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encoding the human Ependymin protein. Ependymin 
polypeptides are also provided as are vectors, host cells and 
recombinant methods for producing the same. The invention 
further relates to screening methods for identifying agonists 
and antagonists of Ependymin activity. Also provided are 
diagnostic methods for detecting nervous system-related 
disorders and therapeutic methods for treating nervous sys 
tem-related disorders. 

Human Ependymin 
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Protein Analysis of Human Ependymin 
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HUMAN EPENDYMIN 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 10/187,904, ?led Jul. 3, 2002, Which is a divisional 
of US. application Ser. No. 09/229,583, ?led Jan. 13, 1999, 
(now US. Pat. No. 6,489,138, issued Dec. 3, 2002), Which 
claims bene?t under 35 U.S.C. § 119(e) of US. Provisional 
Application No. 60/071,330, ?led on Jan. 14, 1998, and 
60/075,278, ?led on Feb. 19, 1998, each of Which is hereby 
incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a novel human 
gene encoding a polypeptide Which is a member of the 
Ependymin family. More speci?cally, isolated nucleic acid 
molecules are provided encoding a human polypeptide 
named Ependymin. Ependymin polypeptides are also pro 
vided, as are vectors, host cells and recombinant methods for 
producing the same. Also provided are diagnostic methods 
for detecting disorders related to the nervous system, and 
therapeutic methods for treating such disorders. 

[0003] The invention further relates to screening methods 
for identifying agonists and antagonists of Ependymin activ 
ity. 

BACKGROUND OF THE INVENTION 

[0004] Within the last several years, a number of 
ependymins have been molecularly cloned from a variety of 
teleost ?sh including Oncorhynchus mykiss (rainboW trout; 
Muller-Schmid, A., et al., Gene 118:189-196 (1992)), Salmo 
salar (Atlantic salmon; Muller-Schmid, A., et al., Gene 
118:189-196 (1992)), Esox lucius (pike; Muller-Schmid, A., 
et al.,J. Molec. Evol. 36:578-585 (1993)), Carassius auratus 
(gold?sh; Konigstorfer, A., et al.,J. Neurochem. 52:310-312 
(1989); Konigstorfer, A., et al., J. Biol. Chem. 264:13689 
13692 (1989)), Brachya'anio rerio (Zebra?sh; Sterrer, S., et 
al., Neurosci. 37:277-284 (1990)), and Clupea harengus 
(herring, Muller-Schmid, et al., J. Molec. Evol. 36:578-585 
(1993)). The ependymins produced by these organisms are 
synthesiZed as precursors Which contain N-terminal, hydro 
phobic signal sequences. Each of these molecules contains 
multiple N-linked glycosylation sites, only some of Which 
are conserved betWeen species (Schmidt, R. and Shashoua, 
V. E. J. Neurochem. 36:1368-1377 (1981); Schmidt, R. and 
Shashoua, V. E. J. Neurochem. 40:652-660 (1983); Ganb, B. 
and Hoffman, W. Eur. J. Biochem. 217:275-280 (1993)). The 
precursor ependymins range in apparent molecular mass 
from 23.7 to 24.5 kDa, While the secreted mature forms of 
these molecules are typically 21.6-22.3 kDa in siZe. 

[0005] The piscine ependymins characteriZed thus far may 
be categoriZed according to the number of cysteine residues 
present in the mature polypeptide. Mature salmoniform (O. 
mykiss, S. salar, and E. lucius) ependymin polypeptides 
contain only four cysteine residues, Whereas mature cyp 
riniform (C. auratus and B. rerio) and clupeiform (C. 
harengus) ependymin polypeptides contain ?ve and six 
cysteine residues, respectively (Hoffmann, W. Int. J. Bio 
chem. 26:607-619 (1994)). Correspondingly, disul?de 
linked dimeriZation of the salmoniform ependymin polypep 
tides is not observed after non-reducing SDS-PAGE. 
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HoWever, cypriniform and clupeiform ependymins are 
observed as disul?de-linked dimers under non-reducing 
conditions. It is speculated that the dimeriZation occurs via 
the cysteine residue conserved only betWeen the salmoni 
form ependymins (this cysteine residue aligns With the 
lysine residue at location 133 of human ependymin of the 
present invention as shoWn in SEQ ID NO:2). 

[0006] Several lines of evidence have provided the basis 
for an understanding of the functional role(s) of the 
ependymins. Ca2+-binding has been demonstrated for at 
least gold?sh and rainboW trout ependymins (Schmidt, R. 
and Makiola, E. Neuro. Chem. (Life Sci. Adv.) 10:161-171 
(1991); Ganb, B. and Hoffman, supra). Further, ependymins 
are the primary cerebrospinal ?uid component in a number 
of teleost ?sh (Schmidt, R. and Lapp, H. Neurochem. Int. 
10:383-390 1987). Finally, roughly tWo-thirds of Ca2+ in 
the CSF of rainboW trout is protein-bound (Ganb, B. and 
Hoffman, supra). As a result, it is thought that ependymins 
may function in Ca2+ homeostasis of the teleost piscine brain 
(Hoffman, W., supra). 
[0007] In situ hybridiZation analyses have shoWn that 
ependymins are apparently synthesiZed exclusively in min 
ingeal ?broblasts of the mininx (also termed the endomeninx 
of leptomeninx) of teleost ?sh (Konigstorfer, A., et al., Cell 
Tissue Res. 261:59-64 (1990)). Ependymins have also been 
found to associate With collagen ?brils of the extracellular 
matrix (ECM; SchWarZ, H., et al. Cell Tissue Res. 2731417 
425 (1993)), and, further, have the capacity to serve as a 
substrate for outgroWing retinal axons (Schmidt, J. T., et al., 
J. Neurobiol. 22:40-54 (1991)). 

[0008] An additional role for ependymins has been iden 
ti?ed in the ?eld of learning and memory. Using an experi 
mental approach in Which gold?sh learn to sWim to a 
speci?c compartment of its environment to avoid an electric 
shock, investigators have determined that the amount of 
unbound or unincorporated extracellular ependymins 
decreases after learning (Piront, M.-L., and Schmidt, R. 
Brain Res. 442:53-62 (1988); Schmidt, R. J. Neurochem. 
48:1870-1878 (1987)). Further, blockage of functional 
ependymin molecules, either With antibodies or antisense 
polynucleotides, resulted in the reversible inability of the 
experimental animal to remember the task Which it had 
learned. Removal of the inhibitory substance then resulted in 
a reappearance of the learned ability (Schmidt, R. J. supra; 
Shashoua, V. E. and Moore, M. E. Brain Res. 148:441-449 
(1978)). 
[0009] Thus, there is a need for polypeptides that function 
as neurotrophic factors in the regeneration of the optic and 
other nerves and in long-term memory consolidation, since 
disturbances of such regulation may be involved in disorders 
relating to the complex molecular and cellular process 
regulating neuronal and nervous system function. Such 
disorders may include Parkinson’s disease, AlZheimer’s 
disease, amyotrophic lateral sclerosis, pain, stroke, depres 
sion, anxiety, epilepsy, and other neurological and psychi 
atric disorders. Therefore, there is a need for identi?cation 
and characteriZation of such human polypeptides Which can 
play a role in detecting, preventing, ameliorating or correct 
ing such disorders. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides isolated nucleic 
acid molecules comprising a polynucleotide encoding at 
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least a portion of the Ependymin polypeptide having the 
complete amino acid sequence shown in SEQ ID NO:2 or 
the complete amino acid sequence encoded by the cDNA 
clone deposited as plasmid DNA as ATCC Deposit Number 
209464 on Nov. 14, 1997. The nucleotide sequence deter 
mined by sequencing the deposited Ependymin clone, Which 
is shoWn in FIGS. 1A, 1B, and 1C (SEQ ID NO:1), contains 
an open reading frame encoding a complete polypeptide of 
224 amino acid residues, including an initiation codon 
encoding an N-terminal methionine at nucleotide positions 
296-298, and a predicted molecular Weight of about 25.4 
kDa. Nucleic acid molecules of the invention include those 
encoding the complete amino acid sequence excepting the 
N-terminal methionine shoWn in SEQ ID NO:2, or the 
complete amino acid sequence excepting the N-terminal 
methionine encoded by the cDNA clone in ATCC Deposit 
Number 209464, Which molecules also can encode addi 
tional amino acids fused to the N-terminus of the 
Ependymin amino acid sequence. 

