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We report herein the characterization of the cDNA for
a novel human chondroitin sulfate proteoglycan, desig-
nated IPM 200, and the chromosomal location of its gene,
designated IMPG2. IPM 200 was isolated from the reti-
nal interphotoreceptor matrix, a unique extracellular
matrix that occupies the subretinal space between the
apices of the retinal pigment epithelium and the neural
retina. The cDNA contains an open reading frame of
3,726 bp that codes for a core protein with a deduced
molecular weight of 138.5 kDa. The deduced IPM 200
core protein contains a putative transmembrane do-
main, two EGF-like repeats, numerous N- and O-linked
glycosylation consensus sequences and one consensus
sequence for glycosaminoglycan attachment. IMPG2
maps to human chromosome 3g12.2-12.3. Based on ho-
mologies within their amino acid sequences we propose
that IPM 200 and a previously described human proteo-
glycan, IPM 150, form a new family of extracellular ma-
trix glycoconjugates. © 1999 Academic Press

Key Words: chondroitin sulfate proteoglycan; inter-
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The outer segments of retinal rod and cone photore-
ceptor cells are encapsulated by the interphotoreceptor
matrix (IPM). Functionally, the IPM mediates several
processes that are crucial to photoreceptor function (1,
2). Significant among these functions are roles in reti-
nal adhesion and the establishment and maintenance
of a milieu suitable for photoreceptor survival (2—8).
The IPM is an unique extracellular matrix in that it
lacks many of the more typical constituents of extra-
cellular compartments, such as elastin, collagens, and
fibronectins. Many of the molecules that comprise the
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IPM are distributed heterogeneously. Most notably,
the IPM surrounding human cone, but not rod, photo-
receptor outer segments reacts with antibodies di-
rected against chondroitin 6-sulfate glycosaminogly-
cans and the lectin peanut agglutinin (1, 9, 10). These
structures, designated “cone matrix sheaths” (CMS),
have been shown to participate in retinal adhesion (7,
11-15). Previous biochemical analyses documented the
presence of two chondroitin sulfate proteoglycans in
the IPM, designated IPM 150 and IPM 200, based on
their apparent molecular weights following separation
by SDS-polyacrylamide gel electrophoresis (1, 16).

The molecular relationship between IPM 150 and
IPM 200 has not been elucidated fully. The results of
preliminary amino acid sequencing analyses suggested
that both proteoglycans might share a common core
protein, since the amino-terminial sequences of both
IPM 150 and IPM 200 were similar (17). Based on
these data, we sought to determine whether: (i) both
proteoglycans share a common core protein, differing
only in the extent or nature of associated saccharides;
(i) IPM 150 and IPM 200 represent splicing variants of
a single gene; or (iii) the two proteoglycans arise from
two independent genes and share only partial homol-
ogy to one other.

In an effort to address these questions we recently
cloned the cDNA encoding the core protein of human
IPM 150 (GenBank Accession Number AF047492) (18).
Comparison of the IPM 150 cDNA to NCBI databases
indicated that the region between nucleotides 1850 and
2080 of IPM 150 displays some homology with a cDNA,
designated PG 10.2, that is expressed in the pineal
gland and retina of rats (19). IPM 150 and PG 10.2 are
clearly distinct proteins, however, differing from one
another throughout most of their deduced amino acid
sequences and in their overall molecular weights. In
addition, PG 10.2 includes regions that are highly ho-
mologous to amino acid sequences we had obtained
from a second human IPM proteoglycan, designated
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IPM 200. These observations suggested that PG 10.2
might represent the rat homologue of human IPM 200,
rather than that of human IPM 150. Based on this
contention, we utilized PG 10.2-derived cDNA probes
to isolate and clone human IPM 200, and subsequently
determined the chromosomal location of the human
IPM 200 gene.

MATERIALS AND METHODS

Isolation of IPM 200 protein and amino acid sequenc-
ing. Aqueous-insoluble IPM was isolated from pig,
monkey and human eyes and processed as described
previously (33). Briefly, IPM was isolated, homoge-
nized and digested with protease-free chondroitinase
ABC (Seikagaku, ljamsville, MD). IPM-associated pro-
teins were separated by SDS-polyacrylamide gel elec-
trophoresis and transferred to sequencing grade PVDF
membrane (Immobilon P, Millipore, Bedford, PA).
Membrane strips to which IPM 200 was bound, as
visualized by staining of adjacent membrane strips
with anti-chondroitin 6-sulfate antibody, were excised
and subjected to direct NH,-terminal amino acid se-
quencing by Edman degradation (38). In addition, gel
strips containing IPM 200 were stained with Coomas-
sie blue, excised, and subjected to an “in-gel” digestion
protocol (39). The resulting tryptic fragments were iso-
lated by reverse phase HPLC and their amino acid
sequences determined. Obtained sequences were com-
pared to the NCBI databases.

