACACTGCTT
GGCTCCTCTATGACACCTATGGGTTTCCAGT
GGATCTGACTGGACTGATTGCTGAAGAGAA
GGGCCTGGTGGTAGACATGGATGGCTTTGA
AGAGGAGAGGAAACTGGCCCAGCTGAAAT
CACAGGGCAAGGGAGCTGGTGGGGAAGAC
CTCATTATGCTGGACATTTACGCTATCGAA
GAGCTCCGGGCACGGGGTCTGGAGGTCACA
GATGATTCCCCAAAGTACAATTACCATTTG
GACTCCAGTGGTAGCTATGTATTTGAGAAC
ACAGTGGCTACGGTGATGGCTCTGCGCAGG
GAGAAGATGTTCGTGGAAGAGGTGTCCACA
GGCCAGGAGTGTGGAGTGGTGCTGGACAA
GACCTGTTTCTATGCTGAGCAAGGAGGCCA
GATCTATGACGAAGGCTACCTGGTGAAGGT
GGATGACAGCAGTGAAGATAAAACAGAGT
TTACAGTGAAGAATGCTCAGGTCCGAGGAG
GGTATGTGCTACACATTGGAACCATCTACG
GTGACCTGAAAGTGGGGGATCAGGTCTGGC
TGTTTATTGATGAGCCCCGACGAAGACCCA
TCATGAGCAACCACACAGCTACGCACATTC
TGAACTTCGCCCTGCGCTCAGTGCTTGGGG
AAGCTGACCAGAAAGGCTCATTGGTTGCTC
CTGACCGCCTCAGATTTGACTTTACTGCCA
AGGGAGCCATGTCCACCCAACAGATCAAG
AAGGCTGAAGAGATTGCTAATGAGATGATT
GAGGCAGCCAAGGCCGTCTATACCCAGGAT
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Table 1A
N-terminal AARS polypeptides identified by MS
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID
species / .NO.
Residues
TGCCCCCTGGCAGCAGCGAAAGCCATCCAG
GGCCTACGGGCTGTGTTTGATGAGACCTAT
CCTGACCCTGTGCGAGTCGTCTCCATTGGG
GTCCCGGTGTCCGAGTTGCTGGATGACCCC
TCTGGGCCTGCTGGCTCCCTGACTTCTGTTG
AGTTCTGTGGGGGAACGCACCTGCGGAACT
CGAGTCATGCAGGAGCTTTTGTGATCGTGA
CGGAAGAAGCCATTGCCAAGGGTATCCGG
AGGATTGTGGCTGTCACA
Table 1B
AlarS1™
Mass spec peptides detected and inferred linking peptides
Type / Sequence SEQ.ID
species .NO.
Protein / | LYVTYFGGDEAAGLEPDLECR SEQ.ID.
mouse NO. 16
Protein/ | QIWQNLGLDEARILPGNMKDNFWEMGDTGPCGPCSEIHY | SEQ.ID.
mouse DRIGGRDAAHLVNQDDPNVLEIWNLVFIQYNRESDGVLK | NO. 17
PLPKKSIDTGMGLERLVSVLQNKMSNYDTDLFMPYFEAI
QKGTGARPYTGKVGAEDADGIDMAYRVLADHAR
Protein/ | TITVALADGGRPDNTGR SEQ.ID.
mouse NO. 18
Protein/ | GYVLRRILRRAVRYSHEKLNASRGFFATLVDVVVQSLGD | SEQ.ID.
mouse AFPELKKDPEMVK NO. 19
Protein / | DINEEEVQFLK SEQ.ID.
mouse NO. 20
Table 1C
AlaRS1™!
Concatenated sequences based on mass spec peptides detected
Type/ Sequence SEQ.ID
species . NO.
Protein/ | LYVTYFGGDEAAGLEPDLECRQIWQNLGLDEARILPGNM | SEQ.ID.
mouse KDNFWEMGDTGPCGPCSEIHY DRIGGRDAAHLVNQDDP | NO. 21
NVLEIWNLVFIQYNRESDGVLKPLPKKSIDTGMGLERLVS
VLQNKMSNYDTDLFMPYFEAIQKGTGARPYTGKVGAED
ADGIDMAYRVLADHARTITVALADGGRPDNTGRGYVLR
RILRRAVRYSHEKLNASRGFFATLVDVVVQSLGDAFPEL
KKDPEMVKDIINEEEVQFLK
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Table 1D
AlaRS1™
Mass spec peptides detected and inferred linking peptides
Type/ Sequence SEQ.ID
species . NO.
Protein/ | MALELLTQEFGIPVER SEQ.ID.
mouse NO. 22
Protein/ | LYVTYFGGDEAAGLEPDLECRQIWQNLGLDEAR SEQ.ID.
mouse NO. 23
Protein/ | ILPGNMKDNFWEMGDTGPCGPCSEIHYDRIGGRDAAHLYV | SEQ.ID.
mouse NQDDPNVLEIWNLVFIQYNRESDGVLKPLPKKSIDTGMG | NO. 24
LERLVSVLQNK
Protein/ | MSNYDTDLFMPYFEAIQK SEQ.ID.
mouse NO. 25
Protein/ | GTGARPYTGKVGAEDADGIDMAYRVLADHAR SEQ.ID.
mouse NO. 26
Protein/ | TITVALADGGRPDNTGR SEQ.ID.
mouse NO. 27
Protein/ | GYVLRRILRRAVRYSHEKLNASRGFFATLVDVVVQSLGD | SEQ.ID.
mouse AFPELKKDPEMVK NO. 28
Protein/ | DIINEEEVQFLK SEQ.ID.
mouse NO. 29
Protein/ | TLSRGRRILDRKIQSLGDCK SEQ.ID.
mouse NO. 30
Protein/ | TIPGDTAWLLYDTYGFPVDLTGLIAEEK SEQ.ID.
mouse NO. 31
Protein/ | GLVVDMNGFEEERRLAQLKSQGK SEQ.ID.
mouse NO. 32
Protcin/ | GAGDEDLIMLDIYAIEELR SEQ.ID.
mouse NO. 33
Protein/ | AKGLEATDDSPKYNYQSDSSGSYVFECTVATVLALRREK | SEQ.ID.
mouse NO. 34
Protein/ | MFVDEVVTGQECGVVLDK SEQ.ID.
mouse NO. 35
Protein/ | TCFYAEQGGQIYDEGYLVK SEQ.ID.
mousc NO. 36
Protein/ | VDDSSEDKTEFTVK SEQ.ID.
mouse NO. 37
Protein/ | NAQVRGGYVLHIGTIYGNLKVGDQVRLFIDEPRRRPVMS | SEQ.ID.
mouse NHTATHILNFALRSVLGEADQKGSLVAPDRLRFDFTAKG | NO. 38
AMSTQQIK

Protein/ | KAEEIVNGMIEAAKPVYTQDCPLAAAK SEQ.ID.
mouse NO. 39
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Table 1E
AlaRS1™
Concatenated sequences based on mass spec peptides detected

Type/ Sequence SEQ.ID
species . NO.
Protein/ | MALELLTQEFGIPVERLYVTYFGGDEAAGLEPDLECRQI SEQ.ID.
mousc WQNLGLDEARILPGNMKDNFWEMGDTGPCGPCSEIHYD | NO. 40

RIGGRDAAHLVNQDDPNVLEIWNLVFIQYNRESDGVLKP
LPKKSIDTGMGLERLVSVLONKMSNYDTDLFMPYFEAIQ
KGTGARPYTGKVGAEDADGIDMAYRVLADHARTITVAL
ADGGRPDNTGRGYVLRRILRRAVRYSHEKLNASRGFFAT
LVDVVVQSLGDAFPELKKDPEMVKDIINEEEVQFLKTLSR
GRRILDRKIQSLGDCKTIPGDTAWLLYDTYGFPVDLTGLI
AEEKGLVVDMNGFEEERRLAQLKSQGKGAGDEDLIMLDI
YAIEELRAKGLEATDDSPKYNYQSDSSGSYVFECTVATV
LALRREKMFVDEVVTGQECGVVLDKTCFYAEQGGQIYD
EGYLVKVDDSSEDKTEFTVKNAQVRGGYVLHIGTIYGNL
KVGDQVRLFIDEPRRRPVMSNHTATHILNFALRSVLGEA
DQKGSLVAPDRLRFDFTAKGAMSTQQIKKAEEIVNGMIE
AAKPVYTQDCPLAAAK

Table 2
N-terminal AARS polypeptides and alternative transcripts identified by Deep
Sequencing
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID
species / . NO.
Residues
AlaRS1Y | Protein/ | MDSTLTASEIRQRFIDFFKRNEHTY VHSSATIP | SEQ.ID.
! Human / | LDDPTLLFANAGMNQFKPIFLNTIDPSHPMAK | NO .41
1-224+51 | LSRAANTQKCIRAGGKHNDLDDVGKDVYHH
TFFEMLGSWSFGDYFKELACKMALELLTQEF
GIPIERLYVTYFGGDEAAGLEADLECKQIWQN
LGLDDTKILPGNMKDNFWEMGDTGPCGPCSE
IHYDRIGGRDAAHLVNQDDPNVLEIWNLVFI
QYNRAQVPDHTLGKLVLRMPMGLTWPTGC
WLTTLGPSLWHWLMVAGLTTQGVDMC
AlaRS1Y | DNA/ ATGGACTCTACTCTAACAGCAAGTGAAATC | SEQ.ID.
! Human/ | CGGCAGCGATTTATAGATTTCTTCAAGAGG | NO.42

AACGAGCATACGTATGTTCACTCGTCTGCC

ACCATCCCATTGGATGACCCCACTTTGCTCT
TTGCCAATGCAGGCATGAACCAGTTTAAAC

CCATTTTCCTGAACACAATTGACCCATCTCA
CCCCATGGCAAAGCTGAGCAGAGCTGCCAA
TACCCAGAAGTGCATCCGGGCTGGGGGCAA
ACATAATGACCTGGACGATGTGGGCAAGGA
TGTCTATCATCACACCTTCTTCGAGATGCTG
GGCTCTTGGTCTTTTGGAGATTACTTTAAGG
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Table 2

N-terminal AARS polypeptides and alternative transcripts identified by Deep

Sequencing

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID
.NO.

AATTGGCATGTAAGATGGCTCTGGAACTCC
TCACCCAAGAGTTTGGCATTCCCATTGAAA
GACTTTATGTTACTTACTTTGGCGGGGATGA
AGCAGCTGGCTTAGAAGCAGATCTGGAATG
CAAACAGATCTGGCAAAATTTGGGGCTGGA
TGACACCAAAATCCTCCCAGGCAACATGAA
GGATAACTTCTGGGAGATGGGTGACACGGG
CCCCTGTGGTCCTTGCAGTGAGATCCACTA
CGACCGGATTGGTGGTCGGGACGCCGCACA
TCTTGTCAACCAGGACGACCCTAATGTGCT
GGAGATCTGGAACCTTGTGTTCATCCAGTA
TAACAGGGCACAGGTGCCCGACCATACACT
GGGAAAGTTGGTGCTGAGGATGCCGATGGG
ATTGACATGGCCTACCGGGTGCTGGCTGAC
CACGCTCGGACCATCACTGTGGCACTGGCT
GATGGTGGCCGGCCTGACAACACAGGGCGT
GGATATGTGTTGA

AlaRS1Y
6

Protein /
Human /
1-497+24

MDSTLTASEIRQRFIDFFKRNEHTY VHSSATIP
LDDPTLLFANAGMNQFKPIFLNTIDPSHPMAK
LSRAANTQKCIRAGGKHNDLDDVGKDVYHH
TFFEMLGSWSFGDYFKELACKMALELLTQEF
GIPIERLYVTYFGGDEAAGLEADLECKQIWQN
LGLDDTKILPGNMKDNFWEMGDTGPCGPCSE
IHYDRIGGRDAAHLVNQDDPNVLEIWNLVFI
QYNREADGILKPLPKKSIDTGMGLERLVSVLQ
NKMSNYDTDLFVPYFEAIQKGTGARPYTGKYV
GAEDADGIDMAYRVLADHARTITVALADGG
RPDNTGRGY VLRRILRRAVRYAHEKLNASRG
FFATLVDVVVQSLGDAFPELKKDPDMVKDII
NEEEVQFLKTLSRGRRILDRKIQSLGDSKTIPG
DTAWLLYDTYGFPVDLTGLIAEEKGLVVDM
DGFEEERKLAQLKSQGKGAGGEDLIMLDIYAI
EELRARGLEVTDDSPKYNYHLDSSGSYENRV
YSEECSGPRRVCATHWNHLR

SEQ.ID.
NO.43

AlaRS1Y
6

DNA /
Human /

ATGGACTCTACTCTAACAGCAAGTGAAATC
CGGCAGCGATTTATAGATTTCTTCAAGAGG
AACGAGCATACGTATGTTCACTCGTCTGCC
ACCATCCCATTGGATGACCCCACTTTGCTCT
TTGCCAATGCAGGCATGAACCAGTTTAAAC
CCATTTTCCTGAACACAATTGACCCATCTCA
CCCCATGGCAAAGCTGAGCAGAGCTGCCAA
TACCCAGAAGTGCATCCGGGCTGGGGGCAA
ACATAATGACCTGGACGATGTGGGCAAGGA

SEQ.ID.
NO.44
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Table 2
N-terminal AARS polypeptides and alternative transcripts identified by Deep
Sequencing
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID
species / . NO.

Residues

TGTCTATCATCACACCTTCTTCGAGATGCTG
GGCTCTTGGTCTTTTGGAGATTACTTTAAGG
AATTGGCATGTAAGATGGCTCTGGAACTCC
TCACCCAAGAGTTTGGCATTCCCATTGAAA
GACTTTATGTTACTTACTTTGGCGGGGATGA
AGCAGCTGGCTTAGAAGCAGATCTGGAATG
CAAACAGATCTGGCAAAATTTGGGGCTGGA
TGACACCAAAATCCTCCCAGGCAACATGAA
GGATAACTTCTGGGAGATGGGTGACACGGG
CCCCTGTGGTCCTTGCAGTGAGATCCACTA
CGACCGGATTGGTGGTCGGGACGCCGCACA
TCTTGTCAACCAGGACGACCCTAATGTGCT
GGAGATCTGGAACCTTGTGTTCATCCAGTA
TAACAGGGAAGCTGATGGCATTCTGAAACC
TCTTCCCAAGAAAAGCATTGACACAGGGAT
GGGCCTGGAACGACTGGTATCTGTGCTGCA
GAATAAGATGTCCAACTATGACACTGACCT
TTTTGTCCCTTACTTTGAAGCCATTCAGAAG
GGCACAGGTGCCCGACCATACACTGGGAAA
GTTGGTGCTGAGGATGCCGATGGGATTGAC
ATGGCCTACCGGGTGCTGGCTGACCACGCT
CGGACCATCACTGTGGCACTGGCTGATGGT
GGCCGGCCTGACAACACAGGGCGTGGATAT
GTGTTGAGACGGATTCTCCGCCGAGCTGTC
CGATACGCCCATGAAAAGCTCAATGCCAGC
AGGGGCTTCTTTGCTACGTTAGTGGATGTTG
TCGTCCAGTCCCTGGGAGATGCATTTCCTG
AGCTGAAGAAGGACCCAGACATGGTGAAG
GACATCATTAATGAAGAAGAGGTGCAGTTT
CTCAAGACTCTCAGCAGAGGGCGTCGCATC
CTGGACAGGAAAATTCAGAGCCTGGGAGA
CAGCAAGACCATTCCCGGAGACACTGCTTG
GCTCCTCTATGACACCTATGGGTTTCCAGTG
GATCTGACTGGACTGATTGCTGAAGAGAAG
GGCCTGGTGGTAGACATGGATGGCTTTGAA
GAGGAGAGGAAACTGGCCCAGCTGAAATC
ACAGGGCAAGGGAGCTGGTGGGGAAGACC
TCATTATGCTGGACATTTACGCTATCGAAG
AGCTCCGGGCACGGGGTCTGGAGGTCACAG
ATGATTCCCCAAAGTACAATTACCATTTGG
ACTCCAGTGGTAGCTATGAAAACAGAGTTT
ACAGTGAAGAATGCTCAGGTCCGAGGAGG
GTATGTGCTACACATTGGAACCATCTACGG
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Table 2

N-terminal AARS polypeptides and alternative transcripts identified by Deep

Sequencing

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID
.NO.

TGA

AlaRS1Y
:

Protein /
Human /
1-595+70

MDSTLTASEIRQRFIDFFKRNEHTY VHSSATIP
LDDPTLLFANAGMNQFKPIFLNTIDPSHPMAK
LSRAANTQKCIRAGGKHNDLDDVGKDVYHH
TFFEMLGSWSFGDYFKELACKMALELLTQEF
GIPIERLYVTYFGGDEAAGLEADLECKQIWQN
LGLDDTKILPGNMKDNFWEMGDTGPCGPCSE
THYDRIGGRDAAHLVNQDDPNVLEIWNLVFI
QYNREADGILKPLPKKSIDTGMGLERLVSVLQ
NKMSNYDTDLEFVPYFEAIQKGTGARPYTGKV
GAEDADGIDMAYRVLADHARTITVALADGG
RPDNTGRGYVLRRILRRAVRYAHEKLNASRG
FFATLVDVVVQSLGDAFPELKKDPDMVKDII
NEEEVQFLKTLSRGRRILDRKIQSLGDSKTIPG
DTAWLLYDTYGFPVDLTGLIAEEKGLVVDM
DGFEEERKLAQLKSQGKGAGGEDLIMLDIYAI
EELRARGLEVTDDSPKYNYHLDSSGSY VFEN
TVATVMALRREKMFVEEVSTGQECGVVLDK
TCFYAEQGGQIYDEGYLVKVDDSSEDKTEFT
VKNAQVRGGYVLHIGTIYGDLKVGDQVWLFI
DEAPAELESCRSFCDRDGRSHCQGYPEDCGC
HRCRGPEGPQESRELEEMSLCHGSQSEGSDCS
KQGCAEGDR

SEQ.ID.
NO.45

AlaRS1Y
:

DNA /
Human /

ATGGACTCTACTCTAACAGCAAGTGAAATC
CGGCAGCGATTTATAGATTTCTTCAAGAGG
AACGAGCATACGTATGTTCACTCGTCTGCC
ACCATCCCATTGGATGACCCCACTTTGCTCT
TTGCCAATGCAGGCATGAACCAGTTTAAAC
CCATTTTCCTGAACACAATTGACCCATCTCA
CCCCATGGCAAAGCTGAGCAGAGCTGCCAA
TACCCAGAAGTGCATCCGGGCTGGGGGCAA
ACATAATGACCTGGACGATGTGGGCAAGGA
TGTCTATCATCACACCTTCTTCGAGATGCTG
GGCTCTTGGTCTTTTGGAGATTACTTTAAGG
AATTGGCATGTAAGATGGCTCTGGAACTCC
TCACCCAAGAGTTTGGCATTCCCATTGAAA
GACTTTATGTTACTTACTTTGGCGGGGATGA
AGCAGCTGGCTTAGAAGCAGATCTGGAATG
CAAACAGATCTGGCAAAATTTGGGGCTGGA
TGACACCAAAATCCTCCCAGGCAACATGAA
GGATAACTTCTGGGAGATGGGTGACACGGG
CCCCTGTGGTCCTTGCAGTGAGATCCACTA
CGACCGGATTGGTGGTCGGGACGCCGCACA

SEQ.ID.
NO.46
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Table 2
N-terminal AARS polypeptides and alternative transcripts identified by Deep
Sequencing
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID
species / . NO.