[0011] The encoded polypeptide has a predicted leader 
sequence of 37 amino acids underlined in FIGS. 1A, 1B, 
and 1C; and the amino acid sequence of the predicted mature 
Ependymin protein is also shoWn in FIGS. 1A, 1B, and 1C, 
as amino acid residues 38-224 and as residues 1-187 in SEQ 
ID NO:2. 

[0012] Thus, one aspect of the invention provides an 
isolated nucleic acid molecule comprising a polynucleotide 
having a nucleotide sequence selected from the group con 
sisting of: (a) a nucleotide sequence encoding the 
Ependymin polypeptide having the complete amino acid 
sequence in SEQ ID NO:2 (i.e., positions —37 to 187 of SEQ 
ID NO:2); (b) a nucleotide sequence encoding the 
Ependymin polypeptide having the complete amino acid 
sequence in SEQ ID NO:2 excepting the N-terminal 
methionine (i.e., positions —36 to 187 of SEQ ID NO:2); (c) 
a nucleotide sequence encoding the predicted mature 
Ependymin polypeptide having the amino acid sequence at 
positions 1 to 187 in SEQ ID NO:2; (d) a nucleotide 
sequence encoding the Ependymin polypeptide having the 
complete amino acid sequence encoded by the cDNA clone 
contained in ATCC Deposit No. 209464; (e) a nucleotide 
sequence encoding the Ependymin polypeptide having the 
complete amino acid sequence excepting the N-terminal 
methionine encoded by the cDNA clone contained in AT CC 
Deposit No. 209464; a nucleotide sequence encoding the 
mature Ependymin polypeptide having the amino acid 
sequence encoded by the cDNA clone contained in AT CC 
Deposit No. 209464; and (g) a nucleotide sequence comple 
mentary to any of the nucleotide sequences in (a), (b), (c), 
(d), (e) or (f), above. 

[0013] Further embodiments of the invention include iso 
lated nucleic acid molecules that comprise a polynucleotide 
having a nucleotide sequence at least 90% identical, and 
more preferably at least 95%, 96%, 97%, 98% or 99% 
identical, to any of the nucleotide sequences in (a), (b), (c), 
(d), (e), or (g), above, or a polynucleotide Which hybrid 
iZes under stringent hybridiZation conditions to a polynucle 
otide in (a), (b), (c), (d), (e), or (g), above. This poly 
nucleotide Which hybridiZes does not hybridiZe under 
stringent hybridiZation conditions to a polynucleotide hav 
ing a nucleotide sequence consisting of only A residues or of 
only T residues. 
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[0014] An additional nucleic acid embodiment of the 
invention relates to an isolated nucleic acid molecule com 
prising a polynucleotide Which encodes the amino acid 
sequence of an epitope-bearing portion of a Ependymin 
polypeptide having an amino acid sequence in (a), (b), (c), 
(d), (e) or (f), above. A further nucleic acid embodiment of 
the invention relates to an isolated nucleic acid molecule 
comprising a polynucleotide Which encodes the amino acid 
sequence of a Ependymin polypeptide having an amino acid 
sequence Which contains at least one conservative amino 
acid substitution, but not more than 50 conservative amino 
acid substitutions, even more preferably, not more than 40 
conservative amino acid substitutions, still more preferably, 
not more than 30 conservative amino acid substitutions, and 
still even more preferably, not more than 20 conservative 
amino acid substitutions. Of course, in order of ever-increas 
ing preference, it is highly preferable for a polynucleotide 
Which encodes the amino acid sequence of a Ependymin 
polypeptide to have an amino acid sequence Which contains 
not more than 10, 9, 8, 7, 6, 5, 4, 3, 2 or 1 conservative amino 
acid substitutions. 

[0015] The present invention also relates to recombinant 
vectors, Which include the isolated nucleic acid molecules of 
the present invention, and to host cells containing the 
recombinant vectors, as Well as to methods of making such 
vectors and host cells and for using them for production of 
Ependymin polypeptides or peptides by recombinant tech 
niques. 

[0016] The invention further provides an isolated 
Ependymin polypeptide comprising an amino acid sequence 
selected from the group consisting of: (a) the amino acid 
sequence of the full-length Ependymin polypeptide having 
the complete amino acid sequence shoWn in SEQ ID NO:2 
(i.e., positions —37 to 187 of SEQ ID NO:2); (b) the amino 
acid sequence of the full-length Ependymin polypeptide 
having the complete amino acid sequence shoWn in SEQ ID 
NO:2 excepting the N-terminal methionine (i.e., positions 
—36 to 187 of SEQ ID NO:2); (c) the amino acid sequence 
of the predicted mature Ependymin polypeptide having the 
amino acid sequence at positions 1 to 187 in SEQ ID NO:2; 
(d) the complete amino acid sequence encoded by the cDNA 
clone contained in the ATCC Deposit No. 209464; (e) the 
complete amino acid sequence excepting the N-terminal 
methionine encoded by the cDNA clone contained in the 
ATCC Deposit No. 209464; and the complete amino acid 
sequence of the predicted mature Ependymin polypeptide 
encoded by the cDNA clone contained in the ATCC Deposit 
No. 209464. The polypeptides of the present invention also 
include polypeptides having an amino acid sequence at least 
80% identical, more preferably at least 90% identical, and 
still more preferably 95%, 96%, 97%, 98% or 99% identical 
to those described in (a), (b), (c), (d), (e) or (f), above, as 
Well as polypeptides having an amino acid sequence With at 
least 90% similarity, and more preferably at least 95% 
similarity, to those above. 

[0017] An additional embodiment of this aspect of the 
invention relates to a peptide or polypeptide Which com 
prises the amino acid sequence of an epitope-bearing portion 
of a Ependymin polypeptide having an amino acid sequence 
described in (a), (b), (c), (d), (e) or (f), above. Peptides or 
polypeptides having the amino acid sequence of an epitope 
bearing portion of a Ependymin polypeptide of the invention 
include portions of such polypeptides With at least six or 
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seven, preferably at least nine, and more preferably at least 
about 30 amino acids to about 50 amino acids, although 
epitope-bearing polypeptides of any length up to and includ 
ing the entire amino acid sequence of a polypeptide of the 
invention described above also are included in the invention. 

[0018] A further embodiment of the invention relates to a 
peptide or polypeptide Which comprises the amino acid 
sequence of a Ependymin polypeptide having an amino acid 
sequence Which contains at least one conservative amino 
acid substitution, but not more than 50 conservative amino 
acid substitutions, even more preferably, not more than 40 
conservative amino acid substitutions, still more preferably, 
not more than 30 conservative amino acid substitutions, and 
still even more preferably, not more than 20 conservative 
amino acid substitutions. Of course, in order of ever-increas 
ing preference, it is highly preferable for a peptide or 
polypeptide to have an amino acid sequence Which com 
prises the amino acid sequence of a Ependymin polypeptide, 
Which contains at least one, but not more than 10, 9, 8, 7, 6, 
5, 4, 3, 2 or 1 conservative amino acid substitutions. 

[0019] In another embodiment, the invention provides an 
isolated antibody that binds speci?cally to a Ependymin 
polypeptide having an amino acid sequence described in (a), 
(b), (c), (d), (e) or above. The invention further provides 
methods for isolating antibodies that bind speci?cally to a 
Ependymin polypeptide having an amino acid sequence as 
described herein. Such antibodies are useful diagnostically 
or therapeutically as described beloW. 

[0020] The invention also provides for pharmaceutical 
compositions comprising Ependymin polypeptides, particu 
larly human Ependymin polypeptides, Which may be 
employed, for instance, to treat Parkinson’s disease, AlZhe 
imer’s disease, amyotrophic lateral sclerosis, pain, stroke, 
depression, anxiety, epilepsy, and other neurological and 
psychiatric disorders. Methods of treating individuals in 
need of Ependymin polypeptides are also provided. 

[0021] The invention further provides compositions com 
prising a Ependymin polynucleotide or an Ependymin 
polypeptide for administration to cells in vitro, to cells ex 
vivo and to cells in vivo, or to a multicellular organism. In 
certain particularly preferred embodiments of this aspect of 
the invention, the compositions comprise a Ependymin 
polynucleotide for expression of a Ependymin polypeptide 
in a host organism for treatment of disease. Particularly 
preferred in this regard is expression in a human patient for 
treatment of a dysfunction associated With aberrant endog 
enous activity of a Ependymin 

[0022] In another aspect, a screening assay for agonists 
and antagonists is provided Which involves determining the 
effect a candidate compound has on Ependymin binding to 
a receptor. In particular, the method involves contacting the 
receptor With a Ependymin polypeptide and a candidate 
compound and determining Whether Ependymin polypep 
tide binding to the receptor is increased or decreased due to 
the presence of the candidate compound. In this assay, an 
increase in binding of Ependymin over the standard binding 
indicates that the candidate compound is an agonist of 
Ependymin binding activity and a decrease in Ependymin 
binding compared to the standard indicates that the com 
pound is an antagonist of Ependymin binding activity. 