Isolation of human IPM 200 cDNA. In order to
generate probes for the isolation of cDNA clones encod-
ing human IPM 200, two primer pairs were syn-
thesized based upon the rat PG 10.2 cDNA sequence
(SN1: 5'-GACAGCTTTTGGATGCCAC-3', AS1: 5'-ACC-
TGCCAATGTTGAGGTC-3', amplification product span-
ning nucleotides 350 to 770, and SN2: 5'-AGCATTGTG-
GTGAACAGCAG-3', AS2: 5'-CGGCATCTACAAATG-
GCT-3’, amplification product spanning nucleotides
3064 to 3430). Two PCR fragments were generated by
reverse-transcription PCR of rat retinal RNA using
these primer pairs. These fragments were utilized as
probes to screen a human retinal Agtll cDNA library
(Clontech Laboratories, Palo Alto, CA) under low strin-
gency conditions. Screening of 2 X 10° plaques resulted
in the isolation of three clones. The cDNA inserts of
these clones were amplified by PCR using primers to
the regions flanking the insertion site of Agt11 (Sense:
5'-TGGCTGAATATCGACGGTTTCC-3'; Antisense: 5'-
AGACCAACTGGTAATGGTAGCG-3') and PFU poly-
merase (Stratagene, La Jolla, CA). The generated PCR
fragments were subcloned into the pCRscript vector.
The resulting clones, designated 107.1.1, 107.2.2, and
108.1.1, were then used as probes to rescreen the li-
brary; one additional clone, designated 121.2.1, was
isolated and the cDNA insert was subcloned.
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cDNA sequencing. The cDNA sequences of all sub-
cloned cDNA fragments were determined by auto-
mated sequence analysis using an ABI 370 DNA se-
quencer. Both strands were analyzed at least twice
using either vector-specific primers or custom oligonu-
cleotide primers. The sequence presented here repre-
sents a consensus sequence from all cDNA clones ob-
tained. Sequences obtained were compared with those
in the NCBI databases using the BLAST algorithm
(40) in the MacVector software package (Kodak Inter-
national Biotechnologies, Inc., New Haven, CT).

Northern blot analyses. Total RNA was isolated
from human retina, RPE/choroid, iris, and cornea col-
lected within four hours of death using the RNeasy
system (Qiagen, Valencia, CA). Prior to electrophoresis
the samples were denatured at 55°C, for 15 min, in
6.5% formaldehyde and 50% formamide in MOPS run-
ning buffer (40 mM morpholinopropanesulfonic acid,
pH 7.0, containing 100 mM sodium acetate and 10 mM
EDTA). The RNA was then fractionated on agarose
gels containing formaldehyde and subsequently trans-
ferred to nylon-based membranes by capillary transfer
using 20X SSC (3 M NaCl and 0.3 M sodium citrate).
RNA was cross-linked to the membranes and hybrid-
ized with *P-labeled DNA probes derived from clone
108.1.1 for detection of IPM 200 transcripts.

Radiation hybrid analysis. Radiation hybrid map-
ping was performed with the Genebridge 4 Radiation
Hybrid Panel (Research Genetics, Huntsville, AL).
Sense (5'-AAAAAGAAACAGCCTCTGGACCGCAG-3')
and antisense (5'-CAGCCTCTGCAACACTTTCATCT-
GGG-3') primers were designed according to sequences
spanning nucleotides 372 to 397 and 467 to 492 of the
IPM 200 cDNA, respectively. 12.5 ng of each radiation
hybrid clone DNA was then used as template in a 8.35
wul polymerase chain reaction (PCR) containing: 1.25 ul
10X buffer (100 mM Tris-HCI, pH 8.3, 500 mM KClI, 15
mM MgCl,), 300 uM of each dNTP, 1 pmole of each
primer, and 0.25 units Taqg polymerase (Promega,
Madison, WI). Samples were denatured for 5 min,
at 94°C, and amplified in a DNA thermocycler for 35
cycles under the following conditions: 94°C for 30 sec,
62°C for 30 sec, 72°C for 30 sec. After amplification, 5
wl of stop solution (95% formamide, 10 mM NaOH,
0.05% bromophenol blue, 0.05% xylene cyanol) was
added to each sample. Amplification products were
electrophoresed on 6% polyacrylamide, 5% glycerol
gels, at 50 W. Following electrophoresis, gels were
stained with silver nitrate and scored for the presence
of amplified product. The data were submitted to the
Whitehead Institute Server (http://www-genome.wi.
mit.edu/cgi-bin/contig/rhmapper.pl) for computation of
the chromosomal location of the gene.