Residues

TCTTGTCAACCAGGACGACCCTAATGTGCT
GGAGATCTGGAACCTTGTGTTCATCCAGTA
TAACAGGGAAGCTGATGGCATTCTGAAACC
TCTTCCCAAGAAAAGCATTGACACAGGGAT
GGGCCTGGAACGACTGGTATCTGTGCTGCA
GAATAAGATGTCCAACTATGACACTGACCT
TTTTGTCCCTTACTTTGAAGCCATTCAGAAG
GGCACAGGTGCCCGACCATACACTGGGAAA
GTTGGTGCTGAGGATGCCGATGGGATTGAC
ATGGCCTACCGGGTGCTGGCTGACCACGCT
CGGACCATCACTGTGGCACTGGCTGATGGT
GGCCGGCCTGACAACACAGGGCGTGGATAT
GTGTTGAGACGGATTCTCCGCCGAGCTGTC
CGATACGCCCATGAAAAGCTCAATGCCAGC
AGGGGCTTCTTTGCTACGTTAGTGGATGTTG
TCGTCCAGTCCCTGGGAGATGCATTTCCTG
AGCTGAAGAAGGACCCAGACATGGTGAAG
GACATCATTAATGAAGAAGAGGTGCAGTTT
CTCAAGACTCTCAGCAGAGGGCGTCGCATC
CTGGACAGGAAAATTCAGAGCCTGGGAGA
CAGCAAGACCATTCCCGGAGACACTGCTTG
GCTCCTCTATGACACCTATGGGTTTCCAGTG
GATCTGACTGGACTGATTGCTGAAGAGAAG
GGCCTGGTGGTAGACATGGATGGCTTTGAA
GAGGAGAGGAAACTGGCCCAGCTGAAATC
ACAGGGCAAGGGAGCTGGTGGGGAAGACC
TCATTATGCTGGACATTTACGCTATCGAAG
AGCTCCGGGCACGGGGTCTGGAGGTCACAG
ATGATTCCCCAAAGTACAATTACCATTTGG
ACTCCAGTGGTAGCTATGTATTTGAGAACA
CAGTGGCTACGGTGATGGCTCTGCGCAGGG
AGAAGATGTTCGTGGAAGAGGTGTCCACAG
GCCAGGAGTGTGGAGTGGTGCTGGACAAG
ACCTGTTTCTATGCTGAGCAAGGAGGCCAG
ATCTATGACGAAGGCTACCTGGTGAAGGTG
GATGACAGCAGTGAAGATAAAACAGAGTTT
ACAGTGAAGAATGCTCAGGTCCGAGGAGG
GTATGTGCTACACATTGGAACCATCTACGG
TGACCTGAAAGTGGGGGATCAGGTCTGGCT
GTTTATTGATGAGGCACCTGCGGAACTCGA
GTCATGCAGGAGCTTTTGTGATCGTGACGG
AAGAAGCCATTGCCAAGGGTATCCGGAGG
ATTGTGGCTGTCACAGGTGCCGAGGCCCAG
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Table 2

N-terminal AARS polypeptides and alternative transcripts identified by Deep

Sequencing

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID
.NO.

AAGGCCCTCAGGAAAGCAGAGAGCTTGAA
GAAATGTCTCTCTGTCATGGAAGCCAAAGT
GAAGGCTCAGACTGCTCCAAACAAGGATGT
GCAGAGGGAGATCGCTGA

AlaRS1Y
8

Protein /
Human /
1-321 +6

MDSTLTASEIRQRFIDFFKRNEHTY VHSSATIP
LDDPTLLFANAGMNQFKPIFLNTIDPSHPMAK
LSRAANTQKCIRAGGKHNDLDDVGKDVYHH
TFFEMLGSWSFGDYFKELACKMALELLTQEF
GIPIERLYVTYFGGDEAAGLEADLECKQIWQN
LGLDDTKILPGNMKDNFWEMGDTGPCGPCSE
IHYDRIGGRDAAHLVNQDDPNVLEIWNLVFI
QYNREADGILKPLPKKSIDTGMGLERLVSVLQ
NKMSNYDTDLFVPYFEAIQKGTGARPYTGKV
GAEDADGIDMAYRVLADHARTITVALADGG
RPDNTGRGEMHFLS

SEQ.ID.
NO.47

AlaRS1Y
8

DNA /
Human /

ATGGACTCTACTCTAACAGCAAGTGAAATC
CGGCAGCGATTTATAGATTTCTTCAAGAGG
AACGAGCATACGTATGTTCACTCGTCTGCC
ACCATCCCATTGGATGACCCCACTTTGCTCT
TTGCCAATGCAGGCATGAACCAGTTTAAAC
CCATTTTCCTGAACACAATTGACCCATCTCA
CCCCATGGCAAAGCTGAGCAGAGCTGCCAA
TACCCAGAAGTGCATCCGGGCTGGGGGCAA
ACATAATGACCTGGACGATGTGGGCAAGGA
TGTCTATCATCACACCTTCTTCGAGATGCTG
GGCTCTTGGTCTTTTGGAGATTACTTTAAGG
AATTGGCATGTAAGATGGCTCTGGAACTCC
TCACCCAAGAGTTTGGCATTCCCATTGAAA
GACTTTATGTTACTTACTTTGGCGGGGATGA
AGCAGCTGGCTTAGAAGCAGATCTGGAATG
CAAACAGATCTGGCAAAATTTGGGGCTGGA
TGACACCAAAATCCTCCCAGGCAACATGAA
GGATAACTTCTGGGAGATGGGTGACACGGG
CCCCTGTGGTCCTTGCAGTGAGATCCACTA
CGACCGGATTGGTGGTCGGGACGCCGCACA
TCTTGTCAACCAGGACGACCCTAATGTGCT
GGAGATCTGGAACCTTGTGTTCATCCAGTA
TAACAGGGAAGCTGATGGCATTCTGAAACC
TCTTCCCAAGAAAAGCATTGACACAGGGAT
GGGCCTGGAACGACTGGTATCTGTGCTGCA
GAATAAGATGTCCAACTATGACACTGACCT
TTTTGTCCCTTACTTTGAAGCCATTCAGAAG
GGCACAGGTGCCCGACCATACACTGGGAAA

SEQ.ID.
NO.48
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Table 2
N-terminal AARS polypeptides and alternative transcripts identified by Deep
Sequencing
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID
species / . NO.
Residues
GTTGGTGCTGAGGATGCCGATGGGATTGAC
ATGGCCTACCGGGTGCTGGCTGACCACGCT
CGGACCATCACTGTGGCACTGGCTGATGGT
GGCCGGCCTGACAACACAGGGCGTGGGGA
GATGCATTTCCTGAGCTGA
Table 2B
AARS polypeptides unique splice junctions
Nam | Type/ Amino acid and Nucleic Acid Human |Human | SEQ.ID.
e species | Sequences in the vicinity of the fetal Adult | NO.
unique splice junction brain |brain
Al- DNA/ | ACCTTGTGTTCATCCAGTATA |2 0 SEQ.ID.
ASO1 | Human/ | ACAG|GGCACAGGTGCCCGAC NO.49
CATACACTG
Protein/ | LVFIQYNRAQVPDHTL SEQ.ID.
Human / NO.50
Al- DNA/ | CATTTGGACTCCAGTGGTAGC | 650 86 SEQ.ID.
AS04 | Human/ | TATGJAAAACAGAGTTTACAG NO.51
TGAAGAATG
Protein/ | HLDSSGSYENRVYSEE SEQ.ID.
Human / NO.52
Al- DNA/ | TCAGGTCTGGCTGTTTATTGA |0 15 SEQ.ID.
AS06 | Human/ | TGAG|GCACCTGCGGAACTCG NO.53
AGTCATGCA
Protein/ | QVWLFIDEAPAELESC SEQ.ID.
Human / NO.54
Al- DNA/ | GCCGGCCTGACAACACAGGG SEQ.ID.
AS07 | Human/ | CGTGG|GGAGATGCATTTCCT NO.55
GAGCTGAAGA
Protein / | RPDNTGRGEMHFLS SEQ.ID.
Human / NO.56
Table 3
N-terminal AARS polypeptides and nucleic acids identified by Bioinformatics
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID.
species / NO.
Residues
AlaRS1Y | Protcin/ | MDSTLTASEIRQRFIDFFKRNEHTY VHSSATI | SEQ.ID.
2 Human/ | PLDDPTLLFANAGMNQFKPIFLNTIDPSHPM | NO.57
1-286 AKLSRAANTQKCIRAGGKHNDLDDVGKDV
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Table 3

N-terminal AARS polypeptides and nucleic acids identified by Bioinformatics

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

YHHTFFEMLGSWSFGDYFKELACKMALEL
LTQEFGIPIERLYVTYFGGDEAAGLEADLEC
KQIWQNLGLDDTKILPGNMKDNFWEMGDT
GPCGPCSEIHYDRIGGRDAAHLVNQDDPNV
LEIWNLVFIQYNREADGILKPLPKKSIDTGM
GLERLVSVLOQNKMSNYDTDLFVPYFEAIQK
GTGARPYTGKVGAE

AlaRS1Y
2

DNA /
Human /

ATGGACTCTACTCTAACAGCAAGTGAAAT
CCGGCAGCGATTTATAGATTTCTTCAAGA
GGAACGAGCATACGTATGTTCACTCGTCT
GCCACCATCCCATTGGATGACCCCACTTT
GCTCTTTGCCAATGCAGGCATGAACCAGT
TTAAACCCATTTTCCTGAACACAATTGAC
CCATCTCACCCCATGGCAAAGCTGAGCAG
AGCTGCCAATACCCAGAAGTGCATCCGGG
CTGGGGGCAAACATAATGACCTGGACGAT
GTGGGCAAGGATGTCTATCATCACACCTT
CTTCGAGATGCTGGGCTCTTGGTCTTTTGG
AGATTACTTTAAGGAATTGGCATGTAAGA
TGGCTCTGGAACTCCTCACCCAAGAGTTT
GGCATTCCCATTGAAAGACTTTATGTTAC
TTACTTTGGCGGGGATGAAGCAGCTGGCT
TAGAAGCAGATCTGGAATGCAAACAGAT
CTGGCAAAATTTGGGGCTGGATGACACCA
AAATCCTCCCAGGCAACATGAAGGATAAC
TTCTGGGAGATGGGTGACACGGGCCCCTG
TGGTCCTTGCAGTGAGATCCACTACGACC
GGATTGGTGGTCGGGACGCCGCACATCTT
GTCAACCAGGACGACCCTAATGTGCTGGA
GATCTGGAACCTTGTGTTCATCCAGTATA
ACAGGGAAGCTGATGGCATTCTGAAACCT
CTTCCCAAGAAAAGCATTGACACAGGGAT
GGGCCTGGAACGACTGGTATCTGTGCTGC
AGAATAAGATGTCCAACTATGACACTGAC
CTTTTTGTCCCTTACTTTGAAGCCATTCAG
AAGGGCACAGGTGCCCGACCATACACTG
GGAAAGTTGGTGCTGAG

SEQ.ID.
NO.58

AlaRS1®
3

Protein /
Human /
1-488

MDSTLTASEIRQRFIDFFKRNEHTY VHSSATI
PLDDPTLLFANAGMNQFKPIFLNTIDPSHPM
AKLSRAANTQKCIRAGGKHNDLDDVGKDV
YHHTFFEMLGSWSFGDYFKELACKMALEL

LTQEFGIPIERLYVTYFGGDEAAGLEADLEC
KQIWQNLGLDDTKILPGNMKDNFWEMGDT

SEQ.ID.
NO.59
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Table 3

N-terminal AARS polypeptides and nucleic acids identified by Bioinformatics

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

GPCGPCSEIHYDRIGGRDAAHLVNQDDPNV
LEIWNLVFIQYNREADGILKPLPKKSIDTGM
GLERLVSVLONKMSNYDTDLFVPYFEAIQK
GTGARPYTGKVGAEDADGIDMAYRVLADH
ARTITVALADGGRPDNTGRGY VLRRILRRA
VRYAHEKLNASRGFFATLVDVVVQSLGDA
FPELKKDPDMVKDIINEEEVQFLKTLSRGRR
ILDRKIQSLGDSKTIPGDTAWLLYDTYGFPV
DLTGLIAEEKGLVVDMDGFEEERKLAQLKS
QGKGAGGEDLIMLDIYAIEELRARGLEVTD
DSPKYN

AlaRS1™
3

DNA /
Human /

ATGGACTCTACTCTAACAGCAAGTGAAAT
CCGGCAGCGATTTATAGATTTCTTCAAGA
GGAACGAGCATACGTATGTTCACTCGTCT
GCCACCATCCCATTGGATGACCCCACTTT
GCTCTTTGCCAATGCAGGCATGAACCAGT
TTAAACCCATTTTCCTGAACACAATTGAC
CCATCTCACCCCATGGCAAAGCTGAGCAG
AGCTGCCAATACCCAGAAGTGCATCCGGG
CTGGGGGCAAACATAATGACCTGGACGAT
GTGGGCAAGGATGTCTATCATCACACCTT
CTTCGAGATGCTGGGCTCTTGGTCTTTTGG
AGATTACTTTAAGGAATTGGCATGTAAGA
TGGCTCTGGAACTCCTCACCCAAGAGTTT
GGCATTCCCATTGAAAGACTTTATGTTAC
TTACTTTGGCGGGGATGAAGCAGCTGGCT
TAGAAGCAGATCTGGAATGCAAACAGAT
CTGGCAAAATTTGGGGCTGGATGACACCA
AAATCCTCCCAGGCAACATGAAGGATAAC
TTCTGGGAGATGGGTGACACGGGCCCCTG
TGGTCCTTGCAGTGAGATCCACTACGACC
GGATTGGTGGTCGGGACGCCGCACATCTT
GTCAACCAGGACGACCCTAATGTGCTGGA
GATCTGGAACCTTGTGTTCATCCAGTATA
ACAGGGAAGCTGATGGCATTCTGAAACCT
CTTCCCAAGAAAAGCATTGACACAGGGAT
GGGCCTGGAACGACTGGTATCTGTGCTGC
AGAATAAGATGTCCAACTATGACACTGAC
CTTTTTGTCCCTTACTTTGAAGCCATTCAG
AAGGGCACAGGTGCCCGACCATACACTG
GGAAAGTTGGTGCTGAGGATGCCGATGG
GATTGACATGGCCTACCGGGTGCTGGCTG
ACCACGCTCGGACCATCACTGTGGCACTG

SEQ.ID.
NO.60
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Table 3

N-terminal AARS polypeptides and nucleic acids identified by Bioinformatics

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

GCTGATGGTGGCCGGCCTGACAACACAGG
GCGTGGATATGTGTTGAGACGGATTCTCC
GCCGAGCTGTCCGATACGCCCATGAAAAG
CTCAATGCCAGCAGGGGCTTCTTTGCTAC
GTTAGTGGATGTTGTCGTCCAGTCCCTGG
GAGATGCATTTCCTGAGCTGAAGAAGGAC
CCAGACATGGTGAAGGACATCATTAATGA
AGAAGAGGTGCAGTTTCTCAAGACTCTCA
GCAGAGGGCGTCGCATCCTGGACAGGAA
AATTCAGAGCCTGGGAGACAGCAAGACC
ATTCCCGGAGACACTGCTTGGCTCCTCTA
TGACACCTATGGGTTTCCAGTGGATCTGA
CTGGACTGATTGCTGAAGAGAAGGGCCTG
GTGGTAGACATGGATGGCTTTGAAGAGGA
GAGGAAACTGGCCCAGCTGAAATCACAG
GGCAAGGGAGCTGGTGGGGAAGACCTCA
TTATGCTGGACATTTACGCTATCGAAGAG
CTCCGGGCACGGGGTCTGGAGGTCACAGA
TGATTCCCCAAAGTACAAT

C-terminal AARS Polypeptides: (Tables 4, 5 & 6)

Table 4A

C-terminal AARS polypeptides identified by MS

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

AlaRS1%!

Protein /
Human /
476-968

RGLEVTDDSPKYNYHLDSSGSYVFENTVAT
VMALRREKMFVEEVSTGQECGVVLDKTCF
YAEQGGQIYDEGYLVKVDDSSEDKTEFTVK
NAQVRGGY VLHIGTIYGDLKVGDQVWLFID
EPRRRPIMSNHTATHILNFALRSVLGEADQK
GSLVAPDRLRFDFTAKGAMSTQQIKKAEEI
ANEMIEAAKAVYTQDCPLAAAKAIQGLRA
VFDETYPDPVRVVSIGVPVSELLDDPSGPAG
SLTSVEFCGGTHLRNSSHAGAFVIVTEEAIA
KGIRRIVAVTGAEAQKALRKAESLKKCLSV
MEAKVKAQTAPNKDVQREIADLGEALATA
VIPQWQKDELRFETLKSLKKVMDDLDRASK
ADVQKRVLEKTKQFIDSNPNQPLVILEMES
GASAKALNEALKLFKMHSPQTSAMLFTVD
NEAGKITCLCQVPQNAANRGLKASEWVQQ
VSGLMDGKGGGKDVSAQATGKNVGCLQE

SEQ.ID.
NO.79
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Table 4A

C-terminal AARS polypeptides identified by MS

GTAGCTATGTATTTGAGAACACAGTGGCT
ACGGTGATGGCTCTGCGCAGGGAGAAGA
TGTTCGTGGAAGAGGTGTCCACAGGCCAG
GAGTGTGGAGTGGTGCTGGACAAGACCTG
TTTCTATGCTGAGCAAGGAGGCCAGATCT
ATGACGAAGGCTACCTGGTGAAGGTGGAT
GACAGCAGTGAAGATAAAACAGAGTTTA
CAGTGAAGAATGCTCAGGTCCGAGGAGG
GTATGTGCTACACATTGGAACCATCTACG
GTGACCTGAAAGTGGGGGATCAGGTCTGG
CTGTTTATTGATGAGCCCCGACGAAGACC
CATCATGAGCAACCACACAGCTACGCACA
TTCTGAACTTCGCCCTGCGCTCAGTGCTTG
GGGAAGCTGACCAGAAAGGCTCATTGGTT
GCTCCTGACCGCCTCAGATTTGACTTTACT
GCCAAGGGAGCCATGTCCACCCAACAGAT
CAAGAAGGCTGAAGAGATTGCTAATGAG
ATGATTGAGGCAGCCAAGGCCGTCTATAC
CCAGGATTGCCCCCTGGCAGCAGCGAAAG
CCATCCAGGGCCTACGGGCTGTGTTTGAT
GAGACCTATCCTGACCCTGTGCGAGTCGT
CTCCATTGGGGTCCCGGTGTCCGAGTTGC
TGGATGACCCCTCTGGGCCTGCTGGCTCC
CTGACTTCTGTTGAGTTCTGTGGGGGAAC
GCACCTGCGGAACTCGAGTCATGCAGGAG
CTTTTGTGATCGTGACGGAAGAAGCCATT
GCCAAGGGTATCCGGAGGATTGTGGCTGT
CACAGGTGCCGAGGCCCAGAAGGCCCTC
AGGAAAGCAGAGAGCTTGAAGAAATGTC
TCTCTGTCATGGAAGCCAAAGTGAAGGCT
CAGACTGCTCCAAACAAGGATGTGCAGA
GGGAGATCGCTGACCTTGGAGAGGCCCTG
GCCACTGCAGTCATCCCCCAGTGGCAGAA
GGATGAATTGCGGGAGACTCTCAAATCCC
TAAAGAAGGTCATGGATGACTTGGACCGA
GCCAGCAAAGCCGATGTCCAGAAACGAG
TGTTAGAGAAGACGAAGCAGTTCATCGAC
AGCAACCCCAACCAGCCTCTTGTCATCCT
GGAGATGGAGAGCGGCGCCTCAGCCAAG
GCCCTGAATGAAGCCTTGAAGCTCTTCAA
GATGCACTCCCCTCAGACTTCTGCCATGC

Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID.
species / NO.
Residues
ALQLATSFAQLRLGDVKN
AlaRS1%" | DNA / CGGGGTCTGGAGGTCACAGATGATTCCCC | SEQ.ID.
Human AAAGTACAATTACCATTTGGACTCCAGTG | NO.80
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Table 4A

C-terminal AARS polypeptides identified by MS

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

TCTTCACGGTGGACAATGAGGCTGGCAAG
ATCACGTGCCTGTGTCAAGTTCCCCAGAA
TGCAGCCAATCGGGGCTTAAAAGCCAGCG
AGTGGGTGCAGCAGGTGTCAGGCTTGATG
GACGGTAAAGGTGGTGGCAAGGATGTGT
CTGCACAGGCCACAGGCAAGAACGTTGG
CTGCCTGCAGGAGGCGCTGCAGCTGGCCA
CTTCCTTCGCCCAGCTGCGCCTCGGGGAT
GTAAAGAACTGA

AlaRS1%?