[0023] In yet another aspect, the Ependymin may bind to 
a cell surface protein Which also function as a viral receptor 
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or coreceptor. Thus, Ependymin, or agonists or antagonists 
thereof, may be used to regulate viral infectivity at the level 
of viral binding or interaction With the Ependymin receptor 
or coreceptor or during the process of viral internaliZation or 
entry into the cell. 

[0024] It has been discovered that Ependymin is expressed 
not only in primary dendritic cells, but also in the KMH2 cell 
line, placenta, fetal and adult liver, spinal cord, osteoclas 
toma, cerebellum, synovial ?broblasts, 12 Week old early 
stage human embryo, adrenal gland tumor, Whole brain, 
Hodgkin’s Lymphoma tissue, macrophages, HEL cell line, 
and chondrosarcoma. Therefore, nucleic acids of the inven 
tion are useful as hybridiZation probes for differential iden 
ti?cation of the tissue(s) or cell type(s) present in a biologi 
cal sample. Similarly, polypeptides and antibodies directed 
to those polypeptides are useful to provide immunological 
probes for differential identi?cation of the tissue(s) or cell 
type(s). In addition, for a number of disorders of the above 
tissues or cells, particularly of the nervous system, signi? 
cantly higher or loWer levels of Ependymin gene expression 
may be detected in certain tissues (e.g., cancerous and 
Wounded tissues) or bodily ?uids (e. g., serum, plasma, urine, 
synovial ?uid or spinal ?uid) taken from an individual 
having such a disorder, relative to a “standard” Ependymin 
gene expression level, i.e., the Ependymin expression level 
in healthy tissue from an individual not having the nervous 
system disorder. Thus, the invention provides a diagnostic 
method useful during diagnosis of such a disorder, Which 
involves: (a) assaying Ependymin gene expression level in 
cells or body ?uid of an individual; (b) comparing the 
Ependymin gene expression level With a standard 
Ependymin gene expression level, Whereby an increase or 
decrease in the assayed Ependymin gene expression level 
compared to the standard expression level is indicative of 
disorder in the nervous system. 

[0025] An additional aspect of the invention is related to 
a method for treating an individual in need of an increased 
level of Ependymin activity in the body comprising admin 
istering to such an individual a composition comprising a 
therapeutically effective amount of an isolated Ependymin 
polypeptide of the invention or an agonist thereof. 

[0026] A still further aspect of the invention is related to 
a method for treating an individual in need of a decreased 
level of Ependymin activity in the body comprising, admin 
istering to such an individual a composition comprising a 
therapeutically effective amount of an Ependymin antago 
nist. Preferred antagonists for use in the present invention 
are Ependymin-speci?c antibodies. 

BRIEF DESCRIPTION OF THE FIGURES 

[0027] FIGS. 1A, 1B, and 1C shoW the nucleotide 
sequence (SEQ ID NO:1) and deduced amino acid sequence 
(SEQ ID NO:2) of Ependymin. The predicted leader 
sequence of about 37 amino acids is underlined. Note that 
the methionine residue at the beginning of the leader 
sequence in FIGS. 1A, 1B, and 1C is shoWn in position 
number (positive) 1, Whereas the leader positions in the 
corresponding sequence of SEQ ID NO:2 are designated 
With negative position numbers. Thus, the leader sequence 
positions 1 to 37 in FIGS. 1A, 1B, and 1C correspond to 
positions —37 to —1 in SEQ ID NO:2. 

[0028] TWo potential asparagine-linked glycosylation sites 
are marked in the amino acid sequence of Ependymin. The 
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sites are asparagine-130 and asparagine-182 in FIGS. 1A, 
1B, and 1C (asparagine-93 and asparagine-145 in SEQ ID 
N012), and are labeled With the bold pound symbol (#) 
above the nucleotide sequence coupled With a bolded one 
letter abbreviation for the asparagine (N) in the amino acid 
sequence in FIGS. 1A, 1B, and 1C; that is, the actual 
asparagine residues Which are potentially glycosylated is 
bolded in FIGS. 1A, 1B, and 1C. 

[0029] Apolyadenylation signal sequence is present in the 
3‘ untranslated region of the nucleotide sequence of 
Ependymin of the present invention. The polyadenylation 
signal sequence is delineated by a double underline in the 
Ependymin sequence shoWn in FIGS. 1A, 1B, and 1C. 

[0030] Regions of high identity betWeen Human 
Ependymin of the present invention and several previously 
identi?ed piscine ependymins (an alignment of these 
sequences is presented in FIG. 2) are delineated in FIGS. 
1A, 1B, and 1C With a double underline. These regions are 
not limiting and are labeled as Conserved Domain (CD)-II, 
CD-III, CD-IV, CD-V, CD-VI, CD-VII, CD-IX, and CD-X 
in FIGS. 1A, 1B, and 1C. 

[0031] FIG. 2 shoWs the regions of identity betWeen the 
amino acid sequences of the Ependymin protein and trans 
lation product of the Zebra?sh mRNA for Ependymin (SEQ 
ID N016), determined by the computer program Best?t 
(Wisconsin Sequence Analysis Package, Version 8 for Unix, 
Genetics Computer Group, University Research Park, 575 
Science Drive, Madison, Wis. 53711) using the default 
parameters. 

[0032] FIGS. 3A and 3B are a multiple sequence align 
ment illustrating a comparison of the amino acid sequences 
of the novel human ependymin of the present invention 
(SEQ ID N012) and ?ve previously described ependymin 
like molecules. Conserved residues are highlighted in black. 
The ependymin homologues shoWn in the ?gure are gold?sh 
ependymin II (SEQ ID N013; GenBank Accession No. 
104986), rainboW trout ependymin II (SEQ ID N014; Gen 
Bank Accession No. M93698), common carp ependymin 
(SEQ ID N015; GenBank Accession No. U00432), Zebra?sh 
ependymin (SEQ ID N016; GenBank Accession No. 
X52502), and Atlantic herring ependymin (SEQ ID N017; 
GenBank Accession No. L09065). 

[0033] FIG. 4 shoWs an analysis of the Ependymin amino 
acid sequence. Alpha, beta, turn and coil regions; hydrophi 
licity and hydrophobicity; amphipathic regions; ?exible 
regions; antigenic index and surface probability are shoWn. 
In the “Antigenic Index or Jameson-Wolf” graph, the posi 
tive peaks indicate locations of the highly antigenic regions 
of the Ependymin protein, i.e., regions from Which epitope 
bearing peptides of the invention can be obtained. 

[0034] The data presented in FIG. 4 are also represented 
in tabular form in Table I. The columns are labeled With the 
headings “Res”, “Position”, and Roman Numerals I-XIV. 
The column headings refer to the folloWing features of the 
amino acid sequence presented in FIG. 4 and Table I: “Res”: 
amino acid residue of FIGS. 1A, 1B, and 1C (Which is the 
identical sequence shoWn in SEQ ID N012, With the excep 
tion that the residues are numbered 1-224 in FIGS. 1A, 1B, 
and 1C and —37 through 187 in SEQ ID N012); “Position”: 
position of the corresponding residue Within FIGS. 1A, 1B, 
and 1C (Which is the identical sequence shoWn in SEQ ID 
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N012, With the exception that the residues are numbered 
1-224 in FIGS. 1A, 1B, and 1C and —37 through 187 in SEQ 
ID N012); I: Alpha, Regions—Garnier-Robson; II: Alpha, 
Regions—Chou-Fasman; III: Beta, Regions —Garnier-Rob 
son; IV: Beta, Regions—Chou-Fasman; V1 Turn, Regions— 
Garnier-Robson; VI: Turn, Regions—Chou-Fasman; VII: 
Coil, Regions—Garnier-Robson; VIII: Hydrophilicity 
Plot—Kyte-Doolittle; IX: Hydrophobicity Plot—Hopp 
Woods; X1 Alpha, Amphipathic Regions—Eisenberg; XI: 
Beta, Amphipathic Regions—Eisenberg; XII: Flexible 
Regions—Karplus-SchulZ; XIII: Antigenic Index—Jame 
son-Wolf; and XIV: Surface Probability Plot—Emini. 