FISH analysis. In order to obtain a sufficiently
large genomic DNA probe of the IPM 200 gene, the
PCR primer pair indicated above was used to screen a

104



Vol. 2, No. 2, 1999

Monkey NH2-Terminus XILFPNGVEKIXPDE
Pig NH2-Terminus XXLFPNGVKTI

Human NH2-Terminus XILFPNGVEKTIZXEP
Human Peptide # 62 VLEFR

Human Peptide # 92 X{(Q)Q EAXWEA2A

Human Peptide # 117 DYIAETLOQQNTFL
Human Peptide # 141-1 TVSSSELSSPV
Human Peptide # 141-2 XY A2KE(PVKX X EL

FIG. 1. Amino acid sequences obtained by directly sequencing
native IPM 200 protein derived from pig, monkey, and human IPM.
X represents positions for which no amino acid could be assigned and
residues in parentheses could not be determined with certainty.

bacterial artificial chromosome (BAC) library of the
human genome. After identification of a BAC clone
containing IPM 200 sequence (BAC #340m10; Re-
search Genetics, Huntsville, AL) its DNA was isolated,
fractionated by enzymatic restriction, and the result-
ing fragments were subcloned. Subclones containing
IPM 200 sequences were identified by hybridization
with oligonucleotides and their identity was confirmed
by partial sequence analysis. DNA from these sub-
clones was labeled with digoxigenin dUTP and hybrid-
ized to normal metaphase chromosomes derived from
PHA stimulated human lymphocytes in a solution con-
taining 50% formamide, 10% dextran sulfate and 2X
SSC. Specific hybridization signals were detected by
incubating the hybridized slides with fluorescein-
conjugated anti-digoxigenin antibodies followed by
counterstaining with DAPI.

RESULTS

Amino acid sequencing of IPM 200. The amino-
terminal sequences of IPM 200 collected from human,
monkey, and pig, as well as the sequences of five inter-
nal human IPM 200 peptides were determined (Figure
1). The amino terminus and fragment #62 of human
IPM 200 display some sequence similarities with the
amino terminus of IPM 150 described previously (18),
although several specific and consistent amino acid
substitutions are noted. The sequences of human IPM
200-derived peptides #92, #117, #141-1, and #141-2 do
not share homology to human IPM 150.

Cloning of human IPM 200. Regions of rat PG 10.2
cDNA that exhibit considerable sequence divergence
from human IPM 150 cDNA were employed as probes
to screen a human retinal cDNA library for clones
encoding IPM 200. Four overlapping clones, designated
107.1.1, 107.2.2,121.2.1, and 108.1.1, containing cDNA
inserts of 4.8, 4.9, 1.2 and 2.2 kb respectively, were
isolated (Figure 2). Sequences obtained from these
clones were assembled to generate a 4,165 bp consen-
sus sequence for human IPM 200 (Figure 3).

Translation of the human IPM 200 cDNA results in
a deduced core protein with a molecular weight of
138.5 kDa. The deduced IPM 200 sequence contains
both the amino terminal peptide as well as all five
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isolated internal fragments obtained by direct amino
acid sequence analyses of native IPM 200 (Figure 3).
Based on the amino terminal sequence data derived
from native human IPM 200 protein, it appears that its
first 82 amino acids may be removed during the mat-
uration of the protein, leaving a mature core protein of
129 kDa. The deduced amino acid sequence features
six consensus sequences for N-linked glycosylation (20)
(located at amino acids 154, 301, 320, 370, 942, and
956) and 23 potential sites for O-linked glycosylation
scattered throughout the central portion of the protein
(21). Although there are several ser-gly dipeptide mo-
tifs within the core protein, only ser®®-gly®” fits the
ser-gly-x-gly consensus sequence for glycosaminogly-
can attachment and is located within a region contain-
ing several acidic residues, making it the most likely
site for GAG attachment (22). The IPM 200 core pro-
tein is generally hydrophilic (23), except for a short
hydrophobic NH,-terminal region, presumably the sig-
nal sequence which is removed during the maturation
of the molecule, and a hydrophobic region between
amino acids 1097 and 1127 that might constitute a
transmembrane domain (Figure 4). Additional features
of IPM 200 include two EGF-like domains (24) located
between amino acids 1014 and 1092. In contrast to IPM
150, no hyaluronic acid binding domains are present.

Ocular expression of human IPM 200. Northern
blot analyses of RNA isolated from human retina, RPE/
choroid, cornea and iris, using clone 108.1.1 as a probe,
demonstrate that IPM 200 is expressed in the human
retina, but not in the RPE/choroid, cornea, or iris (Fig-
ure 5). A single transcript, approximately 6.2 kb in size
is observed, suggesting that spliced isoforms of IPM
200 do not exist in the human retina.