Protein /
Human /
758-968

AEAQKALRKAESLKKCLSVMEAKVKAQTA
PNKDVQREIADLGEALATAVIPQWQKDELR
ETLKSLKKVMDDLDRASKADVQKRVLEKT
KQFIDSNPNQPLVILEMESGASAKALNEALK
LFKMHSPQTSAMLFTVDNEAGKITCLCQVP
QNAANRGLKASEWVQQVSGLMDGKGGGK
DVSAQATGKNVGCLQEALQLATSFAQLRL
GDVKN

SEQ.ID.
NO.81

AlaRS1%

DNA /
Human

GCCGAGGCCCAGAAGGCCCTCAGGAAAG
CAGAGAGCTTGAAGAAATGTCTCTCTGTC
ATGGAAGCCAAAGTGAAGGCTCAGACTG
CTCCAAACAAGGATGTGCAGAGGGAGAT
CGCTGACCTTGGAGAGGCCCTGGCCACTG
CAGTCATCCCCCAGTGGCAGAAGGATGAA
TTGCGGGAGACTCTCAAATCCCTAAAGAA
GGTCATGGATGACTTGGACCGAGCCAGCA
AAGCCGATGTCCAGAAACGAGTGTTAGA
GAAGACGAAGCAGTTCATCGACAGCAAC
CCCAACCAGCCTCTTGTCATCCTGGAGAT
GGAGAGCGGCGCCTCAGCCAAGGCCCTG
AATGAAGCCTTGAAGCTCTTCAAGATGCA
CTCCCCTCAGACTTCTGCCATGCTCTTCAC
GGTGGACAATGAGGCTGGCAAGATCACG
TGCCTGTGTCAAGTTCCCCAGAATGCAGC
CAATCGGGGCTTAAAAGCCAGCGAGTGG
GTGCAGCAGGTGTCAGGCTTGATGGACGG
TAAAGGTGGTGGCAAGGATGTGTCTGCAC
AGGCCACAGGCAAGAACGTTGGCTGCCTG
CAGGAGGCGCTGCAGCTGGCCACTTCCTT
CGCCCAGCTGCGCCTCGGGGATGTAAAGA
ACTGA

SEQ.ID.
NO.82

AlaRS1%*

Protein /
Human /
588-968

QVWLFIDEPRRRPIMSNHTATHILNFALRSV
LGEADQKGSLVAPDRLRFDFTAKGAMSTQ

QIKKAEEIANEMIEAAKAVYTQDCPLAAAK
AIQGLRAVFDETYPDPVRVVSIGVPVSELLD

SEQ.ID.
NO.83
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Table 4A

C-terminal AARS polypeptides identified by MS

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

DPSGPAGSLTSVEFCGGTHLRNSSHAGAFVI
VTEEAIAKGIRRIVAVTGAEAQKALRKAESL
KKCLSVMEAKVKAQTAPNKDVQREIADLG
EALATAVIPQWQKDELRETLKSLKKVMDD
LDRASKADVQKRVLEKTKQFIDSNPNQPLV
ILEMESGASAKALNEALKLFKMHSPQTSAM
LFTVDNEAGKITCLCQVPQNAANRGLKASE
WVQQVSGLMDGKGGGKDVSAQATGKNVG
CLQEALQLATSFAQLRLGDVKN

AlaRS1%*

DNA /
Human

CAGGTCTGGCTGTTTATTGATGAGCCCCG
ACGAAGACCCATCATGAGCAACCACACA
GCTACGCACATTCTGAACTTCGCCCTGCG
CTCAGTGCTTGGGGAAGCTGACCAGAAAG
GCTCATTGGTTGCTCCTGACCGCCTCAGA
TTTGACTTTACTGCCAAGGGAGCCATGTC
CACCCAACAGATCAAGAAGGCTGAAGAG
ATTGCTAATGAGATGATTGAGGCAGCCAA
GGCCGTCTATACCCAGGATTGCCCCCTGG
CAGCAGCGAAAGCCATCCAGGGCCTACG
GGCTGTGTTTGATGAGACCTATCCTGACC
CTGTGCGAGTCGTCTCCATTGGGGTCCCG
GTGTCCGAGTTGCTGGATGACCCCTCTGG
GCCTGCTGGCTCCCTGACTTCTGTTGAGTT
CTGTGGGGGAACGCACCTGCGGAACTCGA
GTCATGCAGGAGCTTTTGTGATCGTGACG
GAAGAAGCCATTGCCAAGGGTATCCGGA
GGATTGTGGCTGTCACAGGTGCCGAGGCC
CAGAAGGCCCTCAGGAAAGCAGAGAGCT
TGAAGAAATGTCTCTCTGTCATGGAAGCC
AAAGTGAAGGCTCAGACTGCTCCAAACA
AGGATGTGCAGAGGGAGATCGCTGACCTT
GGAGAGGCCCTGGCCACTGCAGTCATCCC
CCAGTGGCAGAAGGATGAATTGCGGGAG
ACTCTCAAATCCCTAAAGAAGGTCATGGA
TGACTTGGACCGAGCCAGCAAAGCCGATG
TCCAGAAACGAGTGTTAGAGAAGACGAA
GCAGTTCATCGACAGCAACCCCAACCAGC
CTCTTGTCATCCTGGAGATGGAGAGCGGC
GCCTCAGCCAAGGCCCTGAATGAAGCCTT
GAAGCTCTTCAAGATGCACTCCCCTCAGA
CTTCTGCCATGCTCTTCACGGTGGACAAT
GAGGCTGGCAAGATCACGTGCCTGTGTCA
AGTTCCCCAGAATGCAGCCAATCGGGGCT
TAAAAGCCAGCGAGTGGGTGCAGCAGGT

SEQ.ID.
NO.84
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Table 4A
C-terminal AARS polypeptides identified by MS
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID.
species / NO.

Residues

GTCAGGCTTGATGGACGGTAAAGGTGGTG
GCAAGGATGTGTCTGCACAGGCCACAGGC
AAGAACGTTGGCTGCCTGCAGGAGGCGCT
GCAGCTGGCCACTTCCTTCGCCCAGCTGC
GCCTCGGGGATGTAAAGAACTGA

Table 4B
AlaRS1Y
Mass spec peptides detected and inferred linking peptides
Type/ | Sequence SEQ.ID.
species NO.
Protein | TCFYAEQGGQIYDEGYLVK SEQ.ID.
/ mouse NO.85

Protein | VDDSSEDKTEFTVKNAQVRGGYVLHIGTIYGNLKVGDQ | SEQ.ID.
/mouse | VRLFIDEPRRRPVMSNHTATHILNFALRSVLGEADQKGS | NO.86
LVAPDRLRFDFTAKGAMSTQQIKKAEEIVNGMIEAAKPV
YTQDCPLAAAKAIQGLRAVFDETYPDPVRVVSIGVPVSE
LLDDPCGPAGSLTSVEFCGGTHLRNSSHAGAFVIVTEEAI
AKGIRRIVAVTGAEAQKALRKSETLKKSLSAMEAKVKA

QTAPNKDVQR
Protein | EIADLGEALATAVIPQWQK SEQ.ID.
/ mouse NO.87
Protein | MFVDEVVTGQECGVVLDK SEQ.ID.
/ mouse NO.88
Protcin | TCFYAEQGGQIYDEGYLVK SEQ.ID.
/ mouse NO.89
Protein | VDDSSEDKTEFTVK SEQ.ID.
/ mouse NO.90
Protein | YNYQSDSSGSYVFECTVATVLALR SEQ.ID.
/ mouse NO .91
Protein | REKMFVDEVVTGQECGVVLDK SEQ.ID.
/ mouse NO.92
Protein | TCFYAEQGGQIYDEGYLVK SEQ.ID.
/ mouse NO.93

Protein | VDDSSEDKTEFTVKNAQVRGGYVLHIGTIYGNLKVGDQ | SEQ.ID.
/mouse | VRLFIDEPRRRPVMSNHTATHILNFALRSVLGEADQKGS | NO.94
LVAPDRLRFDFTAKGAMSTQQIKKAEEIVNGMIEAAKPY
YTQDCPLAAAKAIQGLRAVFDETYPDPVRVVSIGVPVSE
LLDDPCGPAGSLTSVEFCGGTHLRNSSHAGAFVIVTEEAI
AKGIRRIVAVTGAEAQKALRKSETLKKSLSAMEAKVKA
QTAPNKDVQREIADLGEALATAVIPQWQKDEQRETLKS
LKKVMDDLDRASKADVQKRVLEKTKQLIDSNPNQPLVI
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Table 4B
AlaRS1Y
Mass spec peptides detected and inferred linking peptides

Type /
species

Sequence

SEQ.ID.
NO.

LEMESGASAKALNEALKLFKTHSPQTSAMLFTVDNEAG
KITCLCQVPQNAANRGLK

Protein
/ mouse

ASEWVQQVSGLMDGK

SEQ.ID.
NO.95

Protein
/ mouse

VDDSSEDKTEFTVK

SEQ.ID.
NO.96

Protein
/ mouse

NAQVRGGYVLHIGTIYGNLKVGDQVRLFIDEPRRRPVMS
NHTATHILNFALRSVLGEADQKGSLVAPDRLRFDFTAKG
AMSTQQIKKAEEIVNGMIEAAKPVYTQDCPLAAAKAIQG
LRAVFDETYPDPVRVVSIGVPVSELLDDPCGPAGSLTSVE
FCGGTHLRNSSHAGAFVIVTEEAIAKGIRRIVAVTGAEAQ
KALRKSETLKKSLSAMEAKVKAQTAPNKDVQR

SEQ.ID.
NO.97

Protein
/ mousc

EIADLGEALATAVIPQWQK

SEQ.ID.
NO.98

Protein
/ mouse

DEQRETLKSLKKVMDDLDRASKADVQKRVLEKTKQLID
SNPNQPLVILEMESGASAKALNEALKLFK

SEQ.ID.
NO.99

Protein
/ mouse

THSPQTSAMLFTVDNEAGK

SEQ.ID.
NO.100

Protein
/ mouse

ITCLCQVPQNAANR

SEQ.ID.
NO.101

Protein
/ mouse

GLK

SEQ.ID.
NO.102

Protein
/ mouse

ASEWVQQVSGLMDGK

SEQ.ID.
NO.103

Table 4C
AlaRS1¢!
Concatenated sequences based on mass spec peptides detected

Type /
species

Sequence

SEQ.ID.
NO.

Protein
/ mouse

TCEYAEQGGOIYDEGYLVKVDDSSEDKTEFTVKNAQVR
GGYVLHIGTIYGNLKVGDQVRLFIDEPRRRPVMSNHTAT
HILNFALRSVLGEADQKGSLVAPDRLRFDFTAKGAMSTQ
QIKKAEEIVNGMIEAAKPVYTQDCPLAAAKAIQGLRAVF
DETYPDPVRVVSIGVPVSELLDDPCGPAGSLTSVEFCGGT
HLRNSSHAGAFVIVTEEAIAKGIRRIVAVTGAEAQKALR
KSETLKKSLSAMEAKVKAQTAPNKDVQREIADLGEALA
TAVIPOWOK

SEQ.ID.
NO.104

Protein
/ mouse

MFVDEVVTGQECGVVLDKTCFYAEQGGQIYDEGYLVK
VDDSSEDKTEFTVK

SEQ.ID.
NO.105

Protein
/ mouse

YNYOSDSSGSYVFECTVATVLALRREKMFVDEVVTGQE
CGVVLDKTCFYAEQGGOIYDEGYLVKVDDSSEDKTEFT

SEQ.ID.
NO.106

48




WO 2011/139853

PCT/US2011/034387

Table 4C
AlaRS1¢!
Concatenated sequences based on mass spec peptides detected
Type/ | Sequence SEQ.ID.
species NO.
VKNAQVRGGYVLHIGTIYGNLKVGDQVRLFIDEPRRRPV
MSNHTATHILNFALRSVLGEADQKGSLVAPDRLRFDFTA
KGAMSTQQIKKAEEIVNGMIEAAKPVYTQDCPLAAAKAI
QGLRAVFDETYPDPVRVVSIGVPVSELLDDPCGPAGSLT
SVEFCGGTHLRNSSHAGAFVIVTEEAIAKGIRRIVAVTGA
EAQKALRKSETLKKSLSAMEAKVKAQTAPNKDVQREIA
DLGEALATAVIPQWQKDEQRETLKSLKKVMDDLDRASK
ADVQKRVLEKTKQLIDSNPNQPLVILEMESGASAKAILNE
ALKLFKTHSPQTSAMLFTVDNEAGKITCLCQVPQNAAN
RGLKASEWVOQVSGLMDGK
Protein | VDDSSEDKTEFTVKNAQVRGGYVLHIGTIYGNLKVGDQ | SEQ.ID.
/mouse | VRLFIDEPRRRPVMSNHTATHILNFALRSVLGEADQKGS | NO.107
LVAPDRLRFDFTAKGAMSTQQIKKAEEIVNGMIEAAKPV
YTQDCPLAAAKAIQGLRAVFDETYPDPVRVVSIGVPVSE
LLDDPCGPAGSLTSVEFCGGTHLRNSSHAGAFVIVTEEAI
AKGIRRIVAVTGAEAQKALRKSETLKKSLSAMEAKVKA
QTAPNKDVQREIADLGEALATAVIPOWQKDEQRETLKS
LKKVMDDLDRASKADVQKRVLEKTKQLIDSNPNQPLVI
LEMESGASAKALNEALKLFKTHSPOQTSAMLFTVDNEAG
KITCLCOVPONAANRGLKASEWVOOQVSGLMDGK
Table 4D
AlaRS1
Mass spec peptides detected and inferred linking peptides
Type/ | Sequence SEQ.ID.
species NO.
Protein | DMSAQATGKNVGCLQEALQLATSFAQLR SEQ.ID.
/ mouse NO.108
Protein | DMSAQATGK SEQ.ID.
/ mouse NO.109
Protein | NVGCLQEALQLATSFAQLR SEQ.ID.
/ mouse NO.110
Table 4E
AlaRS1®
Concatenated sequences based on mass spec peptides detected
Type/ | Sequence SEQ.ID.
species NO.
Protein | MFVDEVVTGOQECGVVLDKTCFYAEQGGQIYDEGYLVK | SEQ.ID.
/mouse | VDDSSEDKTEFTVK NO.111
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Table 4F
AlaRS1¢
Mass spec peptides detected and inferred linking peptides

Type/
species

Sequence

SEQ.ID.
NO.

Protein
/ mouse

EIADLGEALATAVIPQWQK

SEQ.ID.
NO.112

Protein
/ mouse

DEQRETLKSLKKVMDDLDRASKADVQKRVLEKTKQLID
SNPNQPLVILEMESGASAKALNEALKLFKTHSPQTSAML
FTVDNEAGK

SEQ.ID.
NO.113

Protein
/ mousc

ITCLCQVPQNAANR

SEQ.ID.
NO.114

Table 4G
AlaRS1¢
Concatenated sequences based on mass spec peptides detected

Type /
species

Sequence

SEQ.ID.
NO.

Protein
/ mouse

EIADLGEALATAVIPOWOKDEQRETLKSLKKVMDDLDR
ASKADVQKRVLEKTKQLIDSNPNQPLVILEMESGASAKA
INEALKLFKTHSPQTSAMLFTVDNEAGKITCLCQVPONA
ANR

SEQ.ID.
NO.115

293-968 | VVVQSLGDAFPELKKDPDMVKDIINEEEVQ
FLKTLSRGRRILDRKIQSLGDSKTIPGDTAW
LLYDTYGFPVDLTGLIAEEKGLVVDMDGFE
EERKLAQLKSQGKGAGGEDLIMLDIY AIEEL
RARGLEVTDDSPKYNYHLDSSGSYVFENTV
ATVMALRREKMFVEEVSTGQECGVVLDKT
CFYAEQGGQIYDEGYLVKVDDSSEDKTEFT
VKNAQVRGGYVLHIGTIYGDLKVGDQVWL
FIDEPRRRPIMSNHTATHILNFALRSVLGEA
DQKGSLVAPDRLRFDFTAKGAMSTQQIKKA
EFTIANEMIEAAKAVYTQDCPLAAAKAIQGL
RAVFDETYPDPVRVVSIGVPVSELLDDPSGP
AGSLTSVEFCGGTHLRNSSHAGAFVIVTEEA

Table SA
C-terminal AARS polypeptides and alternative transcripts identified by Deep
Sequencing

Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID.
species / NO.
Residues

AlaRS1%® | Protein/ | MAYRVLADHARTITVALADGGRPDNTGRG | SEQ.ID.
Human/ | YVLRRILRRAVRYAHEKLNASRGFFATLVD | NO.116
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Table SA

Sequencing

C-terminal AARS polypeptides and alternative transcripts identified by Deep

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

TAKGIRRIVAVTGAEAQKALRKAESLKKCLS
VMEAKVKAQTAPNKDVQREIADLGEALAT
AVIPQWQKDELRETLKSLKKVMDDLDRAS
KADVQKRVLEKTKQFIDSNPNQPLVILEME
SGASAKALNEALKLFKMHSPQTSAMLFTVD
NEAGKITCLCQVPQNAANRGLKASEWVQQ
VSGLMDGKGGGKDVSAQATGKNVGCLQE
ALQLATSFAQLRLGDVKN

AlaRS1%®

DNA /
Human /

ATGGCCTACCGGGTGCTGGCTGACCACGC
TCGGACCATCACTGTGGCACTGGCTGATG
GTGGCCGGCCTGACAACACAGGGCGTGG
ATATGTGTTGAGACGGATTCTCCGCCGAG
CTGTCCGATACGCCCATGAAAAGCTCAAT
GCCAGCAGGGGCTTCTTTGCTACGTTAGT
GGATGTTGTCGTCCAGTCCCTGGGAGATG
CATTTCCTGAGCTGAAGAAGGACCCAGAC
ATGGTGAAGGACATCATTAATGAAGAAG
AGGTGCAGTTTCTCAAGACTCTCAGCAGA
GGGCGTCGCATCCTGGACAGGAAAATTCA
GAGCCTGGGAGACAGCAAGACCATTCCC
GGAGACACTGCTTGGCTCCTCTATGACAC
CTATGGGTTTCCAGTGGATCTGACTGGAC
TGATTGCTGAAGAGAAGGGCCTGGTGGTA
GACATGGATGGCTTTGAAGAGGAGAGGA
AACTGGCCCAGCTGAAATCACAGGGCAA
GGGAGCTGGTGGGGAAGACCTCATTATGC
TGGACATTTACGCTATCGAAGAGCTCCGG
GCACGGGGTCTGGAGGTCACAGATGATTC
CCCAAAGTACAATTACCATTTGGACTCCA
GTGGTAGCTATGTATTTGAGAACACAGTG
GCTACGGTGATGGCTCTGCGCAGGGAGAA
GATGTTCGTGGAAGAGGTGTCCACAGGCC
AGGAGTGTGGAGTGGTGCTGGACAAGAC
CIGTTTCTATGCTGAGCAAGGAGGCCAGA
TCTATGACGAAGGCTACCTGGTGAAGGTG
GATGACAGCAGTGAAGATAAAACAGAGT
TTACAGTGAAGAATGCTCAGGTCCGAGGA
GGGTATGTGCTACACATTGGAACCATCTA
CGGTGACCTGAAAGTGGGGGATCAGGTCT
GGCTGTTTATTGATGAGCCCCGACGAAGA
CCCATCATGAGCAACCACACAGCTACGCA
CATTCTGAACTTCGCCCTGCGCTCAGTGCT
TGGGGAAGCTGACCAGAAAGGCTCATTG

