Comparison of CD45 Extracellular Domain Sequences from
Divergent Vertebrate Species Suggests the Conservation of
Three Fibronectin Type 11l Domains'?
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Mammalian CD45 is a transmembrane protein tyrosine phosphatase expressed by all nucleated cells of hematopoietic origin.
In lymphocytes, CD45 is required for Ag-induced signal transduction due to its ability to positively regulate Src family members.
The mechanisms by which CD45 function is regulated are unknown. indeed, the interactions of CD45 extracellular domains are
largely undefined. To gain insight into potentially important regions of the extracellular domain, we sought to identify conserved
features from divergent species. cDNAs encoding the putative CD45 homologue from Heterodontus francisci (horned shark)
were isolated. The cDNA sequence predicts a protein of 1200 amino acids that contains a 452-amino acid extracellular domain,
a 22-amino acid transmembrane region, and a 703-amino acid cytoplasmic domain. Alignment searches revealed that the
Heterodontus cytoplasmic domain sequence was most identical to mammalian CD45 and a transmembrane protein tyrosine
phosphatase sequence identified from chickens, ChPTPA. A dendrogram with other transmembrane protein tyrosine phos-
phatase sequences suggest that the Heterodontus and chicken sequences represents CD45 orthalogues for their respective
species. Analysis of vertebrate CD45 extracellular domain sequences indicates the conservation of three structurai regions: a
region containing potential O-linked carbohydrate sites, a cysteine-containing region, and a region containing three fibronectin
type 11l domains. For each vertebrate species, multiple isoforms are generated by alternative splicing of three exons that encode
a portion of the region containing potential O-linked glycosylation sites. These studies provide evidence for a conservation in
CD45 extracellular domain structure between divergent species and provide a basis for understanding CD45 extracellular

domain interactions.

are a large group of enzymes conserved throughout meta-

zoan evolution. Mammalian transmembrane PTPases can
be grouped into at least six subfamilies based on the identity of
PTPase domain sequences and general structural features (1, 2).
Ligands for most transmembrane PTPases have not been identi-
fied. However, members of one subfamily of transmembrane
PTPases, PTPuw and PTPk, have been shown to interact in a ho-
motypic fashion (3-5), and another transmembrane PTPase, PTP(,
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has been shown to interact with neural adhesion molecule N-CAM
via carbohydrate groups and with contactin (6, 7). Tt is possible
that other transmembrane PTPases may also bind to proteins or
carbohydrates on opposing cells and be involved in cellular rec-
ognition. Understanding the interactions of transmembrane PTPase
extracellular domains is important for determining how these en-
zymes regulate cellular physiology.

CD45 is a PTPase expressed by all nucleated cells of hemato-
poietic origin. The generation of CD45-deficient lymphocyte lines
demonstrates that CD435 expression is required for efficient signal-
ing through the Ag receptors (8~12). Further support for this idea
has come from the development of mice essentially ablated in
CD45 expression due to gene targeting (13). CD45-deficient mice
are blocked in thymocyte development and are unable to proceed
with positive selection. B cells from these mice respond poorly to
BCR cross-linking, supporting the notion that CD45 is required for
Ag-receptor signal transduction.

The block in Ag-induced signal transduction cascade in CD45-
deficient cells is apparently due to the dysregulation of Src family
members (14-16). In vitro, CD45 will dephosphorylate the nega-
tive regulatory site of p56™* and p59*” (17, 18). In CD45-deficient
cells, both p56'* and p59”" demonstrate increased phosphoryla-
tion of the negative regulatory site and accordingly, decreased ki-
nase activity. Since both of these Src family members have been
implicated in TCR signaling, it is likely that the inability to suf-
ficiently activate p56"* and p59°" results in the inability to signal
through the Ag receptor. In T cell clones, CD4S5 functions to in-
crease pS6’* kinase activity in resting cells (14, 19), suggesting
that both the phosphatase and kinase are active before stimulation.
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How CD45 extracellular domain affects cellular functions is
unknown. The extracellular domain contains numerous sites for
N-linked glycosylation, and the analysis of carbohydrate content
suggests that most sites are occupied (20). The immediate amino-
terminal region is enriched in O-linked carbohydrate sites. This
region is encoded by six exons and is approximately 200 amino
acids in length (21-23). Three of the exons are alternatively
spliced to yield as many as eight isoforms (24-27). The pattern of
isoform expression is highly regulated in lymphocyte activation
and differentiation, suggesting that the particular isoforms ex-
pressed are important to cellular responses. While the interactions
of the extracellular domain are largely undefined, it is possible that
CD45 carbohydrate groups may mediate binding to an unknown
ligand (28). Indeed, the B cell-specific transmembrane lectin,
CD22, will bind to CD45 if properly sialylated (29-31). Im-
portantly, different cell types differentially glycosylate CD45
(28, 32), suggesting that there may be specific interactions for
other lectins that have not been defined. Although the interac-
tions for different CD43 isoforms have not been defined, it has
been suggested based on differential expression of distinct
CD45 isoforms in either CD45-deficient cells or in transgenic
mice, that the expression of different isoforms affects signal
transduction through the TCR (33-36).