Chromosomal localization. Radiation hybrid anal-
ysis was performed to identify the chromosomal locus
of the IPM 200 gene, herein referred to as IMPG2. The
results of this assay indicate that the IMPG2 locus is
on chromosome 3, between markers WI-3277 and
NI1B1880 (LOD >3.0) (Figure 6). This location has been
confirmed by fluorescent in situ hybridization (FISH)
analyses of human metaphasic chromosomes. Initial
analyses indicated that IMPG2 probes hybridized to
the proximal arm of chromosome three. In subsequent
hybridizations, a genomic probe (previously mapped to
band 3p21), was shown to cohybridize on the same
chromosome as the IMPG2 probe (Figure 7). In this
experiment, 60 of 80 metaphase cells examined exhib-
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FIG. 2. Overlap of the isolated cDNA clones that encode the
complete sequence of human IPM 200.
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1 CGGGCTACTTTGAMAGGACAACCATTTTTCTTTCCGCTAATTTATAATGGTTTTGAAGTGGTTGTTCATTC TCAAACATAGACTTTITAAATGTTAGG TCTTTCCTATAACTCTTTGTTATTGGAAGT TTCAAGGATTTGGACACTCAATT

151 AAGGATTCTGTCCTCTCCTCATTCCTTTGGTTTTGGCCCAAATGATTATGTTTCCTC TTTTTCGGAAGATTTCTCTGGGTATT TTGATATITGTCCTGATAGAAGCAGACT TTCCATCATTAACAGCACARACCTACTTATCTATAGAGG
M I M F PLF G KISUL GGIULIUPFUVLIESGDTFZPSULTAQQTYUL S TIE

301 AGATCCAAGAACCCAAGAGTGCAGTTTCTTTTCTCCTGCCTGARGARTCAACAGACCTTTC TCTAGCTACCAARAAGARACAGCCTCTGGACCGCAGAGAAACTGAAAGACAGTGGTTAATCAGAAGGCGGAGATCTATTC TGTTTCCTA
E I Q.E P K $ AV S F L LPETESTDILSULATTZ KT KT KSOQPILDRZERETEH RZ QWILTIHZRIRTI ERT RTSESII L F P

451 ATGGAGTGAAAATCTGCCCAGATGAAAGTGTTGCAGAGGCTGTGGCAAATCATGTGAAGTATTTTAAAGTCCGAL TGTCAGGAAGCTCTCTGGGAAGCC TTCAGGACTTTT T ATCGACTTCCTGGGCGTGAGGAATATCATTACT
N 6 VvV K I ¢ PIDE S V A E AV A NHUVYVY K Y F KV RIJVvC QEAV W EATFRTT FWDRULUPGRETEYHY

601 GGATGAATTTGTGTGAGGATGGAGTCACAAGTATATTTGAAATGGGCACAAATTTTAGTGAATCTGTGGAACATAGAAGCTTAATCATGAAGAAACTGACTTATGCAAAGGAAAC TGTAAGCAGC TCTGAACTGTCTTC TCCAGTTCCTG
WMNLCEDGVTSII-‘EMGTNFSESVEHRSLIMKKLTFAKE}"TVSSSELSSPV'P

A *
751 TTGGTGATACTTCAACATTGGGAGACACTACTCTCAGTGTTCCACATCC, GCCTATGAAGGTGCCTCAGAGAGCAGCTTGGAAAGGCCAGAGGAGAGTATTAGCAATGAAATTGAGAATGTGATAGAAGAAGCCACAAANC
v ¢6¢DTsSTULGDTTULSVPHPEUVDHAYEGGASESSULET RZPETESTISNETITENVIETE- ATK
*

801 CAGCAGGTGAACAGATTGCAGAATTCAGTATCCACCTTITGGGGAAGCAGTACAGGGAAGAACTACAGGATTCCTCCAGCTTTCACCACCAGCACCTTGAAGAAGAATTTA TT TCAGAGGT TGAARATGCATTTACTGGGTTACCAGGCT
P A G EQ I 2 ETF I HULULGI KU QYR REETULOQTDSS ST FHHOQHTLETETETFTISEVENA RATFTSGTULUPG

1051 ACAAGGAAATTCGTGTACTTGAATTTAGGTCCCCCAAGGAARATGACAGTGGC GTAGATGTTTACTATGCAGTTACCTTCAATGG TGAGGCCATCAGCAATACCACCTGGGACCTCATTAGCCTTCACTCCAACAAGGTGGAAAACCATG

¥ KX E I R§v L E F RIS P K EN D S G V DV Y Y A V T FNGEATISNTTWDILTISLHSNIEKV ENH
A A

1201 GCCTTGTGGAACTGGATGATAAACCCACTGTTGTTTATACAATCAGTAACTTCAGAGATTATATTGC TGAGACATTGCAGCAGAA TTTTTTGC TGGGGAACTC TTCCTTGAATCCAGATCC TGATTCCCTGCAGC TTATCAATGTGAGAG
G LV EL DD K?®P TV VY TISNTFI RIDY TITAETIULUGQQNTFILILGNSSLNUPUDUZPTUDSTULAQLTINTVR

A

1351 GAGTTTTGCGTCACCAAACTGAAGATCTAGTTTGGAACACCCAAAGTTCAAGTCTTCAGGCAACGCCGTCATCTATTCTGGATAATACCTTTCAAGCTGCATGGCCC TCAGCAGATGAATC CATCACCAGCAGTATTCCACCACTTGATT
G VL RHQTEUDTIELV WNTOQSS SLQATZPSSTIILUDNTTFOQAARA®MWPSADES STITSSTIUPUPTILD