DETAILED DESCRIPTION 

[0035] The present invention provides isolated nucleic 
acid molecules comprising a polynucleotide encoding a 
Ependymin polypeptide having the amino acid sequence 
shoWn in SEQ ID N012, Which Was determined by sequenc 
ing a cloned cDNA. The nucleotide sequence shoWn in 
FIGS. 1A, 1B, and 1C (SEQ ID N011) Was obtained by 
sequencing the HDPIE88 clone, Which Was deposited on 
Nov. 14, 1997 at the American Type Culture Collection, 
10801 University Boulevard, Manassas, Va. 20110-2209, 
and given accession number AT CC 209464. The deposited 
clone is contained in the pBluescript SK(—) plasmid (Strat 
agene, La Jolla, Calif.). 

[0036] The Ependymin protein of the present invention 
shares sequence homology With the translation products of 
ependymins from a number of teleost ?sh including the 
Zebra?sh mRNA for ependymin (FIG. 2; SEQ ID N016). 
Zebra?sh ependymin, and other ependymins, are thought to 
be involved in the regulation of extracellular Ca 2-binding. 
In fact, as the predominant cerebrospinal ?uid constituents 
in many teleost ?sh, ependymins are believed to be antiad 
hesive extracellular matrix glycoproteins Which function in 
the processes of cell contact and regeneration. 

Nucleic Acid Molecules 

[0037] Unless otherWise indicated, all nucleotide 
sequences determined by sequencing a DNA molecule 
herein Were determined using an automated DNA sequencer 
(such as the Model 373 from Applied Biosystems, Inc., 
Foster City, Calif.), and all amino acid sequences of 
polypeptides encoded by DNA molecules determined herein 
Were predicted by translation of a DNA sequence deter 
mined as above. Therefore, as is knoWn in the art for any 
DNA sequence determined by this automated approach, any 
nucleotide sequence determined herein may contain some 
errors. Nucleotide sequences determined by automation are 
typically at least about 90% identical, more typically at least 
about 95% to at least about 99.9% identical to the actual 
nucleotide sequence of the sequenced DNA molecule. The 
actual sequence can be more precisely determined by other 
approaches including manual DNA sequencing methods 
Well knoWn in the art. As is also knoWn in the art, a single 
insertion or deletion in a determined nucleotide sequence 
compared to the actual sequence Will cause a frame shift in 
translation of the nucleotide sequence such that the predicted 
amino acid sequence encoded by a determined nucleotide 
sequence Will be completely different from the amino acid 
sequence actually encoded by the sequenced DNA molecule, 
beginning at the point of such an insertion or deletion. 

[0038] By “nucleotide sequence” of a nucleic acid mol 
ecule or polynucleotide is intended, for a DNA molecule or 
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polynucleotide, a sequence of deoXyribonucleotides, and for 
an RNA molecule or polynucleotide, the corresponding 
sequence of ribonucleotides (A, G, C and U), Where each 
thymidine deoXyribonucleotide (T) in the speci?ed deoXyri 
bonucleotide sequence is replaced by the ribonucleotide 
uridine 

[0039] Using the information provided herein, such as the 
nucleotide sequence in FIGS. 1A, 1B, and 1C (SEQ ID 
NO:1), a nucleic acid molecule of the present invention 
encoding a Ependymin polypeptide may be obtained using 
standard cloning and screening procedures, such as those for 
cloning cDNAs using mRNA as starting material. Illustra 
tive of the invention, the nucleic acid molecule described in 
FIGS. 1A, 1B, and 1C (SEQ ID NO:1) Was discovered in a 
cDNA library derived from primary dendritic cells. 

[0040] Additional clones of the same gene Were also 
identi?ed in cDNA libraries from the folloWing tissues: the 
KMH2 cell line, placenta, fetal and adult liver, spinal cord, 
osteoclastoma, cerebellum, synovial ?broblasts, 12 Week old 
early stage human embryo, adrenal gland tumor, Whole 
brain, Hodgkin’s Lymphoma tissue, macrophages, HEL cell 
line, and chondrosarcoma. 

[0041] The determined nucleotide sequence of the 
Ependymin cDNA of FIGS. 1A, 1B, and 1C (SEQ ID NO:1) 
contains an open reading frame encoding a protein of 224 
amino acid residues, With an initiation codon at nucleotide 
positions 296-298 of the nucleotide sequence in FIGS. 1A, 
1B, and 1C (SEQ ID NO:1), and a deduced molecular 
Weight of about 25.4 kDa. The amino acid sequence of the 
Ependymin protein shoWn in SEQ ID NO:2 is about 22.5% 
identical to Zebra?sh mRNA for ependymin (FIG. 2; Ster 
rer, S., et al., Neurosci. 37:277-284 (1990); GenBank Acces 
sion No. X52502). 
[0042] As one of ordinary skill Would appreciate, due to 
the possibilities of sequencing errors discussed above, the 
actual complete Ependymin polypeptide encoded by the 
deposited cDNA, Which comprises about 224 amino acids, 
may be someWhat longer or shorter. It Will further be 
appreciated that, depending on the analytical criteria used 
for identifying various functional domains, the exact 
“address” of the signal peptide and mature regions of the 
Ependymin polypeptide may differ slightly from the pre 
dicted positions above. For example, the eXact location of 
the Ependymin signal peptide in SEQ ID NO:2 may vary 
slightly (e.g., the address may “shift” by about 1 to about 15 
residues, more likely about 1 to about 10 residues, and even 
more likely about 1 to about 5 residues) depending on the 
criteria used to de?ne the domain. In this case, the end of the 
signal peptide and the beginning of the mature Ependymin 
molecule Were predicted using the Human Genome Sci 
ences, Inc. (HGSI) SignalP computer algorithm (Pedersen, 
A. G. and Nielsen, H. ISMB 5 :226-233 (1997)). One of skill 
in the art Will realiZe that another Widely accepted computer 
algorithm used to predict potential sites of polypeptide 
cleavage, PSORT, Will predict the cleavage of an N-terminal 
signal peptide from the Ependymin polypeptide at a point 
slightly different from that predicted by the HGSI SignalP 
algorithm. In any event, as discussed further beloW, the 
invention further provides polypeptides having various resi 
dues deleted from the N-terminus of the complete polypep 
tide, including polypeptides lacking one or more amino 
acids from the N-terminus of the mature polypeptide 
described herein. 
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[0043] Leader and Mature Sequences 

[0044] The amino acid sequence of the complete 
Ependymin protein includes a leader sequence and a mature 
protein, as shoWn in SEQ ID NO:2. More in particular, the 
present invention provides nucleic acid molecules encoding 
a mature form of the Ependymin protein. Thus, according to 
the signal hypothesis, once eXport of the groWing protein 
chain across the rough endoplasmic reticulum has been 
initiated, proteins secreted by mammalian cells have a signal 
or secretory leader sequence Which is cleaved from the 
complete polypeptide to produce a secreted “mature” form 
of the protein. Most mammalian cells and even insect cells 
cleave secreted proteins With the same speci?city. HoWever, 
in some cases, cleavage of a secreted protein is not entirely 
uniform, Which results in tWo or more mature species of the 
protein. Further, it has long been knoWn that the cleavage 
speci?city of a secreted protein is ultimately determined by 
the primary structure of the complete protein, that is, it is 
inherent in the amino acid sequence of the polypeptide. 
Therefore, the present invention provides a nucleotide 
sequence encoding the mature Ependymin polypeptide hav 
ing the amino acid sequence encoded by the cDNA clone 
contained in ATCC Deposit No. 209464. By the “mature 
Ependymin polypeptide having the amino acid sequence 
encoded by the cDNA clone in ATCC Deposit No. 209464” 
is meant the mature form(s) of the Ependymin protein 
produced by eXpression in a mammalian cell (e.g., COS 
cells, as described beloW) of the complete open reading 
frame encoded by the human DNA sequence of the depos 
ited clone. 

[0045] In addition, methods for predicting Whether a pro 
tein has a secretory leader as Well as the cleavage point for 
that leader sequence are available. For instance, the method 
of McGeoch (Virus Res. 3:271-286 (1985)) uses the infor 
mation from a short N-terminal charged region and a sub 
sequent uncharged region of the complete (uncleaved) pro 
tein. The method of von Heinje (NucleicAcids Res. 14:4683 
4690 (1986)) uses the information from the residues 
surrounding the cleavage site, typically residues —13 to +2 
Where +1 indicates the amino terminus of the mature protein. 
The accuracy of predicting the cleavage points of knoWn 
mammalian secretory proteins for each of these methods is 
in the range of 75-80% (von Heinje, supra). HoWever, the 
tWo methods do not alWays produce the same predicted 
cleavage point(s) for a given protein. 