Human, rat, and mouse CD45 extracellular domains share only
approximately 25% identical residues (28). The domain structure
for this region is unknown although it has been previously sug-
gested to contain at least one fibronectin type I domain (37). To
gain further insights into this region, we sought to identify features
that have been conserved in divergent vertebrate species. Here we
describe the isolation of Heterodontus francisci (horned shark)
cDNAs that encode the putative CD45 orthologue.

Materials and Methods

Isolation of cDNA clones

A 1.2-kb Dra Il restriction fragment from mouse CD45 cDNA (2271-3518
bp) (25) was used to screen 5 X 10° plaques from a cDNA library derived
from Heterodontus francisci spleen (38). Filters were hybridized as de-
scribed, except that 35% formamide was used in the hybridization mixture
(39). Filters were washed at a final stringency of 7.5 mM NaCl/.75 mM
trisodium citrate/pH 7.7/00.1% SDS at 52°C. Seventeen individual clones
were isolated, of which the largest contained a 2.9-kb ¢cDNA insert. The
2.9-kb cDNA was incomplete and by comparison with mammalian CD45
¢DNAs, an estimated approximately 1 kb of additional sequence would be
required to contain the entire reading frame. To obtain the entire open
reading frame, reverse transcriptase reaction followed by rapid amplifica-
tion of cDNA ends PCR was performed. Specific oligonucleotides com-
plementing Heterodontus CD45 cDNA were used to prime Heterodontus
spleen RNA for reverse transcription according to the manufacturer’s in-
structions (Invitrogen, San Diego, CA). The reaction was initiated by add-
ing 50 U of avian myoblastosis virus reversed transcriptase (Life Science,
St. Petersburg, FL). Following cDNA synthesis, the RNA template was
degraded by the addition of 2 U RNase H for 20 min at 37°C. ¢cDNA was
purifted on a glass matrix (BIO 101, La Jolla, CA). An oligodeoxyade-
nosine extension was added to the cDNA by the addition of 1 U of terminal
deoxynucleotidyl transferase in 5 mM Tris-HCI, pH 9.0/25 mM KC1/0.75
mM MgCl,/1% Triton X-100/0.5 mM dATP for 5 min at 37°C, followed
by 10 min at 65°C. The cDNA was amplified by PCR using oligo(dT) and
a nested 3’'-derived oligo to Heterodontus CD45 cDNA. Restriction endo-
nuclease sites were incorporated into both the 5’ and 3’ oligonucleotides to
facilitate cloning. Thirty cycles were performed using the conditions of 1
min at 94°C, 1 min at 50°C, and 2 min at 72°C. Amplification with further
nested 3’ oligonucleotides was required for specificity. Three rounds of
reverse transcription-extension PCR were required to complete the isola-
tions of cDNAs containing the entire coding region.

To examine the presence of alternatively spliced isoforms, spleen RNA
was used for reverse transcriptase PCR using oligonucleotides derived to
the immediate 5’ end of the ¢cDNA and position 430-447. The reaction
was performed according to the manufacturer’s instructions (Invitrogen).

Sequence analysis of the 2.9-kb ¢cDNA clone resulted in two regions of
potential sequence ambiguity. One of these regions contained a potential
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frame shift mutation. To confirm the sequence of these two regions, oli-
gonucleotides were derived to sequences that corresponded to the 5* and 3’
boundaries of mouse exons 14 and 15. Heterodontus genomic liver DNA
(500 ng) was used as a template to hybridize to 80 ng of the oligonucleotide
primers in a buffer of 20 mM Tris-HCI, pH 8.4/50 mM KCI/1.5 mM
MgCl1,/0.2 mM dNTPs/0.1 mg of BSA per ml/0.1% Triton X-100. The
reaction was initiated with 1.25 U of Tag polymerase with 30 temperature
cycles of 94°C for 30 s, 48°C for 1 min, and 72°C for 30 s. The genomic
sequence resolved an apparent insertion of a single base that occurred
during the PCR amplification of the cDNA.