* * * %

1501 TCAGCTCTGGTCCTCCCTCAGCCACTGGCAGGGAACTCTGCGTCAGAAAGTCCTTTGGGTGATTTAGTGTCTACACACAAATTAGCCTTTCCCTCGAAGATGGGCC TCAGCTCTTCCCCAGAGGTTTTAGAGGTTAGCAGCTTGACTCTTC

F 8 S G P PSS ATGRETLWSESPILGDULV STHI KTLATFUZPSI KMGLSS$SPEVLEVY S SLTTL
* ¥ *

1651 ATTCTGTCACCCCGGCAGTGCTTCAGACTGGCTTGCCTGCTGGCTTCTGAGGARAAGGACTTC TGGATCTCACTTGGTAGAAGATGGATTAGC CAATGT TGAAGAGT CAGAAGAT TTTCTTTC TATIGATTCATTGCCTTCAAGTTCATTCA

H sV TPAVL Q¢QTGLUPVASEERTSG S HL VEDSGLANVYVETESEHDTFULSIDSULPS S 8§ F
* *

1801 CTCAACCTGTGCCAAAAGARACAATACCATCCATGGAAGACTCTGATGTGTCCTTAACATCTTCACCATATCTGACCTCTTCTATACCTTTTGGC TTGGACTCCTTGACCTCCAAAGTCAAAGACCAATTAAAAGTGAGCCCTTTCCTGE
T Q PV P KETTIUPSMEDSTDVSL TS SPYLTSSTIUPTFGLDSILTSZ XUV KDL K VS PFL
* *

1951 CAGATGCATCCATGGAAAAAGAGTTAATATTTGACCGTGGTTTAGGTTCAGGGTCTGGGCAARAGGTAGATCTGATTACTTGGCCATGGAGTGAGACTTCATCAGAGAAGAGCGCCGAACCACTGTCCAAGCCGTGGCTTGAAGATGATG
P DA SMEIKELTITFDSGSGLGS 6 S GQ KV DLTITWUPWSETSSETZ XK SATEUPTLSI KUZPUWULETDD

#*

2101 ATTCACTTTTGCCAGCTGAGATTGAAGACAAGAAACTAGTTTTAGTTGACAAAATCGATTCCACAGACCAAATTAGTAAGCACTCAAAATATGAACATGATGACAGATCCACACACTTTCCAGAGGAAGAGCCTCTTAGTGGGCCTGCTG

P s L L P AEIEUDI KU KT LV VLVDI KMDZSTUDUGQI S KHS K Y EHDD RS THT FUPETETETPTLSGUP A

2251 TGCCCATCTTCGCAGATACTGCAGCTGAATCTGCGTCTCTAACCCTCCCCAAGCACATATCAGAAGTACCTGGTGTTGATGATTGCTCAGT TACCAAAGCACC TC TTATAC TGACATCTGTAGCAATCTCTGCCTCTACTGATARATCAG

v P I FADTA A®BAMARESA ASTLTULUZPIKHTISEVZPGVYDDTCSV TI K APILTIZLTSV ATISASTTDTIK S
* *

2401 ATCAGGCAGATGCCATCCTAAGGGAGGATATGGAACAAATTACTGAGTCATCCAACTATGAATGGTTTGACAGTGAGGTTTCAATGGTAAAGCCAGATATGCAAACTTTGTGGACTATATTGCCAGAATCAGAGAGAGTTTGGACAAGAA

D QA DATIULRETUDMET QTITESSNZYZEWTFDSEV S MV KPDMZOYQTTULWTTIULUPESET RVWTR

2551 CTTCTTCCCTAGAGAAATTGTCCAGAGACATATTGGCAAGTACACCACAGAGTGCTGACAGGCTCTGGTTATCTGTGACACACTC TACCAAATTGCCTCCAAC CACAATCTCCACCCTGCTAGAGGATGAAGTAATTATGGGTGTACAGG
T $ $ L E KL &8R DILASTU®POQSADIRTLWLSUV T QST KIULUPZPTTTISTIULIULET DTEUVTIMMGUVQ
* * * % * %
2701 ATATTTCGTTAGAACTGGACCGGATAGGCACAGATTACTATCAGCCTGAGCAAGTCCAAGAGCAARATGGCAAGGTTGGTAGTTATGTGGAAATGTCAACAAGTG TTCACTCCACAGAGATGGTTAGTGTGGCTTGGCCCACAGAAGGAG
D I S L E L DRTIGTUDY Y Q PEOQV QEZ QNGI KUV G S YV EMSTSVHSTTEMV VSV AWPTE G

2851 GAGATGACTTGAGTTATACCCAGACTTCAGGAGCTTIGGTGGTTTTCTTCAGCCTCCGAGTGACTAACATGATGTTTTCAGAAGATC TG TTTAATAAAAACTCCTTGGAGTATARAGCCCTGGAGCAAAGATTCTTAGAATTGCTGGTTC
¢ D DL S YTQT S GALUVV FF S$SL RV TNMMTFSEDTULTFNIKNSULETYI KA ALEZ GQRTFILETLTLV