SEQ.ID.
NO.117
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Table SA

C-terminal AARS polypeptides and alternative transcripts identified by Deep

Sequencing

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

GTTGCTCCTGACCGCCTCAGATTTGACTTT
ACTGCCAAGGGAGCCATGTCCACCCAACA
GATCAAGAAGGCTGAAGAGATTGCTAAT
GAGATGATTGAGGCAGCCAAGGCCGTCTA
TACCCAGGATTGCCCCCTGGCAGCAGCGA
AAGCCATCCAGGGCCTACGGGCTGTGTTT
GATGAGACCTATCCTGACCCTGTGCGAGT
CGTCTCCATTGGGGTCCCGGTGTCCGAGT
TGCTGGATGACCCCTCTGGGCCTGCTGGC
TCCCTGACTTCTGTTGAGTTCTGTGGGGG
AACGCACCTGCGGAACTCGAGTCATGCAG
GAGCTTTTGTGATCGTGACGGAAGAAGCC
ATTGCCAAGGGTATCCGGAGGATTGTGGC
TGTCACAGGTGCCGAGGCCCAGAAGGCCC
TCAGGAAAGCAGAGAGCTTGAAGAAATG
TCTCTCTGTCATGGAAGCCAAAGTGAAGG
CTCAGACTGCTCCAAACAAGGATGTGCAG
AGGGAGATCGCTGACCTTGGAGAGGCCCT
GGCCACTGCAGTCATCCCCCAGTGGCAGA
AGGATGAATTGCGGGAGACTCTCAAATCC
CTAAAGAAGGTCATGGATGACTTGGACCG
AGCCAGCAAAGCCGATGTCCAGAAACGA
GTGTTAGAGAAGACGAAGCAGTTCATCGA
CAGCAACCCCAACCAGCCTCTTGTCATCC
TGGAGATGGAGAGCGGCGCCTCAGCCAA
GGCCCTGAATGAAGCCTTGAAGCTCTTCA
AGATGCACTCCCCTCAGACTTCTGCCATG
CTCTTCACGGTGGACAATGAGGCTGGCAA
GATCACGTGCCTGTGTCAAGTTCCCCAGA
ATGCAGCCAATCGGGGCTTAAAAGCCAGC
GAGTGGGTGCAGCAGGTGTCAGGCTTGAT
GGACGGTAAAGGTGGTGGCAAGGATGTG
TCTGCACAGGCCACAGGCAAGAACGTTGG
CTGCCTGCAGGAGGCGCTGCAGCTGGCCA
CTTCCTTCGCCCAGCTGCGCCTCGGGGAT
GTAAAGAACTGA

AlaRS1%

Protein /
Human /
1-48 +

450-968

MDSTLTASEIRQRFIDFFKRNEHTY VHSSATI
PLDDPTLLFANAGMNQLKSQGKGAGGEDLI
MLDIYAIEELRARGLEVTDDSPKYNYHLDS
SGSYVFENTVATVMALRREKMFVEEVSTG
QECGVVLDKTCFYAEQGGQIYDEGYLVKYV
DDSSEDKTEFTVKNAQVRGGY VLHIGTIYG
DLKVGDQVWLFIDEPRRRPIMSNHTATHIL

SEQ.ID.
NO.118
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Table SA

Sequencing

C-terminal AARS polypeptides and alternative transcripts identified by Deep

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

NFALRSVLGEADQKGSLVAPDRLRFDFTAK
GAMSTQQIKKAEEIANEMIEAAKAVYTQDC
PLAAAKAIQGLRAVFDETYPDPVRVVSIGVP
VSELLDDPSGPAGSLTSVEFCGGTHLRNSSH
AGAFVIVTEEAIAKGIRRIVAVTGAEAQKAL
RKAESLKKCLSVMEAKVKAQTAPNKDVQR
EIADLGEALATAVIPQWQKDELRETLKSLK
KVMDDLDRASKADVQKRVLEKTKQFIDSN
PNQPLVILEMESGASAKALNEALKLFKMHS
PQTSAMLFTVDNEAGKITCLCQVPQNAANR
GLKASEWVQQVSGLMDGKGGGKDVSAQA
TGKNVGCLQEALQLATSFAQLRLGDVKN

AlaRS1Y

DNA /
Human /

ATGGACTCTACTCTAACAGCAAGTGAAAT
CCGGCAGCGATTTATAGATTTCTTCAAGA
GGAACGAGCATACGTATGTTCACTCGTCT
GCCACCATCCCATTGGATGACCCCACTTT
GCTCTTTGCCAATGCAGGCATGAACCAGC
TGAAATCACAGGGCAAGGGAGCTGGTGG
GGAAGACCTCATTATGCTGGACATTTACG
CTATCGAAGAGCTCCGGGCACGGGGTCTG
GAGGTCACAGATGATTCCCCAAAGTACAA
TTACCATTTGGACTCCAGTGGTAGCTATG
TATTTGAGAACACAGTGGCTACGGTGATG
GCTCTGCGCAGGGAGAAGATGTTCGTGGA
AGAGGTGTCCACAGGCCAGGAGTGTGGA
GTGGTGCTGGACAAGACCTGTTTCTATGC
TGAGCAAGGAGGCCAGATCTATGACGAA
GGCTACCTGGTGAAGGTGGATGACAGCA
GTGAAGATAAAACAGAGTTTACAGTGAA
GAATGCTCAGGTCCGAGGAGGGTATGTGC
TACACATTGGAACCATCTACGGTGACCTG
AAAGTGGGGGATCAGGTCTGGCTGTTTAT
TGATGAGCCCCGACGAAGACCCATCATGA
GCAACCACACAGCTACGCACATTCTGAAC
TTCGCCCTGCGCTCAGTGCTTGGGGAAGC
TGACCAGAAAGGCTCATTGGTTGCTCCTG
ACCGCCTCAGATTTGACTTTACTGCCAAG
GGAGCCATGTCCACCCAACAGATCAAGA
AGGCTGAAGAGATTGCTAATGAGATGATT
GAGGCAGCCAAGGCCGTCTATACCCAGG
ATTGCCCCCTGGCAGCAGCGAAAGCCATC
CAGGGCCTACGGGCTGTGTTTGATGAGAC
CTATCCTGACCCTGTGCGAGTCGTCTCCAT

SEQ.ID.
NO.119

53
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Table SA

C-terminal AARS polypeptides and alternative transcripts identified by Deep

Sequencing

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

TGGGGTCCCGGTGTCCGAGTTGCTGGATG
ACCCCTCTGGGCCTGCTGGCTCCCTGACTT
CTGTTGAGTTCTGTGGGGGAACGCACCTG
CGGAACTCGAGTCATGCAGGAGCTTTTGT
GATCGTGACGGAAGAAGCCATTGCCAAG
GGTATCCGGAGGATTGTGGCTGTCACAGG
TGCCGAGGCCCAGAAGGCCCTCAGGAAA
GCAGAGAGCTTGAAGAAATGTCTCTCTGT
CATGGAAGCCAAAGTGAAGGCTCAGACT
GCTCCAAACAAGGATGTGCAGAGGGAGA
TCGCTGACCTTGGAGAGGCCCTGGCCACT
GCAGTCATCCCCCAGTGGCAGAAGGATGA
ATTGCGGGAGACTCTCAAATCCCTAAAGA
AGGTCATGGATGACTTGGACCGAGCCAGC
AAAGCCGATGTCCAGAAACGAGTGTTAG
AGAAGACGAAGCAGTTCATCGACAGCAA
CCCCAACCAGCCTCTTGTCATCCTGGAGA
TGGAGAGCGGCGCCTCAGCCAAGGCCCTG
AATGAAGCCTTGAAGCTCTTCAAGATGCA
CTCCCCTCAGACTTCTGCCATGCTCTTCAC
GGTGGACAATGAGGCTGGCAAGATCACG
TGCCTGTGTCAAGTTCCCCAGAATGCAGC
CAATCGGGGCTTAAAAGCCAGCGAGTGG
GTGCAGCAGGTGTCAGGCTTGATGGACGG
TAAAGGTGGTGGCAAGGATGTGTCTGCAC
AGGCCACAGGCAAGAACGTTGGCTGCCTG
CAGGAGGCGCTGCAGCTGGCCACTTCCTT
CGCCCAGCTGCGCCTCGGGGATGTAAAGA
ACTGA

AlaRS1¢!
0

Protein /
Human /
1-407 +

498-968

MDSTLTASEIRQRFIDFFKRNEHTY VHSSATI
PLDDPTLLFANAGMNQFKPIFLNTIDPSHPM
AKLSRAANTQKCIRAGGKHNDLDDVGKDV
YHHTFFEMLGSWSFGDYFKELACKMALEL

LTQEFGIPIERLYVIYFGGDEAAGLEADLEC
KQIWQNLGLDDTKILPGNMKDNFWEMGDT
GPCGPCSEIHYDRIGGRDAAHLVNQDDPNV
LEIWNLVFIQYNREADGILKPLPKKSIDTGM
GLERLVSVLONKMSNYDTDLFVPYFEAIQK
GTGARPYTGKVGAEDADGIDMAYRVLADH
ARTITVALADGGRPDNTGRGYVLRRILRRA

VRYAHEKLNASRGFFATLVDVVVQSLGDA

FPELKKDPDMVKDIINEEEVQFLKTLSRGRR
ILDRKIQSLGDSKTIPVFENTVATVMALRRE

SEQ.ID.
NO.120

54
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Table SA

Sequencing

C-terminal AARS polypeptides and alternative transcripts identified by Deep

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

KMFVEEVSTGQECGVVLDKTCFYAEQGGQI
YDEGYLVKVDDSSEDKTEFTVKNAQVRGG
YVLHIGTIY GDLKVGDQVWLFIDEPRRRPIM
SNHTATHILNFALRSVLGEADQKGSLVAPD
RLRFDFTAKGAMSTQQIKKAEEIANEMIEA
AKAVYTQDCPLAAAKAIQGLRAVFDETYP
DPVRVVSIGVPVSELLDDPSGPAGSLTSVEF
CGGTHLRNSSHAGAFVIVTEEAIAKGIRRIV
AVTGAEAQKALRKAESLKKCLSVMEAKVK
AQTAPNKDVQREIADLGEALATAVIPQWQK
DELRETLKSLKKVMDDLDRASKADVQKRV
LEKTKQFIDSNPNQPLVILEMESGASAKALN
EALKLFKMHSPQTSAMLFTVDNEAGKITCL
CQVPQNAANRGLKASEWVQQVSGLMDGK
GGGKDVSAQATGKNVGCLQEALQLATSFA
QLRLGDVKN

AlaRS1%!
0

DNA /
Human /

ATGGACTCTACTCTAACAGCAAGTGAAAT
CCGGCAGCGATTTATAGATTTCTTCAAGA
GGAACGAGCATACGTATGTTCACTCGTCT
GCCACCATCCCATTGGATGACCCCACTTT
GCTCTTTGCCAATGCAGGCATGAACCAGT
TTAAACCCATTTTCCTGAACACAATTGAC
CCATCTCACCCCATGGCAAAGCTGAGCAG
AGCTGCCAATACCCAGAAGTGCATCCGGG
CTGGGGGCAAACATAATGACCTGGACGAT
GTGGGCAAGGATGTCTATCATCACACCTT
CTTCGAGATGCTGGGCTCTTGGTCTTTTGG
AGATTACTTTAAGGAATTGGCATGTAAGA
TGGCTCTGGAACTCCTCACCCAAGAGTTT
GGCATTCCCATTGAAAGACTTTATGTTAC
TTACTTTGGCGGGGATGAAGCAGCTGGCT
TAGAAGCAGATCTGGAATGCAAACAGAT
CTGGCAAAATTTGGGGCTGGATGACACCA
AAATCCTCCCAGGCAACATGAAGGATAAC
TTCTGGGAGATGGGTGACACGGGCCCCTG
TGGTCCTTGCAGTGAGATCCACTACGACC
GGATTGGTGGTCGGGACGCCGCACATCTT
GTCAACCAGGACGACCCTAATGTGCTGGA
GATCTGGAACCTTGTGTTCATCCAGTATA
ACAGGGAAGCTGATGGCATTCTGAAACCT
CTTCCCAAGAAAAGCATTGACACAGGGAT
GGGCCTGGAACGACTGGTATCTGTGCTGC
AGAATAAGATGTCCAACTATGACACTGAC

SEQ.ID.
NO.121

55
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Table SA
C-terminal AARS polypeptides and alternative transcripts identified by Deep
Sequencing
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID.
species / NO.

Residues

CTTTTTGTCCCTTACTTTGAAGCCATTCAG
AAGGGCACAGGTGCCCGACCATACACTG
GGAAAGTTGGTGCTGAGGATGCCGATGG
GATTGACATGGCCTACCGGGTGCTGGCTG
ACCACGCTCGGACCATCACTGTGGCACTG
GCTGATGGTGGCCGGCCTGACAACACAGG
GCGTGGATATGTGTTGAGACGGATTCTCC
GCCGAGCTGTCCGATACGCCCATGAAAAG
CTCAATGCCAGCAGGGGCTTCTTTGCTAC
GTTAGTGGATGTTGTCGTCCAGTCCCTGG
GAGATGCATTTCCTGAGCTGAAGAAGGAC
CCAGACATGGTGAAGGACATCATTAATGA
AGAAGAGGTGCAGTTTCTCAAGACTCTCA
GCAGAGGGCGTCGCATCCTGGACAGGAA
AATTCAGAGCCTGGGAGACAGCAAGACC
ATTCCCGTATTTGAGAACACAGTGGCTAC
GGTGATGGCTCTGCGCAGGGAGAAGATGT
TCGTGGAAGAGGTGTCCACAGGCCAGGA
GTGTGGAGTGGTGCTGGACAAGACCTGTT
TCTATGCTGAGCAAGGAGGCCAGATCTAT
GACGAAGGCTACCTGGTGAAGGTGGATG
ACAGCAGTGAAGATAAAACAGAGTTTAC
AGTGAAGAATGCTCAGGTCCGAGGAGGG
TATGTGCTACACATTGGAACCATCTACGG
TGACCTGAAAGTGGGGGATCAGGTCTGGC
TGTTTATTGATGAGCCCCGACGAAGACCC
ATCATGAGCAACCACACAGCTACGCACAT
TCTGAACTTCGCCCTGCGCTCAGTGCTTG
GGGAAGCTGACCAGAAAGGCTCATTGGTT
GCTCCTGACCGCCTCAGATTTGACTTTACT
GCCAAGGGAGCCATGTCCACCCAACAGAT
CAAGAAGGCTGAAGAGATTGCTAATGAG
ATGATTGAGGCAGCCAAGGCCGTCTATAC
CCAGGATTGCCCCCTGGCAGCAGCGAAAG
CCATCCAGGGCCTACGGGCTGTGTTTGAT
GAGACCTATCCTGACCCTGTGCGAGTCGT
CTCCATTGGGGTCCCGGTGTCCGAGTTGC
TGGATGACCCCTCTGGGCCTGCTGGCTCC
CTGACTTCTGTTGAGTTCTGTGGGGGAAC
GCACCTGCGGAACTCGAGTCATGCAGGAG
CTTTTGTGATCGTGACGGAAGAAGCCATT
GCCAAGGGTATCCGGAGGATTGTGGCTGT
CACAGGTGCCGAGGCCCAGAAGGCCCTC
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Table SA

C-terminal AARS polypeptides and alternative transcripts identified by Deep

Sequencing

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

AGGAAAGCAGAGAGCTTGAAGAAATGTC
TCTCTGTCATGGAAGCCAAAGTGAAGGCT
CAGACTGCTCCAAACAAGGATGTGCAGA
GGGAGATCGCTGACCTTGGAGAGGCCCTG
GCCACTGCAGTCATCCCCCAGTGGCAGAA
GGATGAATTGCGGGAGACTCTCAAATCCC
TAAAGAAGGTCATGGATGACTTGGACCGA
GCCAGCAAAGCCGATGTCCAGAAACGAG
TGTTAGAGAAGACGAAGCAGTTCATCGAC
AGCAACCCCAACCAGCCTCTTGTCATCCT
GGAGATGGAGAGCGGCGCCTCAGCCAAG
GCCCTGAATGAAGCCTTGAAGCTCTTCAA
GATGCACTCCCCTCAGACTTCTGCCATGC
TCTTCACGGTGGACAATGAGGCTGGCAAG
ATCACGTGCCTGTGTCAAGTTCCCCAGAA
TGCAGCCAATCGGGGCTTAAAAGCCAGCG
AGTGGGTGCAGCAGGTGTCAGGCTTGATG
GACGGTAAAGGTGGTGGCAAGGATGTGT
CTGCACAGGCCACAGGCAAGAACGTTGG
CTGCCTGCAGGAGGCGCTGCAGCTGGCCA
CTTCCTTCGCCCAGCTGCGCCTCGGGGAT
GTAAAGAACTGA

AlaRS1%!
1

Protein /
Human /
16 aa +
558-968

MIPQSTITIWTPVVAMKTEFTVKNAQVRGG
YVLHIGTIYGDLKVGDQVWLFIDEPRRRPIM
SNHTATHILNFALRSVLGEADQKGSLVAPD
RLRFDFTAKGAMSTQQIKKAEEIANEMIEA
AKAVYTQDCPLAAAKAIQGLRAVFDETYP
DPVRVVSIGVPVSELLDDPSGPAGSLTSVEF
CGGTHLRNSSHAGAFVIVTEEATAKGIRRIV
AVTGAEAQKALRKAESLKKCLSVMEAKVK
AQTAPNKDVQREIADLGEALATAVIPQWQK
DELRETLKSLKKVMDDLDRASKADVQKRV
LEKTKQFIDSNPNQPLVILEMESGASAKALN
EALKLFKMHSPQTSAMLFTVDNEAGKITCL
CQVPQNAANRGLKASEWVQQVSGLMDGK
GGGKDVSAQATGKNVGCLQEALQLATSFA
QLRLGDVKN

SEQ.ID.
NO.122

AlaRS1!
1

DNA /
Human /

ATGATTCCCCAAAGTACAATTACCATTTG
GACTCCAGTGGTAGCTATGAAAACAGAGT
TTACAGTGAAGAATGCTCAGGTCCGAGGA
GGGTATGTGCTACACATTGGAACCATCTA
CGGTGACCTGAAAGTGGGGGATCAGGTCT
GGCTGTTTATTGATGAGCCCCGACGAAGA

SEQ.ID.
NO.123
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Table SA

C-terminal AARS polypeptides and alternative transcripts identified by Deep

Sequencing

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

CCCATCATGAGCAACCACACAGCTACGCA
CATTCTGAACTTCGCCCTGCGCTCAGTGCT
TGGGGAAGCTGACCAGAAAGGCTCATTG
GTTGCTCCTGACCGCCTCAGATTTGACTTT
ACTGCCAAGGGAGCCATGTCCACCCAACA
GATCAAGAAGGCTGAAGAGATTGCTAAT
GAGATGATTGAGGCAGCCAAGGCCGTCTA
TACCCAGGATTGCCCCCTGGCAGCAGCGA
AAGCCATCCAGGGCCTACGGGCTGTGTTT
GATGAGACCTATCCTGACCCTGTGCGAGT
CGTCTCCATTGGGGTCCCGGTGTCCGAGT
TGCTGGATGACCCCTCTGGGCCTGCTGGC
TCCCTGACTTCTGTTGAGTTCTGTGGGGG
AACGCACCTGCGGAACTCGAGTCATGCAG
GAGCTTTTGTGATCGTGACGGAAGAAGCC
ATTGCCAAGGGTATCCGGAGGATTGTGGC
TGTCACAGGTGCCGAGGCCCAGAAGGCCC
TCAGGAAAGCAGAGAGCTTGAAGAAATG
TCTCTCTGTCATGGAAGCCAAAGTGAAGG
CTCAGACTGCTCCAAACAAGGATGTGCAG
AGGGAGATCGCTGACCTTGGAGAGGCCCT
GGCCACTGCAGTCATCCCCCAGTGGCAGA
AGGATGAATTGCGGGAGACTCTCAAATCC
CTAAAGAAGGTCATGGATGACTTGGACCG
AGCCAGCAAAGCCGATGTCCAGAAACGA
GTGTTAGAGAAGACGAAGCAGTTCATCGA
CAGCAACCCCAACCAGCCTCTTGTCATCC
TGGAGATGGAGAGCGGCGCCTCAGCCAA
GGCCCTGAATGAAGCCTTGAAGCTCTTCA
AGATGCACTCCCCTCAGACTTCTGCCATG
CTCTTCACGGTGGACAATGAGGCTGGCAA
GATCACGTGCCTGTGTCAAGTTCCCCAGA
ATGCAGCCAATCGGGGCTTAAAAGCCAGC
GAGTGGGTGCAGCAGGTGTCAGGCTTGAT
GGACGGTAAAGGTGGTGGCAAGGATGTG
TCTGCACAGGCCACAGGCAAGAACGTTGG
CTGCCTGCAGGAGGCGCTGCAGCTGGCCA
CTTCCTTCGCCCAGCTGCGCCTCGGGGAT
GTAAAGAACTGA