Northern blot analysis

Total mRNA from horned shark tissues was isolated using guanidinium
isothiocyanate as previously described (38, 40). Five micrograms was sep-
arated on a 1% agarose gel containing 2.2 M formaldehyde and 20 mM
3-[N-morpholine]propanesuifonic acid, pH 6.8. After extensive washing in
H,0, the gel was briefly stained with ethidium bromide, extensively washed
again, photographed, and transferred to either Nitroplus 2000 (MCI, West-
boro, MA) or nitrocellulose (Bio-Rad, Richmond, CA). Filters were pre-
hybridized overnight at 42°C in 50% formamide containing 0.75 M NaCl,
0.075 M sodium citrate, 10X Denhardt’s solution, and 50 mM sodium
phosphate, pH 5.7. Hybridization was in the same solution with the addi-
tion of 10% dextran sulfate, 0.1% SDS, and 0.1 mg herring sperm DNA.
A 2.1-kb EcoRI cDNA fragment encoding the Heterodontus PTPase do-
mains was *?P-labeled by random priming and t X 10® cpm/ml added to
the hybridization solution. After hybridizing overnight at 42°C, the filter
was washed in a final stringency of 30 mM NaCl, 3 mM sodium citrate, and
0.1% SDS at 55°C. Bands were visualized by autoradiography.

DNA sequencing

DNA fragments were subcloned into Bluescript (Stratagene, La Jolla, CA)
and sequenced on both strands by the oligonucleotide-directed priming as
previously described (25). The shark sequence was subjected to a variety
of computer-aided analysis methods (41). CLUSTALW was used for mul-
tiple sequence alignment, construction of phylogenetic trees, and boot-
strapping (42). For displaying the trees, treetool (written by Dr. M. Maci-
ukenas, EMBL, Heidelberg, Germany) was used. The alignments of the
divergent CD45 extracellular domains were further thread by hand through
the fibronectin type IlI domain consensus to adjust for maximal homology
and compatibility with structural data.

Results and Discussion
Isolation and analysis of Heterodontus cDNAs sequences

To define conserved features of CD45 extracellular domain, we
sought to compare the extracellular domain of mammalian CD45
with other vertebrate species. A Heterodontus cDNA library was
screened with a probe derived from murine CD45. Multiple cDNA
clones were isolated, of which a single clone contained the largest
inserts of 2.9 kb. By limited sequence analysis and restriction en-
donuclease digestion, the smaller cDNA clones were contained
within the 2.9-kb ¢cDNA (data not shown). The 2.9-kb cDNA insert
was subcloned and sequenced in its entirety. The largest open read-
ing frame did not contain an initiator methionine or a leader se-
quence. By comparison with mammalian CD45, it appeared that
the Heterodontus cDNA clone contained a partial fragment encod-
ing a portion of the extracellular domain, the transmembrane re-
gion, the entire cytoplasmic domain, and a portion of the 3'-un-
translated region (Fig. 1).

Northern blot analysis showed that the Heterodontus cDNA
hybridized predominately to a 5.0-kb mRNA present in spleen
but not liver or pancreas (Fig. 2). This supports the idea that the
2.9-kb ¢cDNA represents a partial cDNA fragment. The Heter-
odontus cDNA library was repeatedly screened with probes de-
rived from the 5’ region of the cDNA. However, no cDNAs that
extended further 5° were obtained. Furthermore, no other re-
lated cDNAs were obtained, suggesting that the cDNAs isolated
represent the only cross-hybridizing cDNAs in the library under
the conditions used.
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FIGURE 2. Hematopoietic expression of Heterodontus CD45
mRNA. Heterodontus total mRNA from spleen and liver (lanes 1-4) or
spleen and pancreas (lanes 5-8) were subjected to electrophoresis on
formaldehyde-denaturing agarose gels, stained with ethidium bro-
mide, photographed (/anes 3, 4, 7, and 8), and transferred to nitrocel-
lulose. Filters were hybridized with a *2P-labeled 2.1-kb cDNA probe
encompassing the 3’ end and encoding the PTPase domains. Bands
were visualized by autoradiography (lanes 1, 2, 5, and 6). Spleen
mRNA shown in lanes 1 and 3 is from a separate preparation from that
shown in lanes 5 and 7.