3001 CCTATCTCCAGTCAAATCTCACGGGGTTCCAGAACTTAGAAATCCTCAACTTCAGAAATGGCAGCATTGTGGTGARCAGTCGAATGAAGTTTGCCAATTCTGTCCCTCCTARCGTCAACAATGCGGTGTACATGATTCTGGAAGACTTTT
P YL QS8 NLTGV F QNILUETILNTFIRNSGSTIUVVNSUZ ERMIE KT FANSVYPPNUVNWNA BAVYVYYMTITILTETDTF
A A .
3151 GTACCACTGCCTACAATACCATGAACTTGGCTATTGATAARATACTCTCTTGATGTGGAATCAGGTGATGAAGCCARCCCTTGCAAGTTTCAGGCCTGTAATGAAT TTTCAGAGTGTC TGGTCAACCCCTGGAGTGGAGAAGCAAAGTGCA
¢ TTA Y NTMNILATILIDIKY S LDV ESGGDEANPUGCXFQOACNTETF.SEFEC L V N P HWH S G E_A K. C

3301 GATGCTTCCCTGGATACCTGAGTCTGGAAGAACGGCCCTGTCAGAGTCTCTGTGACCTACAGCCTGACTTCTGCTTGAATGATGGAAAGTGTGACATTATGCC TGGGCACCGGGCCATT TG TAGGTGCCGGGTGGGTGAGAACTGGTGGT
R ¢ F B 6.X LS. .E.F.R.BE.C Q s L CD.L.Q.P D EC L ND G XK C DI M P GH_ G A T CRC R Y G ENW_W

3451 ACCGAGGCAAGCACTGTGAGGAATTTGTCTCTGAGCCCGTGATCATAGGCATCACTATTGCCTCC GTGGTTGGACTTCTTGTCATCTTT TCTGCTATCATC TACTTC TTCATCAGGACTC T TCARGCACACCATGACAGGAGTGAAAGAG
Y R G X H ¢ E E F Vv g E PV I I ¢ I T I A S VvV V G L L Vv I F S A I I Y F F I R T L ©Q A HHDU R S E R

3601 AGAGTCCCTTCAGTGGCTCCAGCAGGCAGCCTGACAGCCTCTCATCTATTGAGAATGCTGTGAAGTACAACCCCGTGTATGARAGTCACAGGGCTGGATGTGAGAAGTATCAGGGACCCTATCCTCAGCATCCCTTCTACAGCTCTGCTA
E 8 P F S G S s R QPDSL S I ENA AV IKYNZPVYESHURABAGTCETZ KV YZEGZPYUPQQHTZPTF Y S S A

3751 GCGGAGACGTGATTGGTGGGCTGAGCAGAGAAGAAATCAGACAGATGTATGAGAGCAGTGAGCTTTCCAGAGAGGAAATTCAAGAGAGAATGAGAGT TTTGGAACTGTATGCCARATGATCCTGAGTTTGCAGC TTTTGTGAGAGAGCAAC
§$ G D VI GGG L S REETIRO QMY ESSELSR RETETLIQQEHZRMERVYLETLYANDTZPETFAARAMTFUVREQ

3901 AAGTGGA TTAACCAAAACTCCTGTTCTGAAACTGATTAGAAGCCTGCAGAAGATGGAGATTACTTGTTACTTATGTCATATAATTAACCTGGATT TTAAACAC TG TTGGAAGAAGAG TT TTCTATGAAAAAATTARATATAGGG
Q V E E V STOP

4051 CACACTGTTTTTTTTTCAGCTTAAGNTTTCAGAATGTAGTNAGAGATGTWMCATTTTTATTTCTATAAAGA T "GAATGCTGTGTTTAAATAATIGARAARCTACGTTAAAAMADARL 4165

FIG. 3. Nucleotide and amino acid sequences of human IPM 200. Sequences confirmed by direct amino acid sequencing are boxed. The putative
transmembrane domain is indicated by a single underline and the EGF-like domains by a broken line. The glycosaminoglycan attachment
consensus sequence is indicated by a double underline. Potential O-linked glycosylation sites are marked by asterisks, and N-linked glycosylation
consensus sequences are indicated by triangles. This sequence has been submitted to GenBank under the Accession Number AF173155.

ited specific labeling with both probes. Measurements regions. A significant degree of sequence conservation
of ten labeled chromosomes demonstrate that IMPG2 among mammalian species is further indicated by
is located on chromosome 3q at a position which corre- analyses of the amino termini of the two IPM proteo-
sponds to band 3q12.2-12.3. glycans derived from human, monkey and pig (Figure

Alignment between the human IPM 200 and rat PG  8). However, distinct and conserved amino acid substi-
10.2 amino acid sequences displays a high degree of tutions between the amino termini of IPM 150 and IPM
sequence conservation. The similarity between the two 200 can be observed (e.g., AAs 3, 6, 10, and 13). These
molecules is most pronounced in the amino and car- substitutions are conserved between the mammalian
boxy terminal regions and weakest in their central species examined.
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FI1G. 4. Hydrophobicity plot of human IPM 200, indicating a possible transmembrane domain between amino acids 1097 and 1127.