[0046] In the present case, the deduced amino acid 
sequence of the complete Ependymin polypeptide Was ana 
lyZed by the HGSI SignalP computer algorithm (Pedersen, 
A. G. and Nielsen, H. ISMB 5:226-233 (1997)). Using this 
computer analysis tool, a likely site of signal peptide cleav 
age Was predicted betWeen amino acid residues 37 and 38 of 
the, Ependymin sequence (SEQ ID NO:2). HoWever, the 
deduced amino acid sequence of the complete Ependymin 
polypeptide Was also analyZed by a computer program 
designated “PSORT”, available from Dr. Kenta Nakai of the 
Institute for Chemical Research, Kyoto University (Nakai, 
K. and Kanehisa, M. Genomics 14:897-911 (1992)), Which 
is an eXpert system for predicting the cellular location of a 
protein based on the amino acid sequence. As part of this 
computational prediction of localiZation, the methods of 
McGeoch and von Heinje are incorporated. Thus, the com 
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putation analysis above predicted a single cleavage site 
Within the complete amino acid sequence shoWn in SEQ ID 
NO:2. 

[0047] As one of ordinary skill Would appreciate from the 
above discussions, due to the possibilities of sequencing 
errors as Well as the variability of cleavage sites in different 
knoWn proteins, the mature Ependymin polypeptide 
encoded by the deposited cDNA is expected to consist of 
about 187 amino acids (presumably residues 1 to 187 of 
SEQ ID NO:2) based on analysis of the Ependymin amino 
acid sequence using the SignalP computer algorithm, but 
may consist of any number of amino acids in the range of 
about 187 to 200 amino acids (the mature polypeptide is 
predicted to be 200 amino acids using the PSORT computer 
algorithm). Further, the actual leader sequence(s) of this 
protein is expected to be 37 amino acids (presumably 
residues —37 through —1 of SEQ ID NO:2) based on analysis 
of the Ependymin amino acid sequence using the SignalP 
computer algorithm, but may consist of any number of 
amino acids in the range of 24-37 amino acids (the signal 
peptide is predicted to be 24 amino acids using the PSORT 
computer algorithm). 
[0048] As indicated, nucleic acid molecules of the present 
invention may be in the form of RNA, such as mRNA, or in 
the form of DNA, including, for instance, cDNA and 
genomic DNA obtained by cloning or produced syntheti 
cally. The DNA may be double-stranded or single-stranded. 
Single-stranded DNAor RNAmay be the coding strand, also 
knoWn as the sense strand, or it may be the non-coding 
strand, also referred to as the anti-sense strand. 

[0049] By “isolated” nucleic acid molecule(s) is intended 
a nucleic acid molecule, DNA or RNA, Which has been 
removed from its native environment For example, recom 
binant DNA molecules contained in a vector are considered 
isolated for the purposes of the present invention. Further 
examples of isolated DNA molecules include recombinant 
DNA molecules maintained in heterologous host cells or 
puri?ed (partially or substantially) DNA molecules in solu 
tion. Isolated RNA molecules include in vivo or in vitro 
RNA transcripts of the DNA molecules of the present 
invention. Isolated nucleic acid molecules according to the 
present invention further include such molecules produced 
synthetically. 
[0050] Isolated nucleic acid molecules of the present 
invention include DNA molecules comprising an open read 
ing frame (ORF) With an initiation codon at positions 
288-290 of the nucleotide sequence shoWn in FIGS. 1A, 1B, 
and 1C (SEQ ID NO:1). 
[0051] Also included are DNA molecules comprising the 
coding sequence for the predicted mature Ependymin pro 
tein shoWn at positions 1-187 of SEQ ID NO:2. 

[0052] In addition, isolated nucleic acid molecules of the 
invention include DNA molecules Which comprise a 
sequence substantially different from those described above 
but Which, due to the degeneracy of the genetic code, still 
encode the Ependymin protein. Of course, the genetic code 
and species-speci?c codon preferences are Well knoWn in 
the art. Thus, it Would be routine for one skilled in the art to 
generate the degenerate variants described above, for 
instance, to optimiZe codon expression for a particular host 
(e.g., change codons in the human mRNA to those preferred 
by a bacterial host such as E. coli). 
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[0053] In another aspect, the invention provides isolated 
nucleic acid molecules encoding the Ependymin polypep 
tide having an amino acid sequence encoded by the cDNA 
clone contained in the plasmid deposited as ATCC Deposit 
No. 209464 on Nov. 14, 1997. 

[0054] Preferably, this nucleic acid molecule Will encode 
the mature polypeptide encoded by the above-described 
deposited cDNA clone. 

[0055] The invention further provides an isolated nucleic 
acid molecule having the nucleotide sequence shoWn in 
FIGS. 1A, 1B, and 1C (SEQ ID NO:1) or the nucleotide 
sequence of the Ependymin cDNA contained in the above 
described deposited clone, or a nucleic acid molecule having 
a sequence complementary to one of the above sequences. 
Such isolated molecules, particularly DNA molecules, are 
useful as probes for gene mapping, by in situ hybridiZation 
With chromosomes, and for detecting expression of the 
Ependymin gene in human tissue, for instance, by Northern 
blot analysis. 

[0056] The present invention is further directed to nucleic 
acid molecules encoding portions of the nucleotide 
sequences described herein as Well as to fragments of the 
isolated nucleic acid molecules described herein. In particu 
lar, the invention provides a polynucleotide having a nucle 
otide sequence representing the portion of SEQ ID NO:1 
Which consists of positions 1-967 of SEQ ID NO:1. 

[0057] In addition, the invention provides nucleic acid 
molecules having nucleotide sequences related to extensive 
portions of SEQ ID NO: 1 Which have been determined from 
the folloWing related cDNA clones: HATBS80R (SEQ ID 
NO:15); HSRAN11R (SEQ ID NO:16); HCECE56R (SEQ 
ID NO:17); HSNBF20R (SEQ ID NO:18); HPMDJ 94R 
(SEQ ID NO:19); and HE2FK31R (SEQ ID NO:20). 

[0058] Further, the invention includes a polynucleotide 
comprising any portion of at least about 30 nucleotides, 
preferably at least about 50 nucleotides, of SEQ ID NO:1 
from residue 1 to 2505. 

[0059] More generally, by a fragment of an isolated 
nucleic acid molecule having the nucleotide sequence of the 
deposited cDNA or the nucleotide sequence shoWn in FIGS. 
1A, 1B, and 1C (SEQ ID NO:1) is intended fragments at 
least about 15 nt, and more preferably at least about 20 nt, 
still more preferably at least about 30 nt, and even more 
preferably, at least about 40 nt in length Which are useful as 
diagnostic probes and primers as discussed herein. Of 
course, larger fragments 50-300 nt in length are also useful 
according to the present invention as are fragments corre 
sponding to most, if not all, of the nucleotide sequence of the 
deposited cDNAor as shoWn in FIGS. 1A, 1B, and 1C (SEQ 
ID NO:1). By a fragment at least 20 nt in length, for 
example, is intended fragments Which include 20 or more 
contiguous bases from the nucleotide sequence of the depos 
ited cDNA or the nucleotide sequence as shoWn in FIGS. 
1A, 1B, and 1C (SEQ ID NO:1). Preferred nucleic acid 
fragments of the present invention include nucleic acid 
molecules encoding epitope-bearing portions of the 
Ependymin polypeptide as identi?ed in FIGS. 3A and 3B 
and described in more detail beloW. 