AlaRS1Y
2

Protein /
Human /
2aat

727-968

MRHLRNSSHAGAFVIVTEEAIAKGIRRIVAV
TGAEAQKALRKAESLKKCLSVMEAKVKAQ
TAPNKDVQREIADLGEALATAVIPQWQKDE
LRETLKSLKKVMDDLDRASKADVQKRVLE

SEQ.ID.
NO.124
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Table SA

C-terminal AARS polypeptides and alternative transcripts identified by Deep

Sequencing

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

KTKQFIDSNPNQPLVILEMESGASAKALNEA
LKLFKMHSPQTSAMLFTVDNEAGKITCLCQ
VPQNAANRGLKASEWVQQVSGLMDGKGG
GKDVSAQATGKNVGCLQEALQLATSFAQL
RLGDVKN

AlaRS1¢T
2

DNA /
Human /

ATGAGGCACCTGCGGAACTCGAGTCATGC
AGGAGCTTTTGTGATCGTGACGGAAGAAG
CCATTGCCAAGGGTATCCGGAGGATTGTG
GCTGTCACAGGTGCCGAGGCCCAGAAGG
CCCTCAGGAAAGCAGAGAGCTTGAAGAA
ATGTCTCTCTGTCATGGAAGCCAAAGTGA
AGGCTCAGACTGCTCCAAACAAGGATGTG
CAGAGGGAGATCGCTGACCTTGGAGAGG
CCCTGGCCACTGCAGTCATCCCCCAGTGG
CAGAAGGATGAATTGCGGGAGACTCTCA
AATCCCTAAAGAAGGTCATGGATGACTTG
GACCGAGCCAGCAAAGCCGATGTCCAGA
AACGAGTGTTAGAGAAGACGAAGCAGTT
CATCGACAGCAACCCCAACCAGCCTCTTG
TCATCCTGGAGATGGAGAGCGGCGCCTCA
GCCAAGGCCCTGAATGAAGCCTTGAAGCT
CTTCAAGATGCACTCCCCTCAGACTTCTG
CCATGCTCTTCACGGTGGACAATGAGGCT
GGCAAGATCACGTGCCTGTGTCAAGTTCC
CCAGAATGCAGCCAATCGGGGCTTAAAA
GCCAGCGAGTGGGTGCAGCAGGTGTCAG
GCTTGATGGACGGTAAAGGTGGTGGCAA
GGATGTGTCTGCACAGGCCACAGGCAAG
AACGTTGGCTGCCTGCAGGAGGCGCTGCA
GCTGGCCACTTCCTTCGCCCAGCTGCGCC
TCGGGGATGTAAAGAACTGA

SEQ.ID.
NO.125

AlaRS1Y
3

Protein /
Human /
370-968

MVKDIINEEEVQFLKTLSRGRRILDRKIQSL
GDSKTIPGDTAWLLYDTYGFPVDLTGLIAEE
KGLVVDMDGFEEERKLAQLKSQGKGAGGE
DLIMLDIYAIEELRARGLEVTDDSPKYNYHL
DSSGSYVFENTVATVMALRREKMFVEEVST
GQECGVVLDKTCFYAEQGGQIYDEGYLVK
VDDSSEDKTEFTVKNAQVRGGYVLHIGTIY
GDLKVGDQVWLFIDEPRRRPIMSNHTATHI
LNFALRSVLGEADQKGSLVAPDRLRFDFTA
KGAMSTQQIKKAEEIANEMIEAAKAVYTQD
CPLAAAKAIQGLRAVFDETYPDPVRVVSIG
VPVSELLDDPSGPAGSLTSVEFCGGTHLRNS

SEQ.ID.
NO.126

59




WO 2011/139853 PCT/US2011/034387

Table SA
C-terminal AARS polypeptides and alternative transcripts identified by Deep
Sequencing
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID.
species / NO.

Residues

SHAGAFVIVTEEAIAKGIRRIVAVTGAEAQK
ALRKAESLKKCLSVMEAKVKAQTAPNKDV
QREIADLGEALATAVIPQWQKDELRETLKS
LKKVMDDLDRASKADVQKRVLEKTKQFID
SNPNQPLVILEMESGASAKALNEALKLFKM
HSPQTSAMLFTVDNEAGKITCLCQVPQNAA
NRGLKASEWVQQVSGLMDGKGGGKDVSA
QATGKNVGCLQEALQLATSFAQLRLGDVK
N

AlaRS1“" | DNA / ATGGTGAAGGACATCATTAATGAAGAAG | SEQ.ID.
’ Human/ | AGGTGCAGTTTCTCAAGACTCTCAGCAGA | NO.127
GGGCGTCGCATCCTGGACAGGAAAATTCA
GAGCCTGGGAGACAGCAAGACCATTCCC

GGAGACACTGCTTGGCTCCTCTATGACAC
CTATGGGTTTCCAGTGGATCTGACTGGAC
TGATTGCTGAAGAGAAGGGCCTGGTGGTA
GACATGGATGGCTTTGAAGAGGAGAGGA
AACTGGCCCAGCTGAAATCACAGGGCAA

GGGAGCTGGTGGGGAAGACCTCATTATGC
TGGACATTTACGCTATCGAAGAGCTCCGG
GCACGGGAGTCTGGAGGTCACAGATGATTC
CCCAAAGTACAATTACCATTTGGACTCCA
GTGGTAGCTATGTATTTGAGAACACAGTG
GCTACGGTGATGGCTCTGCGCAGGGAGAA
GATGTTCGTGGAAGAGGTGTCCACAGGCC
AGGAGTGTGGAGTGGTGCTGGACAAGAC

CTGTTTCTATGCTGAGCAAGGAGGCCAGA
TCTATGACGAAGGCTACCTGGTGAAGGTG
GATGACAGCAGTGAAGATAAAACAGAGT
TTACAGTGAAGAATGCTCAGGTCCGAGGA
GGGTATGTGCTACACATTGGAACCATCTA
CGGTGACCTGAAAGTGGGGGATCAGGTCT
GGCTGTTTATTGATGAGCCCCGACGAAGA
CCCATCATGAGCAACCACACAGCTACGCA
CATTCTGAACTTCGCCCTGCGCTCAGTGCT
TGGGGAAGCTGACCAGAAAGGCTCATTG

GTTGCTCCTGACCGCCTCAGATTTGACTTT
ACTGCCAAGGGAGCCATGTCCACCCAACA
GATCAAGAAGGCTGAAGAGATTGCTAAT

GAGATGATTGAGGCAGCCAAGGCCGTCTA
TACCCAGGATTGCCCCCTGGCAGCAGCGA
AAGCCATCCAGGGCCTACGGGCTGTGTTT
GATGAGACCTATCCTGACCCTGTGCGAGT
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Table SA

Sequencing

C-terminal AARS polypeptides and alternative transcripts identified by Deep

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

CGTCTCCATTGGGGTCCCGGTGTCCGAGT
TGCTGGATGACCCCTCTGGGCCTGCTGGC
TCCCTGACTTCTGTTGAGTTCTGTGGGGG
AACGCACCTGCGGAACTCGAGTCATGCAG
GAGCTTTTGTGATCGTGACGGAAGAAGCC
ATTGCCAAGGGTATCCGGAGGATTGTGGC
TGTCACAGGTGCCGAGGCCCAGAAGGCCC
TCAGGAAAGCAGAGAGCTTGAAGAAATG
TCTCTCTGTCATGGAAGCCAAAGTGAAGG
CTCAGACTGCTCCAAACAAGGATGTGCAG
AGGGAGATCGCTGACCTTGGAGAGGCCCT
GGCCACTGCAGTCATCCCCCAGTGGCAGA
AGGATGAATTGCGGGAGACTCTCAAATCC
CTAAAGAAGGTCATGGATGACTTGGACCG
AGCCAGCAAAGCCGATGTCCAGAAACGA
GTGTTAGAGAAGACGAAGCAGTTCATCGA
CAGCAACCCCAACCAGCCTCTTGTCATCC
TGGAGATGGAGAGCGGCGCCTCAGCCAA
GGCCCTGAATGAAGCCTTGAAGCTCTTCA
AGATGCACTCCCCTCAGACTTCTGCCATG
CTICTTCACGGTGGACAATGAGGCTGGCAA
GATCACGTGCCTGTGTCAAGTTCCCCAGA
ATGCAGCCAATCGGGGCTTAAAAGCCAGC
GAGTGGGTGCAGCAGGTGTCAGGCTTGAT
GGACGGTAAAGGTGGTGGCAAGGATGTG
TCTGCACAGGCCACAGGCAAGAACGTTGG
CTGCCTGCAGGAGGCGCTGCAGCTGGCCA
CTTCCTTCGCCCAGCTGCGCCTCGGGGAT
GTAAAGAACTGA

Table 5B

AARS polypeptides unique splice junctions

Nam

Type/ | Amino acid and Nucleic Acid | Human | Human
species | Sequences in the vicinity of the | fetal Adult

unique splice junction brain brain

SEQ.ID.
NO.

Al-
ASO1

DNA/ ACCTTGTGTTCATCCAGTAT | 1 0

Human/ | AACAG|GGCACAGGTGCCC
GACCATACACTG

SEQ.ID.
NO.128

Protein/ | N/A
Human /

Al-

DNA/ | CTTTGCCAATGCAGGCATG

SEQ.ID.
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Table 5B
AARS polypeptides unique splice junctions
Nam | Type/ Amino acid and Nucleic Acid Human | Human | SEQ.ID.
e species | Sequences in the vicinity of the | fetal Adult | NO.
unique splice junction brain brain
AS02 | Human/ | AACCAGICTGAAATCACAG NO.129
GGCAAGGGAGCTG
Protcin/ | FANAGMNQLKSQGKGA SEQ.ID.
Human / NO.130
Al- DNA/ | CTGGGAGACAGCAAGACCA | 1,415 397 SEQ.ID.
AS03 | Human/ | TTCCCGITATTTGAGAACAC NO.131
AGTGGCTACGGT
Protein/ | LGDSKTIPVFENTVAT SEQ.ID.
Human / NO.132
Al- DNA/ | CATTTGGACTCCAGTGGTA SEQ.ID.
AS04 | Human / | GCTATG|AAAACAGAGTTTA NO.133
CAGTGAAGAATG
Protein/ | IWTPVVAMKTEFTVKN SEQ.ID.
Human / NO.134
Al- DNA/ | TCAGGTCTGGCTGTTTATTG SEQ.ID.
AS06 | Human/ | ATGAG|GCACCTGCGGAACT NO.135
CGAGTCATGCA
Protein/ | MRHLRNSSHA SEQ.ID.
Human / NO.136
Al- DNA/ | GCCGGCCTGACAACACAGG SEQ.ID.
AS07 | Human/ | GCGTGG|GGAGATGCATTTC NO.137
CTGAGCTGAAGA
Protein/ | N/A
Human /
Table 6
C-terminal AARS polypeptides identified by Bioinformatics
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID.
species / NO.
Residues
AlaRS1 | Protein/ | MIEAAKAVYTQDCPLAAAKAIQGLRAVFDE | SEQ.ID.
“ Human/ | TYPDPVRVVSIGVPVSELLDDPSGPAGSLTSV | NO.138
659-968 | EFCGGTHLRNSSHAGAFVIVTEEATAKGIRRI
VAVTGAEAQKALRKAESLKKCLSVMEAKV
KAQTAPNKDVQREIADLGEALATAVIPQWQ
KDELRETLKSLKKVMDDLDRASKADVQKR
VLEKTKQFIDSNPNQPLVILEMESGASAKAL
NEALKLFKMHSPQTSAMLFTVDNEAGKITCL
CQVPQNAANRGLKASEWVQQVSGLMDGKG
GGKDVSAQATGKNVGCLQEALQLATSFAQL
RLGDVKN
AlaRS1 | DNA/ ATGATTGAGGCAGCCAAGGCCGTCTATAC | SEQ.ID.
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C-terminal AARS polypeptides identified by Bioinformatics

Table 6

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

Ca

Human /

CCAGGATTGCCCCCTGGCAGCAGCGAAAG
CCATCCAGGGCCTACGGGCTGTGTTTGATG
AGACCTATCCTGACCCTGTGCGAGTCGTCT
CCATTGGGGTCCCGGTGTCCGAGTTGCTGG
ATGACCCCTCTGGGCCTGCTGGCTCCCTGA
CTTCTGTTGAGTTCTGTGGGGGAACGCACC
TGCGGAACTCGAGTCATGCAGGAGCTTTTG
TGATCGTGACGGAAGAAGCCATTGCCAAG
GGTATCCGGAGGATTGTGGCTGTCACAGG
TGCCGAGGCCCAGAAGGCCCTCAGGAAAG
CAGAGAGCTTGAAGAAATGTCTCTCTGTCA
TGGAAGCCAAAGTGAAGGCTCAGACTGCT
CCAAACAAGGATGTGCAGAGGGAGATCGC
TGACCTTGGAGAGGCCCTGGCCACTGCAG
TCATCCCCCAGTGGCAGAAGGATGAATTG
CGGGAGACTCTCAAATCCCTAAAGAAGGT
CATGGATGACTTGGACCGAGCCAGCAAAG
CCGATGTCCAGAAACGAGTGTTAGAGAAG
ACGAAGCAGTTCATCGACAGCAACCCCAA
CCAGCCTCTTGTCATCCTGGAGATGGAGAG
CGGCGCCTCAGCCAAGGCCCTGAATGAAG
CCTTGAAGCTCTTCAAGATGCACTCCCCTC
AGACTTCTGCCATGCTCTTCACGGTGGACA
ATGAGGCTGGCAAGATCACGTGCCTGTGT
CAAGTTCCCCAGAATGCAGCCAATCGGGG
CTTAAAAGCCAGCGAGTGGGTGCAGCAGG
TGTCAGGCTTGATGGACGGTAAAGGTGGT
GGCAAGGATGTGTCTGCACAGGCCACAGG
CAAGAACGTTGGCTGCCTGCAGGAGGCGC
TGCAGCTGGCCACTTCCTTCGCCCAGCTGC
GCCTCGGGGATGTAAAGAACTGA

NO.139

AlaRS1
s

Protein /
Human /
691-968

PDPVRVVSIGVPVSELLDDPSGPAGSLTSVEF
CGGTHLRNSSHAGAFVIVTEEAIAKGIRRIVA
VTGAEAQKALRKAESLKKCLSVMEAKVKA
QTAPNKDVQREIADLGEALATAVIPQWQKD
ELRETLKSLKKVMDDLDRASKADVQKRVLE
KTKQFIDSNPNQPLVILEMESGASAKALNEA
LKLFKMHSPQTSAMLFTVDNEAGKITCLCQ
VPQNAANRGLKASEWVQQVSGLMDGKGGG
KDVSAQATGKNVGCLQEALQLATSFAQLRL
GDVKN

SEQ.ID.
NO.140

AlaRS1
s

DNA/
Human /

CCTGACCCTGTGCGAGTCGTCTCCATTGGG
GTCCCGGTGTCCGAGTTGCTGGATGACCCC
TCTGGGCCTGCTGGCTCCCTGACTTCTGTT

SEQ.ID.
NO.141
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C-terminal AARS polypeptides identified by Bioinformatics

Table 6

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

GAGTTCTGTGGGGGAACGCACCTGCGGAA
CTCGAGTCATGCAGGAGCTTTTGTGATCGT
GACGGAAGAAGCCATTGCCAAGGGTATCC
GGAGGATTGTGGCTGTCACAGGTGCCGAG
GCCCAGAAGGCCCTCAGGAAAGCAGAGAG
CTTGAAGAAATGTCTCTCTGTCATGGAAGC
CAAAGTGAAGGCTCAGACTGCTCCAAACA
AGGATGTGCAGAGGGAGATCGCTGACCTT
GGAGAGGCCCTGGCCACTGCAGTCATCCC
CCAGTGGCAGAAGGATGAATTGCGGGAGA
CTCTCAAATCCCTAAAGAAGGTCATGGAT
GACTTGGACCGAGCCAGCAAAGCCGATGT
CCAGAAACGAGTGTTAGAGAAGACGAAGC
AGTTCATCGACAGCAACCCCAACCAGCCT
CTTGTCATCCTGGAGATGGAGAGCGGCGC
CTCAGCCAAGGCCCTGAATGAAGCCTTGA
AGCTCTTCAAGATGCACTCCCCTCAGACTT
CTGCCATGCTCTTCACGGTGGACAATGAGG
CTGGCAAGATCACGTGCCTGTGTCAAGTTC
CCCAGAATGCAGCCAATCGGGGCTTAAAA
GCCAGCGAGTGGGTGCAGCAGGTGTCAGG
CTTGATGGACGGTAAAGGTGGTGGCAAGG
ATGTGTCTGCACAGGCCACAGGCAAGAAC
GTTGGCTGCCTGCAGGAGGCGCTGCAGCT
GGCCACTTCCTTCGCCCAGCTGCGCCTCGG
GGATGTAAAGAACTGA

AlaRS1
6

Protein /
Human /
747-968

KGIRRIVAVTGAEAQKALRKAESLKKCLSV
MEAKVKAQTAPNKDVQREIADLGEALATAV
IPQWQKDELRETLKSLKKVMDDLDRASKAD
VQKRVLEKTKQFIDSNPNQPLVILEMESGAS
AKALNEALKLFKMHSPQTSAMLFTVDNEAG
KITCLCQVPQNAANRGLKASEWVQQVSGLM
DGKGGGKDVSAQATGKNVGCLQEALQLAT
SFAQLRLGDVKN

SEQ.ID.
NO.142

AlaRS1
C6

DNA /
Human /

AAGGGTATCCGGAGGATTGTGGCTGTCAC
AGGTGCCGAGGCCCAGAAGGCCCTCAGGA
AAGCAGAGAGCTTGAAGAAATGTCTCTCT
GTCATGGAAGCCAAAGTGAAGGCTCAGAC
TGCTCCAAACAAGGATGTGCAGAGGGAGA
TCGCTGACCTTGGAGAGGCCCTGGCCACTG
CAGTCATCCCCCAGTGGCAGAAGGATGAA
TTGCGGGAGACTCTCAAATCCCTAAAGAA
GGTCATGGATGACTTGGACCGAGCCAGCA
AAGCCGATGTCCAGAAACGAGTGTTAGAG

SEQ.ID.
NO.143
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C-terminal AARS polypeptides identified by Bioinformatics

Table 6

Name

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

AAGACGAAGCAGTTCATCGACAGCAACCC
CAACCAGCCTCTTGTCATCCTGGAGATGGA
GAGCGGCGCCTCAGCCAAGGCCCTGAATG
AAGCCTTGAAGCTCTTCAAGATGCACTCCC
CTCAGACTTCTGCCATGCTCTTCACGGTGG
ACAATGAGGCTGGCAAGATCACGTGCCTG
TGTCAAGTTCCCCAGAATGCAGCCAATCG
GGGCTTAAAAGCCAGCGAGTGGGTGCAGC
AGGTGTCAGGCTTGATGGACGGTAAAGGT
GGTGGCAAGGATGTGTCTGCACAGGCCAC
AGGCAAGAACGTTGGCTGCCTGCAGGAGG
CGCTGCAGCTGGCCACTTCCTTCGCCCAGC
TGCGCCTCGGGGATGTAAAGAACTGA

AlaRS]
7

Protein /
Human /
856-968

PLVILEMESGASAKALNEALKLFKMHSPQTS
AMLFTVDNEAGKITCLCQVPQNAANRGLKA
SEWVQQVSGLMDGKGGGKDVSAQATGKN
VGCLQEALQLATSFAQLRLGDVKN

SEQ.ID.
NO.144

AlaRS1
7

DNA/
Human /

CCTCTTGTCATCCTGGAGATGGAGAGCGGC
GCCTCAGCCAAGGCCCTGAATGAAGCCTT
GAAGCTCTTCAAGATGCACTCCCCTCAGAC
TTCTGCCATGCTCTTCACGGTGGACAATGA
GGCTGGCAAGATCACGTGCCTGTGTCAAG
TTCCCCAGAATGCAGCCAATCGGGGCTTA
AAAGCCAGCGAGTGGGTGCAGCAGGTGTC
AGGCTTGATGGACGGTAAAGGTGGTGGCA
AGGATGTGTCTGCACAGGCCACAGGCAAG
AACGTTGGCTGCCTGCAGGAGGCGCTGCA
GCTGGCCACTTCCTTCGCCCAGCTGCGCCT
CGGGGATGTAAAGAACTGA

SEQ.ID.
NO.145

Internal AARS Polypeptides: (Tables 7,8 & 9)

Table 7A
AARS polypeptides identified by MS

Nam

Type /
species /
Residues

Amino acid and Nucleic Acid Sequences

SEQ.ID.
NO.