Comparison of the human IPM 200 and IPM 150
amino acid sequences reveals little overall homology
between the two molecules (Figure 9). However, both
proteins contain a highly conserved region which spans
from Leu®” to Phe*®® of IPM 200 and is located imme-
diately upstream of the EGF-like domains. A second
conserved region begins at the presumed native NH,-
terminus (Ser® of IPM 200) and extends to Pro**® of
IPM 200 (Figure 9). The core proteins of IPM 150 and
IPM 200 may assume a similar tertiary structure in
vivo. Both molecules contain numerous cysteine resi-
dues in their NH,-terminal regions, that may allow for
the formation of globular domains. Additional globular
domains, which include EGF-like domains, may be
formed at the COOH-terminus of IPM 150 and in a
region of IPM 200 which lies close to its putative trans-
membrane domain. Furthermore, there is a preponder-
ance of consensus sequences for O-linked glycosylation
sites in the central domains of the core proteins,
whereas consensus sequences for N-linked glycosylation
are more prevalent in the putative globular domains.

DISCUSSION

We report here the isolation, cloning and chromo-
somal localization of human IPM 200, which together
with a previously described retinal proteoglycan, des-
ignated IPM 150, forms a novel family of chondroitin
sulfate proteoglycans. Whereas both IPM 200 and IPM
150 are located within the retinal interphotoreceptor
matrix, they are also expressed in several non-ocular
tissues including brain and tonsillar tissue (19, 25, 40).
IPM 200 appears to be the human homologue of PG
10.2, a cDNA originally isolated from the pineal gland
of the rat (19). Both IPM 200 and PG 10.2 also display
significant sequence homology to two domains of hu-
man IPM 150.

Biochemical analyses have demonstrated that the
core protein of IPM 200 is heavily glycosylated (1, 16).
In addition to one consensus sequence for glycosami-
noglycan attachment, IPM 200 features six sites for
potential N-linked glycosylation and contains at least
twenty-three consensus sites for potential O-linked
glycosylation. Glycosylation most likely accounts for
the difference between the calculated molecular weight
of the mature protein (approximately 130 kDa) and its

observed molecular weight on SDS-PAGE gels follow-
ing enzymatic removal of attached glycosaminoglycan
moieties (approximately 200 kDa).

According to the predictions of the method of von
Heijne, removal of the signal peptide is not likely to
result in the loss of any amino acids past Ala® (26). Yet
NH,-terminal amino acid sequencing of the native IPM
200 core protein from human, monkey and pig repeat-
edly identified ser® as the first amino acid of the pro-
tein. One explanation is that IPM 200 is initially syn-
thesized as a propeptide in vivo and is subsequently
processed to yield a mature protein with ser® as its
amino terminus. It is also conceivable that the pre-
sumed amino terminus represents a site which is
highly susceptible to proteolytic degradation that oc-
curs either in vivo or during the isolation protocol.

6.2 Kb —»

FIG. 5. Northern blot depicting IPM 200 transcripts in various
ocular tissues. Only the neural retina expresses a 6.2-kb transcript
that hybridizes with an IPM 200 cDNA probe.
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Name Dist.  Data Vector
FB17G2 78.5
CHLC.GATAT71D 20.9
AFMAOS2YES 8.4
WI-3277 5.2
INPG2: 2.5
NIB1880 6.7
D3s1271 3.2
CHLC.GATA11F0 6.7
WI-5486 6.6
CHLC .GATA68D03 18.5

FIG. 6.

One of the aims of this investigation was to clarify
the molecular relationship between IPM 150 and IPM
200. The data presented herein strongly suggest that
these two proteoglycans are distinct, but related, mem-
bers of a family of glycoconjugates that are encoded by
two distinct genes. Comparison between the IPM 150
and IPM 200 amino acid sequences reveal that the core
proteins of these two molecules differ from one another
not only in their molecular weight, but also in their
amino acid sequences. In addition, IPM 200 appears to
contain a transmembrane domain which is not present
in IPM 150. We present data demonstrating that the
IPM 200 gene (IMPGZ2) is localized on chromosome
3912.2-12.3, whereas the IPM 150 gene (IMPG1) has
been previously localized to chromosome 6q13-15 (25, 27).

Data collected from previous NH,-terminal amino
acid sequencing and biochemical analyses initially sug-
gested that the IPM 150 and IPM 200 core proteins

MOLECULAR CELL BIOLOGY RESEARCH COMMUNICATIONS
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Chromosomal localization of the IPM 200 gene as determined by radiation hybrid analysis and placement of the IMPG2 gene
relative to the Whitehead Institute framework map for chromosome 3.

might be closely related (17). Yet, based on the se-
quence data presented here, only two domains share
considerable sequence homology between the two core
proteins, the first in the region of their respective
amino-termini and the second in a region toward their
respective carboxy termini, immediately upstream of
the EGF-like domains. Currently the function of these
conserved regions is unknown. However, it is remark-
able that the sequence conservation between IPM 200
and its rat homologue PG 10.2 is also particularly high
in these regions.