[0060] Preferred nucleic acid fragments of the present 
invention also include nucleic acid molecules encoding one 
or more of the folloWing domains of Human Ependymin: 
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amino acid residues —20 through —10 of SEQ ID NO:2; regions (“coil-regions”), hydrophilic regions, hydrophobic 
amino acid residues 1 through 10 of SEQ ID NO:2; amino regions, alpha amphipathic regions, beta amphipathic 
acid residues 31 through 40 of SEQ ID NO:2; amino acid regions, ?exible regions, surface-forming regions and high 
residues 64 through 70 of SEQ ID NO:2; amino acid antigenic indeX regions of Human Ependymin. 

resldues 76 through 82 of SEQ ID Noizi ammo acld [0063] The data representing the structural or functional 
resldues 88 through 105 of SEQ ID NO'_2’_ ammo acld attributes of Human Ependymin set forth in FIG. 4 and/or 
resldues 106 through 117 of SEQ ID NOIZT amlno acld Table I, as described above, Was generated using the various 
resldues 129 through 143 of SEQ ID N92’ ammo acld modules and algorithms of the DNA*STAR set on default 
resldues 150 through 156 of SEQ ID NO?’ and ammo and parameters. In a preferred embodiment, the data presented in 
resldues 162 through 184 of SEQ ID N02‘ These domams columns VIII, IX, XIII, and XIV of Table I can be used to 
are represented as Conserved domams CD'I through CD'X determine regions of Human Ependymin Which exhibit a 
1n FIGS‘ 1A’ 1B’ and 1C‘ high degree of potential for antigenicity. Regions of high 
[0061] In speci?c embodiments, the polynucleotide frag- ahtigohioity are dotouhihod from the data presehteduh 
ments of the invention encode antigenic regions. Non- Columns VIII; IX, XIII, ahd/or IVby ohooslhg Values Whloh 
limiting eXamples of antigenic polypeptides or peptides that represent roglohs of the polypeptlde whloh are hkely I0 be 
can be used to generate Ependymin-speci?c antibodies oXPoSod oh the Surface of_the Polypeptldo 1h ah ohvuohthoht 
include: a polypeptide comprising amino acid residues from thafvhloh ahtlgoh roooghltloh may occur 1h the Process of 
about Ala-1 to about Gln-9 in SEQ ID NO:2; a polypeptide lhltlatloh of ah uhhluho rospohso 

Comprising athiho acid residues froth about Pro-s to about [0064] Certain preferred regions in these regards are set 
Val-1o 1h SEQ ID N032; a Polypeptldo oomphsmg athlho out in FIG. 4, but may, as shoWn in Table I, be represented 
aold roslduos froth about G1h'_19 to about A_rg'27_1h SEQ ID or identi?ed by using tabular representations of the data 
NOZZ; a Polypeptlde oomprtslhg athlho aold resldues from presented in FIG. 4. The DNA*STAR computer algorithm 
about [to-69 to about oer-77 1h SEQ ID N032; a Polypeptldo used to generate FIG. 4 (set on the original default param 
oothpnslhg athlho aold roslduos from about ASP-8o to about eters) Was used to present the data in FIG. 4 in a tabular 
G1u'107_1h SEQ ID N032; a Polypeptldo oothpnslhg athlho format (See Table I). The tabular format of the data in FIG. 
aold roslduos from about (?u-113 to about Tyr'123 1h SEQ 4 may be used to easily determine speci?c boundaries of a 
ID N012; a polypeptide comprising amino acid residues preferred region 
from about Thr-131 to about Gln-139 in SEQ ID NO:2; a . . . 

. . . . . . [0065] The above-mentioned preferred regions set out In 
polypeptide comprlslng ammo acid residues from about . . . . . 

. FIG. 4 and In Table I Include, but are not limited to, regions 
Leu-159 to about Phe-167 in SEQ ID NO:2; and a polypep- . . . . 

. . . . . . of the aforementioned types 1dent1?ed by analysis of the 
tide compr1s1ng amino acid residues from about Leu-178 to . .d . FIGS 1A 1B d 1C A 
about Ser_186 in SEQ ID N02 amino acl sequence set' out In . , , an I s 

' ' set out In FIG. 4 and In Table I, such preferred regions 

[0062] In additional embodiments, the polynucleotides of include Garnier-Robson alpha-regions, beta-regions, turn 
the invention encode functional attributes of Human regions, and coil-regions, Chou-Fasman alpha-regions,beta 
Ependymin. Preferred embodiments of the invention in this regions, and coil-regions, Kyte-Doolittle hydrophilic 
regard include fragments that comprise alpha-helix and regions and hydrophobic regions, Eisenberg alpha- and 
alpha-helix forming regions (“alpha-regions”), beta-sheet beta-amphipathic regions, Karplus-SchulZ ?exible regions, 
and beta-sheet forming regions (“beta-regions”), turn and Emini surface-forming regions and Jameson-Wolf regions of 
turn-forming regions (“turn-regions”), coil and coil-forming high antigenic indeX. 

TABLE I 

Res Position I II III Iv v vI vII vIII IX X XI XII XIII XIv 

Met 1 . B . . T . 0.31 -0.24 * * 1.07 1.11 

Pro 2 . . . . T C 0.49 -0.17 . * 1.34 0.88 

Gly 3 . . . T T 0.07 -0.17 * * 1.91 1.06 

Arg 4 . B . . T 0.57 0.09 * * 0.98 0.89 

Ala 5 . B . . 0.64 -0.53 * * F 2.20 1.12 

Pro 6 . B B 0.39 -0.47 * * F 1.48 1.63 

Leu 7 . B B 0.39 -0.26 * * . 0.96 0.62 

Arg 8 . B B 0.39 0.17 * * F 0.29 0.95 

Thr 9 . B B -0.31 0.10 * * F 0.07 0.61 

val 10 . B . T -0.53 0.17 * * F 0.25 0.74 

Pro 11 . B . T -0.67 0.17 * F 0.25 0.31 

Gly 12 . B . T -0.44 0.60 * F -0.05 0.21 

Ala 13 . B . T -0.84 0.61 * . -0.20 0.29 

Leu 14 A B B -1.34 0.89 -0.60 0.20 
Gly 15 A B B -1.30 1.14 -0.60 0.17 
Ala 16 A B B -1.43 1.40 -0.60 0.14 
Trp 17 A B B -1.43 1.33 -0.60 0.16 
Leu 18 A B B -1.66 1.07 -0.60 0.16 

Leu 19 A B B -1.13 1.33 -0.60 0.13 
Gly 20 A B T -1.38 1.74 -0.20 0.13 
Gly 21 B . C -1.08 1.33 -0.40 0.16 

Leu 22 B T -1.10 1.56 -0.20 0.21 
Trp 23 B T -1.10 1.36 -0.20 0.30 
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TABLE I-continued 

Res Position I II III IV V VI VII VIII IX X XI XII XIII XIV 

Cys 172 B T . 0.40 0.04 . * 0.66 0.74 

Tyr 173 B T . 0.71 -0.20 * . 1.40 0.64 

Pro 174 B . 1.26 -0.20 * * 1.06 0.66 

Val 175 B B 0.51 0.29 * . . 0.27 1.78 

Gln 176 B B 0.20 0.50 * F -0.17 0.99 
Glu 177 B B -0.02 0.23 * F -0.01 0.92 
Thr 178 B B 0.22 0.49 * F -0.45 0.87 
Phe 179 B B 0.19 0.24 * -0.30 0.81 
Thr 180 B B 0.74 0.60 * -0.60 0.73 
Ile 181 B B -0.11 0.99 * -0.60 0.68 
Asn 182 B B -1.00 1.14 * -0.60 0.58 
Tyr 183 B B -1.50 1.04 * -0.60 0.28 
Ser 184 B B -1.10 1.24 . * -0.60 0.33 

Val 185 B B -1.10 0.94 * * -0.60 0.28 

Ile 186 B B -0.10 1.03 * * -0.60 0.25 

Leu 187 B B -0.80 0.27 * * -0.30 0.37 

Ser 188 B B -1.26 0.67 * * . -0.60 0.43 

Thr 189 B B -0.96 0.81 * * F -0.45 0.54 

Arg 190 B B -0.99 0.13 * -0.15 1.09 
Phe 191 B B -0.10 0.13 * -0.30 0.57 
Phe 192 B B -0.10 0.14 . * -0.30 0.68 

Asp 193 B B -0.14 0.34 * * -0.30 0.29 
Ile 194 B B -0.72 0.77 . * -0.60 0.33 

Gln 195 B B -0.79 0.67 * * -0.60 0.27 

Leu 196 . . B B . -0.09 -0.11 * * 0.51 0.32 

Gly 197 . . . . T 0.40 -0.11 * 1.32 0.76 

Ile 198 . . . . T . . 0.10 -0.37 . * . 1.53 0.68 

Lys 199 . . . . . . C 0.13 -0.39 * * F 1.84 1.10 

Asp 200 . T C -0.57 -0.43 * F 2.10 0.83 

Pro 201 B T -0.07 -0.07 F 1.84 1.02 
Ser 202 B T 0.07 -0.27 F 1.48 0.74 
Val 203 B T 0.74 0.16 0.52 0.68 
Phe 204 . . B . . . . 0.40 0.59 . -0.19 0.68 