Table 7B

Mass spec peptides detected and inferred linking peptides

Type/
species

Sequence

SEQ.ID.
NO.
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Table 7C
Concatenated sequences based on mass spec peptides detected
Type/ | Sequence SEQ.ID.
species NO.
Table 8
AARS polypeptides and alternative transcripts identified by Deep Sequencing
Nam | Type/ Amino acid and Nucleic Acid Sequences SEQ.ID.
e species / NO.
Residues
Table 8B
AARS polypeptides unique splice junctions
Nam | Type/ | Amino acid and Nucleic Acid Sequences in the SEQ.ID.
e species | vicinity of the unique splice junction NO.
Table 9
AARS polypeptides identified by Bioinformatics
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID.
species NO.
/Residue
s
AlaRS1" | Protein/ | RGLEVIDDSPKYNYHLDSSGSYVFENTVATVMALRR | SEQ.ID.
1 Human / EKMFVEEVSTGQECGVVLDKTCFYAEQGGQIYDEGY NO.177
476-749 LVKVDDSSEDKTEFTVKNAQVRGGY VLHIGTIYGDLK
VGDQVWLFIDEPRRRPIMSNHTATHILNFALRSVLGEA
DQKGSLVAPDRLRFDFTAKGAMSTQQIKKAEEIANEM
IEAAKAVYTQDCPLAAAKAIQGLRAVFDETYPDPVRV
VSIGVPVSELLDDPSGPAGSLTSVEFCGGTHLRNSSHA
GAFVIVTEEATAKGI
AlaRS1' | DNA/ CGGGGTCTGGAGGTCACAGATGATTCCCC | SEQ.ID.
! Human/ | AAAGTACAATTACCATTTGGACTCCAGTGG | NO.178
TAGCTATGTATTTGAGAACACAGTGGCTAC
GGTGATGGCTCTGCGCAGGGAGAAGATGT
TCGTGGAAGAGGTGTCCACAGGCCAGGAG
TGTGGAGTGGTGCTGGACAAGACCTGTTTC
TATGCTGAGCAAGGAGGCCAGATCTATGA
CGAAGGCTACCTGGTGAAGGTGGATGACA
GCAGTGAAGATAAAACAGAGTTTACAGTG
AAGAATGCTCAGGTCCGAGGAGGGTATGT
GCTACACATTGGAACCATCTACGGTGACCT
GAAAGTGGGGGATCAGGTCTGGCTGTTTA
TTGATGAGCCCCGACGAAGACCCATCATG
AGCAACCACACAGCTACGCACATTCTGAA
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Table 9
AARS polypeptides identified by Bioinformatics
Name Type / Amino acid and Nucleic Acid Sequences SEQ.ID.
species NO.

/Residue
S

CTTCGCCCTGCGCTCAGTGCTTGGGGAAGC
TGACCAGAAAGGCTCATTGGTTGCTCCTGA
CCGCCTCAGATTTGACTTTACTGCCAAGGG
AGCCATGTCCACCCAACAGATCAAGAAGG
CTGAAGAGATTGCTAATGAGATGATTGAG
GCAGCCAAGGCCGTCTATACCCAGGATTG
CCCCCTGGCAGCAGCGAAAGCCATCCAGG
GCCTACGGGCTGTGTTTGATGAGACCTATC
CTGACCCTGTGCGAGTCGTCTCCATTGGGG
TCCCGGTGTCCGAGTTGCTGGATGACCCCT
CTGGGCCTGCTGGCTCCCTGACTTCTGTTG
AGTTCTGTGGGGGAACGCACCTGCGGAAC
TCGAGTCATGCAGGAGCTTTTGTGATCGTG
ACGGAAGAAGCCATTGCCAAGGGTATC

[00117] “Protein fragments,” or the amino acid sequence of protein fragments, such
as proteolytic fragments or splice variant fragments, can be characterized, identified, or
derived according to a variety of techniques. For instance, splice variants can be
identified by techniques such as deep sequencing (see, e.g., Xing et al., RNA. 14:1470-
1479, 2008; and Zhang et al., Genome Research. 17:503-509, 2007). As a further
example, protein fragments such as proteolytic fragments can be identified in vitro,
such as by incubating full-length or other AARS polypeptides with selected proteases,
or they can be identified endogenously (e.g., in vivo). In certain embodiments, protein
fragments such as endogenous proteolytic fragments can be generated or identified, for
instance, by recombinantly expressing full-length or other AARS polypeptides in a
sclected microorganism or cukaryotic cell that has been either modified to contain one
or more selected proteases, or that naturally contains one or more proteases that are
capable of acting on a selected AARS polypeptide, and isolating and characterizing the
endogenously produced protein fragments therefrom.

[00118] In certain embodiments, protein fragments such as endogenous (e.g.,
naturally-occurring) proteolytic fragments can be generated or identified, for instance,
from various cellular fractions (e.g., cytosolic, membrane, nuclear) and/or growth
medium of various cell-types, including, for example, immune cells such as monocytes,
dendritic cells, macrophages (e.g., RAW 264.7 macrophages), neutrophils, eosinophils,
basophils, and lymphocytes, such as B-cells and T-cells (e.g., CD4+ helper and CD8+
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killer cells), including primary T-cells and T-cell lines such as Jurkat T-cells, as well as
natural killer (NK) cells.

[00119] In certain embodiments, protein fragments such as endogenous proteolytic
fragments, however generated, can be identified by techniques such as mass-
spectrometry, or equivalent techniques. Once an in vitro or endogenously identified
protein fragment has been generated or identified, it can be mapped or sequenced, and,
for example, cloned into an expression vector for recombinant production, or produced
synthetically.

[00120] A wide varicty of protcases can be used to produce, identify, derive, or
characterize the sequence of AARS protein fragments such as proteolytic fragments.
Generally, proteases are usually classified according to three major criteria: (i) the
reaction catalyzed, (i) the chemical nature of the catalytic site, and (iii) the
evolutionary relationship, as revealed by the structure. General examples of proteases
or protcinascs, as classificd by mechanism of catalysis, include aspartic protecascs,
serine proteases, cysteine proteases, and metalloproteases.

[00121] Most aspartic proteases belong to the pepsin family. This family includes
digestive enzymes, such as pepsin and chymosin, as well as lysosomal cathepsins D and
processing enzymes such as renin, and certain fungal proteases (e.g., penicillopepsin,
rhizopuspepsin, endothiapepsin). A second family of aspartic proteases includes viral
proteinases such as the protease from the AIDS virus (HIV), also called retropepsin.

[00122] Serine proteases include two distinct families. First, the chymotrypsin
family, which includes the mammalian enzymes such as chymotrypsin, trypsin,
clastase, and kallikrein, and second, the substilisin family, which includes the bacterial
cnzymes such as subtilisin. The gencral 3D structurc between these two familics is
different, but they have the same active site geometry, and catalysis proceeds via the
same mechanism. The serine proteases exhibit different substrate specificities,
differences which relate mainly to amino acid substitutions in the various enzyme
subsites (substrate residue interacting sites). Some serine proteases have an extended
interaction site with the substrate whereas others have a specificity that is restricted to
the P1 substrate residue.

[00123] The cysteine protease family includes the plant proteases such as papain,
actinidin, and bromelain, several mammalian lysosomal cathepsins, the cytosolic
calpains (calcium-activated), as well as several parasitic proteases (e.g., Trypanosoma,
Schistosoma). Papain is the archetype and the best studied member of the family.
Recent elucidation of the X-ray structure of the Interleukin-1-beta Converting Enzyme
has revealed a novel type of fold for cysteine proteinases.
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[00124] The metalloproteases are one of the older classes of proteases, found in
bacteria, fungi, and higher organisms. They differ widely in their sequences and their
3D structures, but the great majority of enzymes contain a zinc atom that is catalytically
active. In some cascs, zinc may be replaced by another metal such as cobalt or nickel
without loss of proteolytic activity. Bacterial thermolysin has been well characterized
and its crystallographic structure indicates that zinc is bound by two histidines and one
glutamic acid. Many metalloproteases contain the sequence motif HEXXH, which
provides two histidine ligands for the zinc. The third ligand is either a glutamic acid
(thermolysin, neprilysin, alanyl aminopeptidase) or a histidine (astacin, scrralysin).

[00125] Illustrative  proteases include, for example, achromopeptidase,
aminopeptidase, ancrod, angiotensin converting enzyme, bromelain, calpain, calpain I,
calpain 1II, carboxypeptidase A, carboxypeptidase B, carboxypeptidase G,
carboxypeptidase P, carboxypeptidase W, carboxypeptidase Y, caspase 1, caspase 2,
caspase 3, caspase 4, caspasc 5, caspasc 6, caspasc 7, caspasc 8, caspase 9, caspase 10,
caspase 11, caspase 12, caspase 13, cathepsin B, cathepsin C, cathepsin D, cathepsin E,
cathepsin G, cathepsin H, cathepsin L, chymopapain , chymase, chymotrypsin,
clostripain, collagenase, complement Clr, complement Cls, complement Factor D,
complement factor I, cucumisin, dipeptidyl peptidase IV, elastase (leukocyte), elastase
(pancreatic), endoprotcinase Arg-C, endoproteinase Asp-N, endoproteinase Glu-C,
endoproteinase Lys-C, enterokinase, factor Xa, ficin, furin, granzyme A, granzyme B,
HIV Protease, [Gase, kallikrein tissue, leucine aminopeptidase (general), leucine
aminopeptidase  (cytosol), leucine  aminopeptidase  (microsomal),  matrix
metalloprotease, methionine aminopeptidase, neutrase, papain, pepsin, plasmin,
prolidase, pronase E, prostate specific antigen, protcasc alkalophilic from Streptomyces
griseus, protease from Aspergillus, protease from Aspergillus saitoi, protease from
Aspergillus sojae, protease (B. licheniformis) (alkaline or alcalase), protease from
Bacillus polymyxa, protease from Bacillus sp, protease from Rhizopus sp., protease S,
proteasomes, proteinase from Aspergillus oryzae, proteinase 3, proteinase A, proteinase
K, protein C, pyroglutamate aminopeptidase, rennin, rennin, streptokinase, subtilisin,
thermolysin, thrombin, tissue plasminogen activator, trypsin, tryptase and urokinase.

[00126] Certain embodiments relate to isolated AARS polypeptides, comprising,
consisting essentially of, or consisting of amino acid sequences that have been derived
from endogenous, naturally-occurring AARS polypeptide fragments, and
pharmaceutical compositions comprising said fragments, and methods of use thereof.
These and related embodiments can be generated or identified in vivo, ex vivo, and/or in
vitro. In certain preferred in vitro embodiments, AARS proteolytic fragments are
generated or identified by incubating an AARS polypeptide, such as a full-length

69



WO 2011/139853 PCT/US2011/034387

AARS polypeptide, with one or more isolated human proteases, mainly those proteases
that are endogenous or natural to humans, such as clastase and others described herein
and known in the art. Other embodiments relate to isolated AARS polypeptides,
comprising, consisting essentially of, or consisting of amino acid sequences that have
been derived from endogenous, naturally-occurring AARS splice variants, and
pharmaceutical compositions comprising said fragments, and methods of use thereof.
Essentially, AARS protein fragment can be isolated from samples that have been
exposed to proteases, whether in vivo or in vitro.

[00127] In certain embodiments, AARS protein fragments can be identified by
techniques such as mass-spectrometry, or equivalent techniques. Merely by way of
illustration and not limitation, in certain embodiments the proteomes from various cell
types, tissues, or body fluids from a variety of physiological states (e.g., hypoxia, diet,
age, disease) or fractions thereof may be separated by 1D SDS-PAGE and the gel lanes
cut into bands at fixed intervals; after which the bands may be optionally digested with
an appropriate protease, such as trypsin, to release the peptides, which may then be
analyzed by 1D reverse phase LC-MS/MS. The resulting proteomic data may be
integrated into so-called peptographs, which plot, in the left panel, sequence coverage
for a given protein in the horizontal dimension (N to C terminus, left to right) versus
SDS-PAGE migration in the vertical dimension (high to low molccular weight, top to
bottom). The specific peptide fragments can then be sequenced or mapped. In certain
embodiments, the AARS reference fragment may be characterized by its unique
molecular weight, as compared, for example, to the molecular weight of the
corresponding full-length AARS.

[00128] As noted above, embodiments of the present invention include the AARS
polypeptides set forth in Table(s) 1-3, or Table(s) 4-6, or Table(s) 7-9. Also included
are “variants” of the AARS reference polypeptides. The recitation polypeptide
“variant” refers to polypeptides that are distinguished from a reference AARS
polypeptide by the addition, deletion, and/or substitution of at least one amino acid
residue, and which typically retain (e.g., mimic) or modulate (e.g., antagonize) one or
more non-canonical activities of a reference AARS polypeptide.

[00129] Moreover human Alanyl tRNA synthetases include several hundred highly
related polymorphic forms, and these are known in the art to be at least partially
functionally interchangeable. It would thus be a routine matter to select a naturally
occurring variant of Alanyl tRNA synthetase, including, for example the single
nucleotide polymorphic forms listed in Table A to create an AARS polypeptide

containing one or more amino acid changes based on the sequence of any of the
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homologues, orthologs, and naturally-occurring isoforms of human as well as other

species of Alanyl tRNA synthetase.

Table A

Human Alanyl tRNA synthetase SNPs
Gene Bank | Nucleotide change Gene Bank | Nucleotide change
Accession Accession
Number Number
rs118124510 | A/G rs11385686 | -/T
rs118089442 | C/G rs11379998 | -/A
rs118024420 | G/T rs10536509 | -/CT
rs118023366 | A/G rs$9931779 CT
rs117953939 | A/C r$9922969 | A/G
15117946875 | C/G r$9673840 G/T
rs117874802 | C/T 138063749 C/T
rs117857165 [ A/G rs8062865 A/G
rs117758610 | C/T rs8062097 C/T
rs117724995 | C/T rs8060812 | A/G
rs117721378 | A/G 58057463 A/T
rs117690614 | C/T rs8056196 | A/C
rs117626545 | A/T rs8056048 A/G
rs117598688 | A/G 158054995 G/T
rs117478137 | A/C 188046786 C/T
rs117391661 [ A/G rs8046662 | A/G
rs117349252 | C/T rs8045571 A/G
rs117345088 | A/C 157205918 C/T
rs117312086 | A/C rs7202056 | A/C
rs117253324 | C/T rs7198871 A/G
rs117204433 | C/T 57193598 C/T
rs117174836 | A/C rs7192000 C/T
rs117108016 | C/T r$7190921 C/G
rs117057627 | C/T rs7186104 C/T
rs117030089 | A/G rs7186024 | A/G
15116941916 | G/T rs7185665 A/C
rs116861081 | C/T rs7184495 C/T
rs116764273 | G/T 156499309 | A/G
rs116762869 | G/T rs4985408 A/C
rs116712553 [ A/G 154985407 | A/G
rs116553521 | G/T 184081753 A/C/G
rs116544164 | A/G 152070203 C/T
rs116399415 | C/T rs1183292 | A/G
15116369869 | A/G rs1179964 | A/G
rs116309532 | C/G rs1179963 A/G
15116297318 | A/G rs1179962 C/T
rs115882953 | G/T rs1143506 | A/G
rs115433323 | C/T rs34538071 | A/G
rs115307561 | C/G rs34511567 | -/C
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Table A

Human Alanyl tRNA synthetase SNPs
Gene Bank | Nucleotide change Gene Bank | Nucleotide change
Accession Accession
Number Number
rs115160127 | G/T rs34472677 | C/T
rs115134263 | C/G rs34369477 | -/A
rs114823713 | C/T rs34363830 | -/G
rs114598544 | A/C rs34306553 | C/G
rs114595840 | A/T rs34299014 | -/A
rs114572751 | C/T rs34296479 | -/G
rs114525231 [ A/T rs34268796 | -/A
rs114484755 | A/G rs34129241 | -/T
rs114349195 | A/G rs34087264 | A/G
rs114327666 | A/G rs28579865 | A/G
15114266345 | A/G rs28515500 | A/G
rs114248390 | C/T rs16970361 | C/G
rs114213309 | A/C rs16970307 | C/T
rs114121156 | A/G rs16970302 | G/T
rs114103198 | C/G rs13338059 | A/G
rs114025877 | A/C rs13332867 | A/G
rs113960057 | A/C rs13332726 | C/G
rs113902056 | G/T rs12924911 | A/C
rs113824201 | A/G rs12598140 | A/C
rs113812226 | A/G rs12445696 | C/T
rs113737430 | C/T rs12445694 | C/T
rs113726987 | A/G rs12149776 | A/G
rs113691826 | A/G 1512149660 | A/G
rs113645277 | A/G rs12149282 | C/T
rs113610820 | A/G rs12149011 | A/G
rs113518696 | G/T rs11862188 | C/T
rs113516046 | C/T rs11862150 | C/T
rs113473235 | A/T rs11862053 | G/T
rs113447635 | A/C rs11648189 | A/G
rs113436178 | C/T rs11643367 | A/G
rs113435697 | C/T rs11537667 | A/G
rs113403017 | C/G rs11537665 | C/T
rs113366691 | A/G rs11537664 | C/T
rs113339156 | A/G rs11537663 | A/T
rs113285988 | A/G rs11432931 | -/T
rs113279975 | A/G rs11432930 | -/C
rs113242213 | A/G rs11418378 | -/G
rs113207374 | C/T rs57438636 | -/A/AA
rs113142906 | -/T rs57281906 | C/G
rs113041194 | -/CTGGGC rs57241744 | C/T
rs113030826 | A/G rs56833219 | C/T
rs112984536 | C/T rs56734965 | -/A
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Table A
Human Alanyl tRNA synthetase SNPs
Gene Bank | Nucleotide change Gene Bank | Nucleotide change
Accession Accession
Number Number
rs112790341 | C/G rs56394253 | -
rs112778140 | -/G rs56389123 /T
rs112717253 | C/T rs56115411 | A/C
rs112620320 | A/T r$55936739 | C/T
rs112579905 | A/G rs55819743 | A/G
rs112509050 | C/T rs55805938 | C/T
rs112411203 | A/G rs55790133 | A/C
rs112393101 | C/T rs55683684 | C/T
rs112303399 | A/G rs55657328 | A/C
rs112174725 | A/T rs55649889 | -/AA
rs112146705 | C/T rs36046810 | -/A
rs112129984 | G/T rs36016919 | -/T
rs112061695 | C/T rs36016621 | -/C
rs112055531 | A/G rs35986765 | G/T
rs112053092 | C/T rs35769308 | C/G
rs112043250 | A/G rs35744709 | A/T
rs]111980438 | C/T rs35734224 | -/A
rs111942451 | A/G rs35687595 | -/G
rs111938682 | C/G rs35628195 | -/TT
rs111906601 | A/G rs35564585 | -/A
rs111864362 | A/G rs35442003 | -/T
rs111848470 | C/T rs35421372 | -/A
rs111783220 | G/T rs35286903 | -/G
rs111776118 | -/A rs35259849 | -/T
rs111756183 | A/G rs35168298 | -/A
rs111719142 | G/T rs35133764 | G/T
rs111698902 | A/G rs35093895 | -/T
rs111695190 | C/T rs35052297 | -/G
rs111624368 | C/T rs34979457 | -/G
rs111620465 | A/G rs34927148 | -/A
rs111602240 | G/T rs34846578 | -/CT
rs111598897 | A/G rs34829782 | -/C
rs111583584 | A/G rs34656219 | -/G
rs111567777 | G/T rs34642380 | -/AA
rs111539662 | -/A rs71151180 | -/TTTTTTTTTTTTTT
rs111461416 | C/T rs71151179 | -/A
rs111435738 | A/G rs67463183 | -/A
rs111426337 | A/T rs67413523 | -/TG/TGTGTGTGTG
rs111421609 | A/G rs67270571 | (LARGEDELETION)/-
rs111412304 | A/T rs67219164 | -
/GCTGGATTTTCTGATGG
rs111338842 | A/G rs67112563 | -/AG