Based on their deduced amino acid sequences, IPM
200 and IPM 150 might assume a similar configuration
in situ. Several cysteine residues in the vicinity of their
respective amino-termini might participate in the for-
mation of globular domains. In addition, both mole-
cules possess a central domain with numerous attach-
ment sites for O-linked carbohydrate chains. In

FIG. 7. Fluorescence in situ hybridization of a genomic fragment of IMPG2 to human chromosome 3 (arrow). Localization was confirmed
by cohybridization with a second probe (arrowhead), known to localize to chromosome 3p21.
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Rat PG 10.2 S]T L|F PIN[G VR]JI[C P|SDTVAEA AV
Human IPM 200 SILFPNGVKID VAEAV
Monkey IPM 200 [x[1 L|F P[N|G V K|T|X P|D

Pig IPM 200 X|I L(F P|NIG V K|I

Human IPM 150 s|a F|F pP|TiG Vv R|VIC P|QIE SIM K Q I L
Monkey IPM 150 SAFFPTGVKVCPQMKQIL
Pig IPM 150 X|V F[F P|Y|G V K|VIX P|Q|E S|M K

FIG. 8. Alignment between human, monkey, and pig IPM 150
and IPM 200 amino termini and the deduced amino acid sequence of
rat PG 10.2. Identical residues are boxed.

addition, one or two EGF-like domains are present in
both molecules. This arrangement of domains is remi-
niscent of the lectican family of proteoglycans (28),
however neither IPM 150 nor IPM 200 contain the
lectin-like or immunoglobulin-like domains character-
istic of the lecticans. Furthermore, the amino acid se-
guences of IPM 150 and IPM 200 and those of the
members of the lectican family do not display any
significant homologies. Thus, we propose that IPM 150
and IPM 200 constitute a new family of extracellular
matrix proteins.

It has been demonstrated that the IPM chondroitin
sulfate proteoglycans mediate retinal adhesion (7, 12).

14

IFLQVQOGT .KDISINIYHSETKDIDNP...... .. PRNETTESTEKMYKMSTMRRIFDLAKH. .
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Both enzymatic (3, 4, 13) and metabolic (11) disruption
of IPM glycosaminoglycans leads to retinal detach-
ments and subsequent photoreceptor degeneration.
However, the precise molecular mechanism which me-
diates retinal adhesion has not been elucidated. The
IPM 200 core protein contains a stretch of hydrophobic
amino acids which we propose may constitute a trans-
membrane domain. Thus, IPM 200 may represent a
retinal anchor in the IPM adhesive complex. It remains
to be determined whether IPM 200 interacts directly
with a yet unidentified receptor on the surface of the
retinal pigment epithelium, or whether additional
“bridging” molecules, such as IPM 150, are involved in
this process. One potential RPE-associated ligand for
IPM 200 may be the vitronectin receptor (avB3 inte-
grin) which is present on the apical surfaces of both
RPE and photoreceptor cells (14). The IPM 200 core
protein lacks the typical vitronectin receptor binding
RGD peptide, yet binding to this integrin can be medi-
ated by several other mechanisms (29).

IPM 200 might also serve as a receptor for growth
factors and/or function as a growth factor itself. It has
been demonstrated that several growth factors, includ-

-RTKRSAFFPTGVKVCPOESMKQILDSLQAYYRLRV
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FIG. 9. Alignment between human IPM 150 (top) and human IPM 200 amino acid sequences. The entire IPM 200 amino acid sequence
is not depicted. EGF-like domains are underlined by a single line and the presumed amino-termini are underlined by a double line. Conserved
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ing bFGF, aFGF, PEDF and TGF-B bind to glycosami-
noglycans (30-32). bFGF and PEDF, in particular, re-
side within the human IPM (33, 34). It is also plausible
that the EGF-like domains of the IPM 200 core protein
support cell survival, akin to the demonstrated role of
these domains in other molecules (35, 36).

The observed homology between IPM 150 and IPM 200
suggests that these proteoglycans comprise a new family
of glycoconjugates that are conserved among mammalian
species. ldentification of the IPM 200 cDNA sequence
and localization of the IMPG2 gene to chromosome
3012.2-12.3 represent a significant steps towards eluci-
dating the molecular organization and function of the
IPM, and may prove to be helpful in elucidating the
biology of other tissues as well. Currently, no hereditary
ocular dystrophies or other diseases have been mapped to
this locus. Yet, since IPM 200 represents a significant
fraction of mMRNA transcripts produced by retinal cells
and since a number of retina-associated molecules are
responsible for various retinal degenerations and dystro-
phies (37), IMPG2 is a plausible candidate gene for in-
herited ocular disorders that have not yet been mapped,
such as age-related macular degeneration.
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