Thr 205 . . . . . . C 0.09 0.54 F -0.05 0.68 

Pro 206 . T C -0.37 0.64 F 0.30 1.32 

Pro 207 T T -0.07 0.57 F 0.35 0.82 
Ser 208 T T 0.19 0.19 F 0.65 0.98 
Thr 209 . . T T 0.30 0.31 F 0.65 0.63 

Cys 210 A B 0.61 0.39 -0.30 0.41 
Gln 211 A B 0.01 0.36 -0.30 0.53 
Met 212 A B 0.22 0.66 -0.60 0.30 
Ala 213 . A B 0.57 0.17 -0.30 0.98 

Gln 214 A A 0.28 -0.40 0.45 1.13 
Leu 215 A A . 0.64 -0.19 0.76 1.13 

Glu 216 A B 0.64 -0.41 * . 1.07 1.50 

Lys 217 A B . 1.24 -0.91 * F 1.83 1.50 

Met 218 A T . 1.17 -1.31 * F 2.54 3.05 

Ser 219 T T 0.87 -1.43 * F 3.10 0.94 
Glu 220 T T 1.39 -1.04 * F 2.79 0.63 
Asp 221 T T 1.00 -0.13 * F 2.18 0.67 
Cys 222 T T 0.57 -0.31 * 1.72 0.64 
Ser 223 T 0.78 -0.27 1.21 0.47 
Trp 224 T 0.69 0.16 0.30 0.36 

[0066] Among highly preferred fragments in this regard 
are those that comprise regions of Human Ependymin that 
combine several structural features, such as several of the 
features set out above. 

[0067] In another aspect, the invention provides an iso 
lated nucleic acid molecule comprising a polynucleotide 
Which hybridiZes under stringent hybridization conditions to 
a portion of the polynucleotide in a nucleic acid molecule of 
the invention described above, for instance, the cDNA clone 
contained in ATCC Deposit No. 209464. By “stringent 
hybridization conditions” is intended overnight incubation 
at 42° C. in a solution comprising: 50% formamide, 5><SSC 
(750 mM NaCl, 75 mM trisodium citrate), 50 mM sodium 
phosphate (pH 7.6), 5>< Denhardt’s solution, 10% deXtran 

sulfate, and 20 pig/ml denatured, sheared salmon sperm 
DNA, folloWed by Washing the ?lters in 0.1><SSC at about 
65° C. 

[0068] By a polynucleotide Which hybridiZes to a “por 
tion” of a polynucleotide is intended a polynucleotide (either 
DNA or RNA) hybridiZing to at least about 15 nucleotides 
(nt), and more preferably at least about 20 nt, still more 
preferably at least about 30 nt, and even more preferably 
about 30-70 (e.g., 50) nt of the reference polynucleotide. 
These are useful as diagnostic probes and primers as dis 
cussed above and in more detail beloW. 

[0069] By a portion of a polynucleotide of “at least 20 nt 
in length,” for eXample, is intended 20 or more contiguous 
nucleotides from the nucleotide sequence of the reference 
polynucleotide (e.g., the deposited cDNA or the nucleotide 
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sequence as shown in FIGS. 1A, 1B, and 1C (SEQ ID 
N011)). Of course, a polynucleotide Which hybridiZes only 
to a poly A sequence (such as the 3‘ terminal poly(A) tract 
of the Ependymin cDNA shown in FIGS. 1A, 1B, and 1C 
(SEQ ID N011)), or to a complementary stretch of T (or U) 
residues, Would not be included in a polynucleotide of the 
invention used to hybridize to a portion of a nucleic acid of 
the invention, since such a polynucleotide Would hybridiZe 
to any nucleic acid molecule containing a poly (A) stretch or 
the complement thereof (e.g., practically any double 
stranded cDNA clone). 

[0070] As indicated, nucleic acid molecules of the present 
invention Which encode a Ependymin polypeptide may 
include, but are not limited to those encoding the amino acid 
sequence of the mature polypeptide, by itself; and the coding 
sequence for the mature polypeptide and additional 
sequences, such as those encoding the about 37 amino acid 
leader or secretory sequence, such as a pre-, or pro- or 

prepro-protein sequence; the coding sequence of the mature 
polypeptide, With or Without the aforementioned additional 
coding sequences. 

[0071] Also encoded by nucleic acids of the invention are 
the above protein sequences together With additional, non 
coding sequences, including for example, but not limited to 
introns and non-coding 5‘ and 3‘ sequences, such as the 
transcribed, non-translated sequences that play a role in 
transcription, mRNA processing, including splicing and 
polyadenylation signals, for example—ribosome binding 
and stability of mRNA; an additional coding sequence 
Which codes for additional amino acids, such as those Which 
provide additional functionalities. 

[0072] Thus, the sequence encoding the polypeptide may 
be fused to a marker sequence, such as a sequence encoding 
a peptide Which facilitates puri?cation of the fused polypep 
tide. In certain preferred embodiments of this aspect of the 
invention, the marker amino acid sequence is a hexa 
histidine peptide, such as the tag provided in a pQE vector 
(QIAGEN, Inc., 9259 Eton Avenue, ChatsWorth, Calif., 
91311), among others, many of Which are commercially 
available. As described by GentZ and colleagues (Proc. Natl. 
Acad. Sci. USA 861821-824 (1989)), for instance, hexa 
histidine provides for convenient puri?cation of the fusion 
protein. The “HA” tag is another peptide useful for puri? 
cation Which corresponds to an epitope derived from the 
in?uenza hemagglutinin protein, Which has been described 
by Wilson and coworkers (Cell 371767 (1984)). As discussed 
beloW, other such fusion proteins include the Ependymin 
fused to Fc at the N- or C-terminus. 

[0073] Variant and Mutant Polynucleotides 

[0074] The present invention further relates to variants of 
the nucleic acid molecules of the present invention, Which 
encode portions, analogs or derivatives of the Ependymin 
protein. Variants may occur naturally, such as a natural 
allelic variant. By an “allelic variant” is intended one of 
several alternate forms of a gene occupying a given locus on 
a chromosome of an organism (Genes II, LeWin, B., ed., 
John Wiley & Sons, NeW York (1985)). Non-naturally 
occurring variants may be produced using art-knoWn 
mutagenesis techniques. 

[0075] Such variants include those produced by nucleotide 
substitutions, deletions or additions. The substitutions, dele 
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tions or additions may involve one or more nucleotides. The 
variants may be altered in coding regions, non-coding 
regions, or both. Alterations in the coding regions may 
produce conservative or non-conservative amino acid sub 
stitutions, deletions or additions. Especially preferred 
among these are silent substitutions, additions and deletions, 
Which do not alter the properties and activities of the 
Ependymin protein or portions thereof. Also especially 
preferred in this regard are conservative substitutions. 

[0076] Most highly preferred are nucleic acid molecules 
encoding the mature protein having the amino acid sequence 
shoWn in SEQ ID N012 or the mature Ependymin amino 
acid sequence encoded by the deposited cDNA clone. 

[0077] Thus, one aspect of the invention provides an 
isolated nucleic acid molecule comprising a polynucleotide 
having a nucleotide sequence selected from the group con 
sisting of: (a) a nucleotide sequence encoding the 
Ependymin polypeptide having the complete amino acid 
sequence in SEQ ID N012 (i.e., positions —37 to 187 of SEQ 
ID N012); (b) a nucleotide sequence encoding the 
Ependymin polypeptide having the complete amino acid 
sequence in SEQ ID N012 excepting the N-terminal 
methionine (i.e., positions —36 to 187 of SEQ ID N012); (c) 
a nucleotide sequence encoding the predicted mature 
Ependymin polypeptide having the amino acid sequence at 
positions 1 to 187 in SEQ ID N012; (d) a nucleotide 
sequence encoding the Ependymin polypeptide having the 
complete amino acid sequence encoded by the cDNA clone 
contained in ATCC Deposit No. 209464; (e) a nucleotide 
sequence encoding the Ependymin polypeptide having the 
complete amino acid sequence excepting the N-terminal 
methionine encoded by the cDNA clone contained in ATCC 
Deposit No. 209464; a nucleotide sequence encoding the 
mature Ependymin polypeptide having the amino acid 
sequence encoded by the cDNA clone contained in ATCC 
Deposit No. 209464; and (g) a nucleotide sequence comple 
mentary to any of the nucleotide sequences in (a), (b), (c), 
(d), (e) or (f), above. 