73



WO 2011/139853

PCT/US2011/034387

Table A
Human Alanyl tRNA synthetase SNPs
Gene Bank | Nucleotide change Gene Bank | Nucleotide change
Accession Accession
Number Number
rs111333360 | C/T 566627085 | A/C
rs111315764 | A/G rs66625764 | -/CA
rs80257731 | C/G 1562049422 | A/C
rs80256286 | A/G rs62049421 | A/T
rs80228853 [ A/C 1562049420 | A/C
rs80222640 | A/G r$62049419 /T
rs80200401 | A/C 1562049418 | A/T
rs80166718 | A/G rs61594809 | C/T
rs80140241 | G/T rs61172065 | C/T
rs80062047 | C/G rs60903849 | A/G
1579944605 | G/T rs60853195 | A/G
rs79879166 | C/T rs60567469 | A/G
rs79809458 | A/G rs60502803 | -/TTTTTT
rs79785372 | A/G rs60445375 | -/CTGGGC
rs79355112 | - rs60426209 | C/T
/AGAAAAAAAAAA
AAAAAAAAAAA
rs79296187 | C/T rs60103946 | A/G
1579277862 | A/C rs59869320 | C/T
rs79100623 | A/T rs59612351 | A/G
rs111906601 | A/G rs59384897 | G/T
rs111864362 | A/G rs59002209 | -/AA
rs111848470 | C/T rs58575154 | A/G
rs111783220 | G/T rs58467558 | C/G
rs111776118 | -/A rs58131227 | A/G
rs111756183 | A/G rs57976512 | -/A
rs111719142 | G/T rs57940453 | A/G
rs111698902 | A/G rs57936835 | -/CACACACA
rs111695190 | C/T rs57607171 | C/T
rs111624368 | C/T rs57444625 | -/A
rs111620465 | A/G rs1049384 | C/T
rs111602240 | G/T rs775208 C/T
rs111598897 | A/G rs775205 G/T
rs111583584 | A/G rs775204 C/T
rsl1 11567777 | G/T rs74570457 | A/C
rs111539662 | -/A rs74508832 | C/T
rs111461416 | C/T rs74446936 | A/G
rs111435738 | A/G rs74218028 | A/G
rs111426337 | A/T rs74024189 | A/G
rs111421609 | A/G rs74024188 | A/C
rs111412304 | A/T rs74024187 | C/T
rs111338842 | A/G rs74024186 | C/T
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Table A
Human Alanyl tRNA synthetase SNPs
Gene Bank | Nucleotide change Gene Bank | Nucleotide change
Accession Accession
Number Number
rs111333360 | C/T rs74024185 | C/T
rs111315764 | A/G rs74024184 | A/G
rs80257731 C/G rs74024183 | C/T
rs80256286 | A/G rs74024182 | A/G
rs80228853 A/C rs74024180 | C/T
rs80222640 | A/G rs73575193 | C/T
rs80200401 A/C rs73575188 | C/T
rs80166718 | A/G rs72790626 | C/G
rs80140241 G/T rs72790624 | G/T
rs80062047 C/G rs72427279 | -/G
1$79944605 G/T 1872289034 | -
/GCCCATCAGAAAATCC
A
rs79879166 C/T rs72275659 | -
TAAAAAAAAAAAAAAAA
AA
rs79809458 | A/G rs72253030 | -/TTTTTT
rs79785372 | A/G 1872251314 | -/CACACACA
rs79355112 - rs72185281 | -/T
/AGAAAAAAAAAA
AAAAAAAAAAA
1$79296187 C/T rs72183811 | -/ACACACAC
1s79277862 | A/C rs72172097 | -/ACACACAC
1s79100623 A/T rs72095566 | -/T
1s79053418 | A/G rs71943340 | -/ACACACAC
1579022911 C/T rs71935559 | -/A
rs79010592 G/T rs71928705 | -/AC
rs78893985 A/G rs71912498 | -/TT
1s78862566 | A/G rs71847937 | -/AA
rs78835148 | A/G rs71455236 | C/T
rs78771134 | A/T rs71455235 | C/G
rs78570051 A/C rs71385652 | CA/TG
1s78523270 | A/G rs71385651 | -/AA
rs78479085 C/T rs71227275
rs78344434 | A/G rs71151181 | -/T
1s78325403 A/C rs775203 A/G
rs78298397 | A/C rs775202 C/T
1s78271061 A/C rs775201 C/T
1578093603 A/C 18775200 C/T
1577982431 A/C rs775199 A/G
1577814513 A/G rs775198 A/G
rs77790607 C/T rs775197 C/G
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Table A
Human Alanyl tRNA synthetase SNPs
Gene Bank | Nucleotide change Gene Bank | Nucleotide change
Accession Accession
Number Number

rs77753666 | G/T

rs77749002 | G/T

1877543430 | G/T

1s77279473 C/T

1877154298 | A/C

rs77145843 | A/G

rs76884167 | A/G

1s76856995 A/T

rs76775711 | C/T

rs76596965 | G/T

1576446904 | C/G

rs76379088 | A/G

rs76305777 A/C

rs76247508 | G/T

rs76088863 | C/G

rs75989036 | C/G

1575949713 | A/G

rs75942139 | A/C

rs75881159 | A/C

1$75655605 C/G

1875604742 | A/C

rs75500409 | A/C

1575414419 | A/G

rs75209821 | A/G

rs75117375 | A/G

rs75106906 | A/C

rs75055059 | A/C

rs75033663 | G/T

rs75029357 | C/G

rs74845494 | C/T

1874835675 | C/T

rs74817799 | C/T

rs74733646 | A/T

rs74732192 | A/G

[00130] In certain embodiments, a polypeptide variant is distinguished from a
reference polypeptide by one or more substitutions, which may be conservative or non-
conservative, as described herein and known in the art. In certain embodiments, the
polypeptide variant comprises conservative substitutions and, in this regard, it is well
understood in the art that some amino acids may be changed to others with broadly

similar properties without changing the nature of the activity of the polypeptide.

76



WO 2011/139853 PCT/US2011/034387

[00131] In certain embodiments, a variant polypeptide includes an amino acid
sequence having at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or more sequence identity or similarity to
a corresponding sequence of an AARS reference polypeptide, as described herein, and
substantially retains the non-canonical activity of that reference polypeptide. Also
included are sequences differing from the reference AARS sequences by the addition,
deletion, or substitution of 1, 2,3, 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, 110, 120, 130, 140, 150 or more amino acids but
which rctain the propertics of the reference AARS polypeptide.  In  certain
embodiments, the amino acid additions or deletions occur at the C-terminal end and/or
the N-terminal end of the AARS reference polypeptide. In certain embodiments, the
amino acid additions include 1, 2,3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 30, 40, 50 or more wild-type residues (i.e., from the corresponding full-length
AARS polypeptide) that arc proximal to the C-terminal end and/or the N-terminal end
of the AARS reference polypeptide.

[00132] In certain embodiments, variant polypeptides differ from the corresponding
AARS reference sequences by at least 1% but less than 20%, 15%, 10% or 5% of the
residues. (If this comparison requires alignment, the sequences should be aligned for
maximum similarity. “Looped” out sequences from delctions or insertions, or
mismatches, are considered differences.) The differences are, suitably, differences or
changes at a non-ecssential residue or a conservative substitution. In certain
embodiments, the molecular weight of a variant AARS polypeptide differs from that of
the AARS reference polypeptide by about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, or more.

[00133] Also included are biologically active “fragments™ of the AARS reference
polypeptides, i.e., biologically active fragments of the AARS protein fragments.
Representative biologically active fragments generally participate in an interaction, e.g.,
an intramolecular or an inter-molecular interaction. An inter-molecular interaction can
be a specific binding interaction or an enzymatic interaction. An inter-molecular
interaction can be between an AARS polypeptide and a cellular binding partner, such as
a cellular receptor or other host molecule that participates in the non-canonical activity
of the AARS polypeptide. In some embodiments, AARS proteins, variants, and
biologically active fragments thereof, bind to one or more cellular binding partners with
an affinity of at least about 0.01, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 40, or 50 nM. The binding affinity of an AARS protein fragment for a selected

cellular binding partner, particularly a binding partner that participates in a non-
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canonical activity, is typically stronger than that of the AARS protein fragment’s
corresponding full-length AARS polypeptide, by at least about 1.5x, 2x, 2.5x, 3%, 3.5x,
4%, 4.5%, 5x, 6%, 7x, 8%, 9x, 10x, 15x, 20x, 25x, 30x, 40x, 50x, 60x, 70x, 80x, 90x,
100x, 200x, 300x, 400x, 500%, 600x, 700x, 800x, 900x, 1000x or more (including all
integers in between). The binding affinity of an AARS protein fragment for a binding
partner that participates in at least one canonical activity of an AARS is typically
weaker than that of the AARS protein fragment’s corresponding full-length AARS
polypeptide, by at least about 1.5x, 2x, 2.5%, 3x, 3.5x, 4%, 4.5%, 5x, 6%, 7x, 8x, 9%, 10x,
15x, 20x, 25x, 30x, 40x, 50x, 60x, 70x, 80x, 90x, 100x, 200x, 300x, 400x, 500x, 600x,
700x, 800x, 900x, 1000x or more.

[00134] Typically, biologically active fragments comprise a domain or motif with at
least one activity of an AARS reference polypeptide and may include one or more (and
in some cases all) of the various active domains, and include fragments having a non-
canonical activity. In some cases, biologically active fragments of an AARS
polypeptide have a biological activity that is unique to the particular, truncated
fragment, such that the full-length AARS polypeptide may not have that activity. In
certain cases, the biological activity may be revealed by separating the biologically
active AARS polypeptide fragment from the other full-length AARS polypeptide
sequences, or by altering certain residues of the full-length AARS wild-type
polypeptide sequence to unmask the biologically active domains.

[00135] A biologically active fragment of an AARS reference polypeptide can be a
polypeptide fragment which is, for example, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 240, 260, 280, 300, 320,
340, 360, 380, 400, 450, 500, 550, 600, 650, 700, 750 or more contiguous or non-
contiguous amino acids, including all integers (e.g., 101, 102, 103) and ranges (e.g., 50-
100, 50-150, 50-200) in between, of the amino acid sequences set forth in any one of
the AARS reference polypeptides described herein, but typically exclude the full-length
AARS. In certain embodiments, a biologically active fragment comprises a non-
canonical activity-related sequence, domain, or motif. In certain embodiments, the C-
terminal or N-terminal region of any AARS reference polypeptide may be truncated by
about 1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110,
120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 550, 600,
650, or 700 or more amino acids, or by about 10-50, 20-50, 50-100, 100-150, 150-200,
200-250, 250-300, 300-350, 350-400, 400-450, 450-500, 500-550, 550-600, 600-650,
650-700 or more amino acids, including all integers and ranges in between (e.g., 101,
102, 103, 104, 105), so long as the truncated AARS polypeptide retains the non-
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canonical activity of the reference polypeptide. Typically, the biologically-active
fragment has no less than about 1%, about 5 %, about 10%, about 25%, or about 50%
of an activity of the biologically-active (i.e., non-canonical activity) AARS reference
polypeptide from which it is derived. Exemplary methods for measuring such non-
canonical activities are described in the Examples.

[00136] As noted above, an AARS polypeptide may be altered in various ways
including amino acid substitutions, deletions, truncations, and insertions. Methods for
such manipulations are generally known in the art. For example, amino acid sequence
variants of an AARS reference polypeptide can be preparcd by mutations in the DNA.
Methods for mutagenesis and nucleotide sequence alterations are well known in the art.
See, for example, Kunkel (1985, Proc. Natl. Acad. Sci. USA. 82: 488-492), Kunkel et
al., (1987, Methods in Enzymol, 154: 367-382), U.S. Pat. No. 4,873,192, Watson, J. D.
et al., (“Molecular Biology of the Gene”, Fourth Edition, Benjamin/Cummings, Menlo
Park, Calif., 1987) and thc rcferences cited therein. Guidance as to appropriatc amino
acid substitutions that do not affect biological activity of the protein of interest may be
found in the model of Dayhoff ez al., (1978) Atlas of Protein Sequence and Structure
(Natl. Biomed. Res. Found., Washington, D.C.).

[00137] Similarly it is within the skill in the art to address and / or mitigate
immunogenicity concerns if they arise using an AARS polypeptide, ¢.g., by the usc of
automated computer recognition programs to identify potential T cell epitopes, and
directed evolution approaches to identify less immunogenic forms.

[00138] Methods for screening gene products of combinatorial libraries made by
point mutations or truncation, and for screening ¢cDNA libraries for gene products
having a sclected property arc known in the art. Such mcthods arc adaptable for rapid
screening of the gene libraries generated by combinatorial mutagenesis of AARS
polypeptides. Recursive ensemble mutagenesis (REM), a technique which enhances the
frequency of functional mutants in the libraries, can be used in combination with the
screening assays to identify AARS polypeptide variants (Arkin and Yourvan (1992)
Proc. Natl. Acad. Sci. USA 89: 7811-7815; Delgrave et al., (1993) Protein Engineering,
6: 327-331). Conservative substitutions, such as exchanging one amino acid with
another having similar properties, may be desirable as discussed in more detail below.

[00139] Biologically active truncated and/or variant AARS polypeptides may contain
conservative amino acid substitutions at various locations along their sequence, as
compared to a reference AARS amino acid residue. Additionally, naturally occurring
variants of AARS proteins have been sequenced, and are known in the art to be at least
partially functionally interchangeable. It would thus be a routine matter to select an

amino acid position to introduce a conservative, or non conservative mutation into an
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AARS polypeptide based on naturally occurring sequence variation among the known
AARS protein homologues, orthologs, and naturally-occurring isoforms of human as
well as other species of an AARS protein.

[00140] A ‘“‘conservative amino acid substitution” is one in which the amino acid
residue is replaced with an amino acid residue having a similar side chain. Families of
amino acid residues having similar side chains have been defined in the art, which can
be generally sub-classified as follows:

[00141] Acidic: The residue has a negative charge duc to loss of H ion at
physiological pH and the residue is attracted by aqucous solution so as to seck the
surface positions in the conformation of a peptide in which it is contained when the
peptide is in aqueous medium at physiological pH. Amino acids having an acidic side
chain include glutamic acid and aspartic acid.

[00142] Basic: The residue has a positive charge due to association with H ion at
physiological pH or within one or two pH units thercof (e.g., histidine) and the residuc
is attracted by aqueous solution so as to seek the surface positions in the conformation
of a peptide in which it is contained when the peptide is in aqueous medium at
physiological pH. Amino acids having a basic side chain include arginine, lysine and
histidine.

[00143] Charged: The residues are charged at physiological pH and, therefore,
include amino acids having acidic or basic side chains (i.e., glutamic acid, aspartic acid,
arginine, lysine and histidine).

[00144] Hydrophobic: The residues are not charged at physiological pH and the
residue is repelled by aqueous solution so as to seek the inner positions in the
conformation of a peptide in which it is containcd when the peptide is in aqucous
medium. Amino acids having a hydrophobic side chain include tyrosine, valine,
isoleucine, leucine, methionine, phenylalanine and tryptophan.

[00145] Neutral/polar: The residues are not charged at physiological pH, but the
residue is not sufficiently repelled by aqueous solutions so that it would seek inner
positions in the conformation of a peptide in which it is contained when the peptide is in
aqueous medium. Amino acids having a neutral/polar side chain include asparagine,
glutamine, cysteine, histidine, serine and threonine.

[00146] This description also characterizes certain amino acids as “small” since their
side chains are not sufficiently large, even if polar groups are lacking, to confer
hydrophobicity. With the exception of proline, “small” amino acids are those with four
carbons or less when at least one polar group is on the side chain and three carbons or
less when not. Amino acids having a small side chain include glycine, serine, alanine

and threonine. The gene-encoded secondary amino acid proline is a special case due to
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its known effects on the secondary conformation of peptide chains. The structure of
proline differs from all the other naturally-occurring amino acids in that its side chain is
bonded to the nitrogen of the a-amino group, as well as the a-carbon. Several amino
acid similarity matrices arc known in the art (see e.g., PAM120 matrix and PAM250
matrix as disclosed for example by Dayhoff et al., 1978, A model of evolutionary
change in proteins). Matrices for determining distance relationships In M. O. Dayhoff,
(ed.), Atlas of protein sequence and structure, Vol. 5, pp. 345-358, National Biomedical
Research Foundation, Washington DC; and by Gonnet er al., (Science, 256: 14430-
1445, 1992), however, include proline in the same group as glycine, serine, alanince and
threonine. Accordingly, for the purposes of the present invention, proline is classified
as a “small” amino acid.

[00147] The degree of attraction or repulsion required for classification as polar or
nonpolar is arbitrary and, therefore, amino acids specifically contemplated by the
invention have been classificd as onc or the other. Most amino acids not specifically
named can be classified on the basis of known behavior.

[00148] Amino acid residues can be further sub-classified as cyclic or non-cyclic,
and aromatic or non-aromatic, sclf-explanatory classifications with respect to the side-
chain substituent groups of the residues, and as small or large. The residue is
considercd small if it contains a total of four carbon atoms or lcss, inclusive of the
carboxyl carbon, provided an additional polar substituent is present; three or less if not.
Small residues are, of course, always non-aromatic. Dependent on their structural
properties, amino acid residues may fall in two or more classes. For the naturally-
occurring protein amino acids, sub-classification according to this scheme is presented
in Table B.

Table B: Amino acid sub-classification

Sub-classes Amino acids

Acidic Aspartic acid, Glutamic acid

Basic Noncyclic: Arginine, Lysine; Cyclic: Histidine

Charged Aspartic acid, Glutamic acid, Arginine, Lysine, Histidine

Small Glycine, Serine, Alanine, Threonine, Proline

Polar/neutral Asparagine, Histidine, Glutamine, Cysteine, Serine, Threonine

Polar/large Asparagine, Glutamine

Hydrophobic Tyrosine,  Valine, Isoleucine, Leucine, Methionine,
Phenylalanine, Tryptophan

Aromatic Tryptophan, Tyrosine, Phenylalanine

Residues that influence | Glycine and Proline
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Sub-classes Amino acids

chain orientation

[00149] Conservative amino acid substitution also includes groupings based on side
chains. For example, a group of amino acids having aliphatic side chains is glycine,
alanine, valine, leucine, and isoleucine; a group of amino acids having aliphatic-
hydroxyl side chains is serine and threonine; a group of amino acids having amide-
containing side chains is asparagine and glutamine; a group of amino acids having
aromatic side chains is phenylalanine, tyrosine, and tryptophan; a group of amino acids
having basic side chains is lysine, arginine, and histidine; and a group of amino acids
having sulphur-containing side chains is cysteine and methionine. For example, it is
reasonable to expect that replacement of a leucine with an isoleucine or valine, an
aspartate with a glutamate, a threonine with a serine, or a similar replacement of an
amino acid with a structurally related amino acid will not have a major effect on the
properties of the resulting variant polypeptide. Whether an amino acid change results in
a functional truncated and/or variant AARS polypeptide can readily be determined by
assaying its non-canonical activity, as described herein. Conservative substitutions are
shown in Table C under the heading of exemplary substitutions. Amino acid
substitutions falling within the scope of the invention, are, in general, accomplished by
selecting substitutions that do not differ significantly in their effect on maintaining (a)
the structure of the peptide backbone in the area of the substitution, (b) the charge or
hydrophobicity of the molecule at the target site, (c) the bulk of the side chain, or (d)
the biological function. After the substitutions are introduced, the variants are screened
for biological activity.

Table C: Exemplary Amino Acid Substitutions

Original Residue Exemplary Substitutions Preferred Substitutions
Ala Val, Leu, Ile Val
Arg Lys, Gln, Asn Lys
Asn Gin, His, Lys, Arg Gln
Asp Glu Glu
Cys Ser Ser
Gln Asn, His, Lys, Asn
Glu Asp, Lys Asp
Gly Pro Pro
His Asn, Gln, Lys, Arg Arg
Ile Leu, Val, Met, Ala, Phe, Norleu Leu
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Original Residue Exemplary Substitutions Preferred Substitutions
Leu Norleu, Ile, Val, Met, Ala, Phe Ile
Lys Arg, Gln, Asn Arg
Met Leu, Ile, Phe Leu
Phe Leu, Val, lle, Ala Leu
Pro Gly Gly
Ser Thr Thr
Thr Ser Ser
Trp Tyr Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val Ile, Leu, Met, Phe, Ala, Norleu Leu

[00150] Alternatively, similar amino acids for making conservative substitutions can
be grouped into three categories based on the identity of the side chains. The first
group includes glutamic acid, aspartic acid, arginine, lysine, histidine, which all have
charged side chains; the second group includes glycine, serine, threonine, cysteine,
tyrosine, glutamine, asparagine; and the third group includes leucine, isoleucine, valine,
alanine, proline, phenylalanine, tryptophan, methionine, as described in Zubay, G.,
Biochemistry, third edition, Wm.C. Brown Publishers (1993).

[00151] Thus, a predicted non-essential amino acid residue in a truncated and/or
variant AARS polypeptide is typically replaced with another amino acid residue from
the same side chain family. Alternatively, mutations can be introduced randomly along
all or part of an AARS coding sequence, such as by saturation mutagenesis, and the
resultant mutants can be screened for an activity of the parent polypeptide to identify
mutants which retain that activity. Following mutagenesis of the coding sequences, the
encoded peptide can be expressed recombinantly and the activity of the peptide can be
determined. A “non-essential” amino acid residue is a residue that can be altered from
the reference sequence of an embodiment polypeptide without abolishing or
substantially altering one or more of its activities. Suitably, the alteration does not
substantially abolish one of these activities, for example, the activity is at least 20%,
40%, 60%, 70% or 80% 100%, 500%, 1000% or more of the reference AARS
sequence. An “essential” amino acid residue is a residuc that, when altered from the
reference sequence of an AARS polypeptide, results in abolition of an activity of the
parent molecule such that less than 20% of the reference activity is present. For
example, such essential amino acid residues include those that are conserved in AARS
polypeptides across different species, including those sequences that are conserved in
the active binding site(s) or motif(s) of AARS polypeptides from various sources.
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[00152] In general, polypeptides and fusion polypeptides (as well as their encoding
polynucleotides) are isolated. An “isolated” polypeptide or polynucleotide is one that is
removed from its original environment. For example, a naturally-occurring protein is
isolated if it is separated from some or all of the coexisting matcrials in the natural
system. Preferably, such polypeptides are at least about 90% pure, more preferably at
least about 95% pure and most preferably at least about 99% pure. A polynucleotide is
considered to be isolated if, for example, it is cloned into a vector that is not a part of
the natural environment.

[00153] Certain embodiments also cncompass dimers of AARS polypeptides.
Dimers may include, for example, homodimers between two identical AARS
polypeptides, heterodimers between two different AARS polypeptides (e.g., a full-
length YRS polypeptide and a truncated YRS polypeptide; a truncated YRS polypeptide
and a truncated WRS polypeptide), and/or heterodimers between an AARS polypeptide
and a heterologous polypeptide. Certain heterodimers, such as those between an AARS
polypeptide and a heterologous polypeptide, may be bi-functional, as described herein.

[00154] Also included are monomers of AARS polypeptides, including isolated
AARS polypeptides monomers that do not substantially dimerize with a second AARS
polypeptide, whether due to one or more substitutions, truncations, deletions, additions,
chemical modifications, or a combination of thesc alterations. In certain embodiments,
monomeric AARS polypeptides possess biological activities, including non-canonical
activities, which are not possessed by dimeric or multimeric AARS polypeptide
complexes.

[00155] Certain embodiments of the present invention also contemplate the use of
modified AARS polypeptides, including modifications that improved the desired
characteristics of an AARS polypeptide, as described herein. Modifications of AARS
polypeptides of the invention include chemical and/or enzymatic derivatizations at one
or more constituent amino acid, including side chain modifications, backbone
modifications, and N- and C-terminal modifications including acetylation,
hydroxylation, methylation, amidation, and the attachment of carbohydrate or lipid
moieties, cofactors, and the like.  Exemplary modifications also include pegylation of
an AARS polypeptide (see, e.g., Veronese and Harris, Advanced Drug Delivery
Reviews 54: 453-456, 2002; and Pasut et al., Expert Opinion. Ther. Patents 14(6) 859-
894 2004, both herein incorporated by reference).

[00156] PEG is a well-known polymer having the properties of solubility in water
and in many organic solvents, lack of toxicity, and lack of immunogenicity. It is also
clear, colorless, odorless, and chemically stable. For these reasons and others, PEG has

been selected as the preferred polymer for attachment, but it has been employed solely
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for purposes of illustration and not limitation. Similar products may be obtained with
other water-soluble polymers, including without limitation; polyvinyl alcohol, other
poly(alkylene oxides) such as poly(propylene glycol) and the like, poly(oxyethylated
polyols) such as poly(oxyecthylated glycerol) and the like, carboxymethylcellulose,
dextran, polyvinyl alcohol, polyvinyl purrolidone, poly-1,3- dioxolane, poly-1,3,6-
trioxane, ethylene/maleic anhydride, and polyaminoacids. One skilled in the art will be
able to select the desired polymer based on the desired dosage, circulation time,
resistance to proteolysis, and other considerations.

[00157] In particular a widc varicty of PEG derivatives arc both available and
suitable for use in the preparation of PEG-conjugates. For example, NOF Corp.'s PEG
reagents sold under the trademark SUNBRIGHT® Series provides numerous PEG
derivatives, including methoxypolyethylene glycols and activated PEG derivatives such
as methoxy-PEG amines, maleimides, N-hydroxysuccinimide esters, and carboxylic
acids, for coupling by various mcthods to the N-tcrminal, C-tecrminal or any intcrnal
amino acid of the AARS polypeptide. Nektar Therapeutics' Advanced PEGylation
technology also offers diverse PEG-coupling technologies to potentially improve the
safety and efficacy of an AARS polypeptide based therapeutic.

[00158] A search of patents, published patent applications, and related publications
will also provide those skilled in the art reading this disclosure with significant possible
PEG-coupling technologies and PEG-derivatives. For example, US Pat. Nos. 6,436,386,
5,932,462; 5,900,461, 5,824,784; and 4,904,584; the contents of which are incorporated
by reference in their entirety, describe such technologies and derivatives, and methods
for their manufacture.

[00159] In certain aspects, chemosclective ligation technology may be utilized to
modify AARS polypeptides of the invention, such as by attaching polymers in a site-
specific and controlled manner. Such technology typically relies on the incorporation
of chemoselective anchors into the protein backbone by either chemical or recombinant
means, and subsequent modification with a polymer carrying a complementary linker.
As a result, the assembly process and the covalent structure of the resulting protein—
polymer conjugate may be controlled, enabling the rational optimization of drug
properties, such as efficacy and pharmacokinetic properties (see, e.g., Kochendoerfer,
Current Opinion in Chemical Biology 9:555-560, 2005).

[00160] In other embodiments, fusion proteins of AARS polypeptide to other
proteins are also included, and these fusion proteins may increase the AARS
polypeptide’s biological activity, secretion, targeting, biological life, ability to penetrate
cellular membranes, or the blood brain barrier, or pharmacokinetic properties.

Examples of fusion proteins that improve pharmacokinetic properties (“PK modifiers™)
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include without limitation, fusions to human albumin (Osborn ¢t al.: Eur. J. Pharmacol.
456(1-3): 149-158, (2002)), antibody Fc domains, poly Glu or poly Asp sequences, and
transferrin.  Additionally, fusion with conformationally disordered polypeptide
sequences composed of the amino acids Pro, Ala, and Ser ('PASylation') or
hydroxyethyl starch (sold under the trademark HESYLATION®) provides a simple
way to increase the hydrodynamic volume of the AARS polypeptide. This additional
extension adopts a bulky random structure, which significantly increases the size of the
resulting fusion protein. By this means the typically rapid clearance of smaller AARS
polypeptides via kidney filtration is rctarded by several orders of magnitude.
Additionally use of Ig G fusion proteins has also been shown to enable some fusion
protein proteins to penetrate the blood brain barrier (Fu et al., (2010) Brain Res.
1352:208-13).

[00161] Examples of fusion proteins that improve penetration across cellular
membranes include fusions to membrane translocating sequences. In this context, the
term “membrane translocating sequences” refers to naturally occurring and synthetic
amino acid sequences that are capable of membrane translocation across a cellular
membrane. Representative membrane translocating sequences include those based on
the naturally occurring membrane translocating sequences derived from the Tat protein,
and homecotic transcription protecin Antcnnapedia, as well as synthetic membrane
translocating sequences based in whole or part on poly Arginine and Lysine resides.
Representative membrane translocating sequences include for example those disclosed
in the following patents, US5,652,122; US 5,670,617, US5,674,980; US5,747,641;
US5,804,604; US6,316,003; US7,585,834; US7,312,244; US7,279,502; US7,229,961;
US7,169,814; US7,453,011; US7,235,695; US6,982,351; US6,605,115; US7,306,784;
US7,306,783; US6,589,503; US6,348,185; US6,881,825; US7,431,915;
WO0074701A2;  WO2007111993A2;  WO02007106554A2;  WO02069930A1;
WO003049772A2; WO03106491A2; and WO2008063113A1.

[00162] It will be appreciated that a flexible molecular linker (or spacer) optionally
may be interposed between, and covalently join, the AARS polypeptide and any of the
fusion proteins disclosed herein.

[00163] Additionally in some embodiments, the AARS polypeptide can include
synthetic, or naturally occurring secretion signal sequences, derived from other well
characterized secreted proteins. In some embodiments such proteins, may be processed
by proteolytic cleavage to form the AARS polypeptide in situ. Such fusions proteins
include for example fusions of AARS polypeptide to ubiquitin to provide a new N-

terminal amino acid, or the use of a secretion signal to mediate high level secretion of

86



WO 2011/139853 PCT/US2011/034387

the AARS polypeptide into the extracellular medium, or N, or C-terminal epitope tags
to improve purification or detection.

[00164] The AARS polypeptides described herein may be prepared by any suitable
procedure known to those of skill in the art, such as by recombinant tcchniques. In
addition to recombinant production methods, polypeptides of the invention may be
produced by direct peptide synthesis using solid-phase techniques (Merrifield, J. Am.
Chem. Soc. 85:2149-2154 (1963)). Protein synthesis may be performed using manual
techniques or by automation. Automated synthesis may be achieved, for example, using
Applicd Biosystems 431A Peptide Synthesizer (Perkin Elmer). Alternatively, various
fragments may be chemically synthesized separately and combined using chemical

methods to produce the desired molecule.

V. AARS POLYNUCLEOTIDES

[00165] Embodiments of the present invention include polynucleotides that encode
one or more newly identified protein fragments of an aminoacyl-tRNA synthetase
(AARS), in addition to complements, variants, and fragments thereof. In certain
embodiments, an AARS polynucleotide encodes all or a portion of the AARS
polypeptide reference sequence(s) as sct forth in Table(s) 1-3, or Table(s) 4-6, or
Table(s) 7-9, which represent splice variants, proteolytic fragments, or other type of
fragments of Alanyl tRNA synthetase. Certain embodiments include polynucleotides,
encoding polypeptides or proteins that comprise the sequence of one or more splice
Junctions of those splice variants, in addition to complements, variants, and fragments
thereof. In certain embodiments, typically due to the singular nature of a selected
AARS splice variant, which combines cxons in a ncw or cxceptional way, the AARS
polynucleotide references sequences comprise a unique or exceptional splice junction.
Certain embodiments exclude a corresponding full-length AARS polynucleotide.

[00166] Also included within the AARS polynucleotides of the present invention are
primers, probes, antisense oligonucleotides, and RNA interference agents that comprise
all or a portion of these reference polynucleotides, which are complementary to all or a
portion of these reference polynucleotides, or which specifically hybridize to these
reference polynucleotides, as described herein.

[00167] The term “polynucleotide” or “nucleic acid” as used herein designates
mRNA, RNA, cRNA, cDNA or DNA. The term typically refers to polymeric form of
nucleotides of at least 10 bases in length, either ribonucleotides or deoxynucleotides or
a modified form of either type of nucleotide. The term includes single and double
stranded forms of DNA. The terms “DNA” and “polynucleotide” and “nucleic acid”
refer to a DNA molecule that has been isolated free of total genomic DNA of a
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particular species. Therefore, an isolated DNA segment encoding a polypeptide refers
to a DNA segment that contains one or more coding sequences yet is substantially
isolated away from, or purified free from, total genomic DNA of the species from
which thec DNA segment is obtained. Also included arec non-coding polynucleotides
(e.g., primers, probes, oligonucleotides), which do not encode an AARS polypeptide.
Included within the terms “DNA segment” and “polynucleotide” are DNA segments
and smaller fragments of such segments, and also recombinant vectors, including, for
example, plasmids, cosmids, phagemids, phage, viruses, and the like.

[00168] Additional coding or non-coding sequences may, but need not, be present
within a polynucleotide of the present invention, and a polynucleotide may, but need
not, be linked to other molecules and/or support materials. Hence, the polynucleotides
of the present invention, regardless of the length of the coding sequence itself, may be
combined with other DNA sequences, such as promoters, polyadenylation signals,
additional restriction enzyme sites, multiple cloning sites, other coding segments, and
the like, such that their overall length may vary considerably.

[00169] It is therefore contemplated that a polynucleotide fragment of almost any
length may be employed; with the total length preferably being limited by the ease of
preparation and use in the intended recombinant DNA protocol. Included are
polynucleotides of about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 41, 43, 44, 45, 46, 47, 48,
49, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 240,
260, 270, 280, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, 2200, 2300,
2400, 2500, 2600, 2700, 2800, 2900, 3000 or more (including all integers in between)
bases in length, including any portion or fragment (e.g., greater than about 6, 7, 8, 9, or
10 nucleotides in length) of an AARS reference polynucleotide (e.g., base number X-Y,
in which X is about 1-3000 or more and Y is about 10-3000 or more), or its
complement.

[00170] Embodiments of the present invention also include “variants” of the AARS
reference polynucleotide sequences. Polynucleotide “variants” may contain one or
more substitutions, additions, deletions and/or insertions in relation to a reference
polynucleotide. Generally, variants of an AARS reference polynucleotide sequence
may have at least about 30%, 40% 50%, 55%, 60%, 65%, 70%, generally at least about
75%, 80%, 85%, desirably about 90% to 95% or more, and more suitably about 98% or
more sequence identity to that particular nucleotide sequence as determined by
sequence alignment programs described elsewhere herein using default parameters. In

certain embodiments, variants may differ from a reference sequence by about 1, 2, 3, 4,
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5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 41, 43, 44, 45, 46, 47, 48, 49, 50, 60, 70,
80, 90, 100 (including all integers in between) or more bases. In certain embodiments,
such as when the polynucleotide variant encodes an AARS polypeptide having a non-
canonical activity, the desired activity of the encoded AARS polypeptide is not
substantially diminished relative to the unmodified polypeptide. The effect on the
activity of the encoded polypeptide may generally be assessed as described herein.

[00171] Certain embodiments include polynucleotides that hybridize to a reference
AARS polynucleotide scquence, or to their complements, under stringency conditions
described below. As used herein, the term “hybridizes under low stringency, medium
stringency, high stringency, or very high stringency conditions” describes conditions for
hybridization and washing. Guidance for performing hybridization reactions can be
found in Ausubel er al., (1998, supra), Sections 6.3.1-6.3.6. Aqueous and non-aqueous
methods are described in that reference and cither can be used.

[00172] Reference herein to low stringency conditions include and encompass from
at least about 1% v/v to at least about 15% v/v formamide and from at least about 1 M
to at least about 2 M salt for hybridization at 42° C, and at least about 1 M to at least
about 2 M salt for washing at 42° C. Low stringency conditions also may include 1%
Bovine Serum Albumin (BSA), 1 mM EDTA, 0.5 M NaHPO, (pH 7.2), 7% SDS for
hybridization at 65°C, and (i) 2 x SSC, 0.1% SDS; or (i1) 0.5% BSA, 1 mM EDTA,
40 mM NaHPO, (pH 7.2), 5% SDS for washing at room temperature. One embodiment
of low stringency conditions includes hybridization in 6 X sodium chloride/sodium
citrate (SSC) at about 45°C, followed by two washes in 0.2 X SSC, 0.1% SDS at least at
50° C (the temperature of the washes can be increased to 55° C for low stringency
conditions).

[00173] Medium stringency conditions include and encompass from at least about
16% v/v to at least about 30% v/v formamide and from at least about 0.5 M to at least
about 0.9 M salt for hybridization at 42° C, and at least about 0.1 M to at least about 0.2
M salt for washing at 55° C. Medium stringency conditions also may include 1%
Bovine Serum Albumin (BSA), 1 mM EDTA, 0.5 M NaHPO, (pH 7.2), 7% SDS for
hybridization at 65° C, and (1) 2 X SSC, 0.1% SDS; or (ii) 0.5% BSA, 1 mM EDTA, 40
mM NaHPO, (pH 7.2), 5% SDS for washing at 60-65° C. One embodiment of medium
stringency conditions includes hybridizing in 6 X SSC at about 45°C, followed by one
or more washes in 0.2 X SSC, 0.1% SDS at 60°C. High stringency conditions include
and encompass from at least about 31% v/v to at least about 50% v/v formamide and
from about 0.01 M to about 0.15 M salt for hybridization at 42° C, and about 0.01 M to
about 0.02 M salt for washing at 55° C.
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[00174] High stringency conditions also may include 1% BSA, 1 mM EDTA, 0.5 M
NaHPQO, (pH 7.2), 7% SDS for hybridization at 65° C, and (i) 0.2 X SSC, 0.1% SDS; or
(ii) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO,4 (pH 7.2), 1% SDS for washing at a
temperature in ecxcess of 65° C. Onc cmbodiment of high stringency conditions
includes hybridizing in 6 X SSC at about 45°C, followed by one or more