[0078] Further embodiments of the invention include iso 
lated nucleic acid molecules that comprise a polynucleotide 
having a nucleotide sequence at least 90% identical, and 
more preferably at least 95%, 96%, 97%, 98% or 99% 
identical, to any of the nucleotide sequences in (a), (b), (c), 
(d), (e), or (g), above, or a polynucleotide Which hybrid 
iZes under stringent hybridiZation conditions to a polynucle 
otide in (a), (b), (c), (d), (e), or (g), above. This poly 
nucleotide Which hybridiZes does not hybridiZe under 
stringent hybridiZation conditions to a polynucleotide hav 
ing a nucleotide sequence consisting of only Aresidues or of 
only T residues. An additional nucleic acid embodiment of 
the invention relates to an isolated nucleic acid molecule 
comprising a polynucleotide Which encodes the amino acid 
sequence of an epitope-bearing portion of a Ependymin 
polypeptide having an amino acid sequence in (a), (b), (c), 
(d), (e) or (f), above. A further nucleic acid embodiment of 
the invention relates to an isolated nucleic acid molecule 
comprising a polynucleotide Which encodes the amino acid 
sequence of a Ependymin polypeptide having an amino acid 
sequence Which contains at least one conservative amino 
acid substitution, but not more than 50 conservative amino 
acid substitutions, even more preferably, not more than 40 
conservative amino acid substitutions, still more preferably, 
not more than 30 conservative amino acid substitutions, and 
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still even more preferably, not more than 20 conservative 
amino acid substitutions. Of course, in order of ever-increas 
ing preference, it is highly preferable for a polynucleotide 
Which encodes the amino acid sequence of a Ependyrnin 
polypeptide to have an amino acid sequence Which contains 
not more than 10, 9, 8, 7, 6, 5, 4, 3, 2 or 1 conservative amino 
acid substitutions. 

[0079] The present invention also relates to recombinant 
vectors, Which include the isolated nucleic acid molecules of 
the present invention, and to host cells containing the 
recombinant vectors, as Well as to methods of making such 
vectors and host cells and for using them for production of 
Ependyrnin polypeptides or peptides by recombinant tech 
niques. 

[0080] By a polynucleotide having a nucleotide sequence 
at least, for example, 95% “identical” to a reference nucle 
otide sequence encoding a Ependyrnin polypeptide is 
intended that the nucleotide sequence of the polynucleotide 
is identical to the reference sequence eXcept that the poly 
nucleotide sequence rnay include up to ?ve point mutations 
per each 100 nucleotides of the reference nucleotide 
sequence encoding the Ependyrnin polypeptide. In other 
Words, to obtain a polynucleotide having a nucleotide 
sequence at least 95% identical to a reference nucleotide 
sequence, up to 5% of the nucleotides in the reference 
sequence may be deleted or substituted With another nucle 
otide, or a number of nucleotides up to 5% of the total 
nucleotides in the reference sequence may be inserted into 
the reference sequence. These mutations of the reference 
sequence may occur at the 5‘ or 3‘ terminal positions of the 
reference nucleotide sequence or anyWhere betWeen those 
terrninal positions, interspersed either individually arnong 
nucleotides in the reference sequence or in one or more 
contiguous groups Within the reference sequence. 

[0081] As a practical matter, Whether any particular 
nucleic acid molecule is at least 90%, 95%, 96%, 97%, 98% 
or 99% identical to, for instance, the nucleotide sequence 
shoWn in FIGS. 1A, 1B, and 1C, or to the nucleotides 
sequence of the deposited cDNA clone HDPIE88 can be 
determined conventionally using knoWn computer programs 
such as the Best?t prograrn (Wisconsin Sequence Analysis 
Package, Version 8 for Unix, Genetics Computer Group, 
University Research Park, 575 Science Drive, Madison, 
Wis. 53711). Best?t uses the local hornology algorithm of 
Smith and Waterrnan to ?nd the best segment of homology 
betWeen tWo sequences (Advances in Applied Mathematics 
2:482-489 (1981)). When using Best?t or any other 
sequence alignment program to determine Whether a par 
ticular sequence is, for instance, 95% identical to a reference 
sequence according to the present invention, the parameters 
are set, of course, such that the percentage of identity is 
calculated over the full length of the reference nucleotide 
sequence and that gaps in homology of up to 5% of the total 
number of nucleotides in the reference sequence are 
alloWed. Apreferred method for determining the best overall 
match between a query sequence (a sequence of the present 
invention) and a subject sequence, also referred to as a 
global sequence alignment, can be determined using the 
FASTDB computer program based on the algorithm of 
Brutlag and colleagues (Comp. App. Biosci. 6:237-245 
(1990)). In a sequence alignment the query and subject 
sequences are both DNA sequences. An RNA sequence can 
be compared by converting U’s to T’s. The result of said 
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global sequence alignment is in percent identity. Preferred 
parameters used in a FASTDB alignment of DNA sequences 
to calculate percent identity are: MatriX=Unitary, k-tuple=4, 
Misrnatch Penalty=1, Joining Penalty=30, RandorniZation 
Group Length=0, Cutoff Score=1, Gap Penalty=5, Gap SiZe 
Penalty 0.05, WindoW SiZe=500 or the length of the subject 
nucleotide sequence, Whichever is shorter. 

[0082] If the subject sequence is shorter than the query 
sequence because of 5‘ or 3‘ deletions, not because of 
internal deletions, a manual correction must be made to the 
results. This is because the FASTDB program does not 
account for 5‘ and 3‘ truncations of the subject sequence 
When calculating percent identity. For subject sequences 
truncated at the 5‘ or 3‘ ends, relative to the query sequence, 
the percent identity is corrected by calculating the number of 
bases of the query sequence that are 5‘ and 3‘ of the subject 
sequence, Which are not rnatched/aligned, as a percent of the 
total bases of the query sequence. Whether a nucleotide is 
rnatched/aligned is determined by results of the FASTDB 
sequence alignment. This percentage is then subtracted from 
the percent identity, calculated by the above FASTDB 
program using the speci?ed parameters, to arrive at a ?nal 
percent identity score. This corrected score is What is used 
for the purposes of the present invention. Only bases outside 
the 5‘ and 3‘ bases of the subject sequence, as displayed by 
the FASTDB alignrnent, Which are not rnatched/ aligned With 
the query sequence, are calculated for the purposes of 
rnanually adjusting the percent identity score. 

[0083] For example, a 90 base subject sequence is aligned 
to a 100 base query sequence to determine percent identity. 
The deletions occur at the 5‘ end of the subject sequence and 
therefore, the FASTDB alignrnent does not shoW a rnatched/ 
alignment of the ?rst 10 bases at 5‘ end. The 10 unpaired 
bases represent 10% of the sequence (number of bases at the 
5‘ and 3‘ ends not rnatched/total number of bases in the query 
sequence) so 10% is subtracted from the percent identity 
score calculated by the FASTDB program. If the remaining 
90 bases Were perfectly matched the ?nal percent identity 
Would be 90%. In another example, a 90 base subject 
sequence is compared With a 100 base query sequence. This 
time the deletions are internal deletions so that there are no 
bases on the 5‘ or 3‘ of the subject sequence Which are not 
rnatched/aligned With the query. In this case the percent 
identity calculated by FASTDB is not manually corrected. 
Once again, only bases 5‘ and 3‘ of the subject sequence 
Which are not rnatched/aligned With the query sequence are 
manually corrected for. No other rnanual corrections are to 
made for the purposes of the present invention. 

[0084] The present application is directed to nucleic acid 
molecules at least 90%, 95%, 96%, 97%, 98% or 99% 
identical to the nucleic acid sequence shoWn in FIGS. 1A, 
1B, and 1C (SEQ ID NO:1) or to the nucleic acid sequence 
of the deposited cDNA, irrespective of Whether they encode 
a polypeptide having Ependyrnin activity. This is because 
even Where a particular nucleic acid molecule does not 
encode a polypeptide having Ependyrnin activity, one of 
skill in the art Would still knoW hoW to use the nucleic acid 
molecule, for instance, as a hybridiZation probe or a poly 
rnerase chain reaction (PCR) primer. Uses of the nucleic acid 
molecules of the present invention that do not encode a 
polypeptide having Ependyrnin activity include, inter alia, 
(1) isolating the Ependyrnin gene or allelic variants thereof 
in a cDNA library; (2) in situ hybridiZation (e.g., “FISH”) to 




































