To obtain cDNAs encompassing the entire coding region, rapid
amplification of cDNA ends PCR was performed. Three consec-
utive rounds of extension resulted in the isolation of cDNAs that
contained an initiator methionine and predicted a long open read-
ing frame (Fig. 1). The sequence encoding the predicted initiator
methionine is flanked by a sequence that conforms to the consen-
sus sequence for initiation of translation sites (data not shown)
(43). An in-frame stop codon is located six nucleotides upstream,
further suggesting that the entire coding region was obtained. The
composite sequence of the four cDNA clones contains 3914 bp.
The length of the composite cDNA sequence differs from the
mRNA size by approximately 1 kb. By comparison to mammalian
CD45 mRNA structure, it is likely that we have not isolated
cDNAs corresponding to the 3'-untranslated region.

The predicted initiator methionine is located at position 91. The
open reading frame encodes a protein of 1200 amino acids. A
potential 23-amino acid leader sequence is present. The mature
protein is predicted to be 1177 amino acids and contain an extra-
cellular domain sequence of 452 amino acids, a 22-amino acid
transmembrane region, and a 703-amino acid cytoplasmic domain
(Fig. 3). Similar to other transmembrane PTPases, the cytoplasmic
domain contains two protein tyrosine phosphatase subdomains.

Heterodontus cytoplasmic domain sequence was compared with
other transmembrane PTPases (Fig. 4). The Heterodontus se-
quence is most closely related to mammalian CD45 cDNA se-
quences and a chicken transmembrane PTPase sequence, ChPTPA
(Fig. 4) (44). Human and Heterodontus share 76% identity in the
first PTPase domain, and 56% sequence identity in the second
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FIGURE 3. Predicted protein sequence of Heterodontus CD45. The
leader sequence is underlined. Sequences encoded by alternative
spliced exons are bracketed. Cysteine residues are indicated by a dot.
Potential N-linked carbohydrate sites are overlined. The fibronectin
type 1ll domains are boxed and lightly shaded. The transmembrane
region is boxed. The PTPase domains are boxed and darkly shaded.
Potential glycogen synthase kinase 3 and casein kinase Il sites are
underlined with a bold line. Numbering is based on the predicted
amino acid of the mature protein. The single letter amino acid code is
used.

PTPase domain (Fig. 5). The Heterodontus and ChPTPA PTPase
sequences are similarly related. The chicken PTPase sequence is
more closely related to the human than to the shark PTPase se-
quence, 84 and 76% identity for each domain, respectively.
Hallmark sequences found in mammalian CD45 but not found
in other transmembrane PTPases are contained in both the Heter-
odontus and chicken cytoplasmic domains. For example, all con-
tain an approximately 20-amino acid insertion in the second phos-
phatase domain, which is enriched in acidic residues and is a
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FIGURE 4. Dendrogram of transmembrane PTPases. Comparisons
of PTPase domains were constructed using CLUSTALW (42). Both do-
mains of Heterodontus CD45 cluster together with mammalian and
avian CD45 with high reliability (1000 is the number of bootstrap
trials). The horizontal bar indicates the fractional divergence (0.1 =
10% divergence).

potential casein kinase II phosphorylation site. Furthermore, all
contain a glycogen synthase kinase 3 site immediately preced-
ing the second phosphatase domain, and an extended carboxyl-
terminal tail of approximately 70 amino acids. The sequence
relatedness and conservation of unique features supports the
idea that the chicken and Heterodontus proteins are orthologues
of mammalian CD45.

Alternative splicing of Heterodontus CD45

Alternative splicing of exons encoding a region containing poten-
tial O-linked glycosylation sites is a feature common to mamma-
lian CD45 mRNA. For mammals, there are three exons: 4, 5, and
6 (also termed exons A, B, and C), which are alternatively spliced.
To determine whether the corresponding region in Heterodontus
CD45 is also subject to alternative splicing, sequences encoding
this region were amplified by reverse transcription reaction, fol-
lowed by PCR. Analysis of the derived cDNA clones identified
three additional isoforms (Fig. 1). From the analysis of the four
isoforms, it can be inferred that there are three exons that are
alternatively spliced. The four isoforms contain either exons ABC,
BC, C, or a deletion of all three exons. These data demonstrate that
splicing of the region encoding the O-linked carbohydrate sites is
a conserved feature of CD45 from elasmobranchs to mammals.
This strongly suggests that variation in the length of the region
containing O-linked carbohydrate sites is important to CD45
function.

Comparison of the elasmobranch, avian, and mammalian CD45
extracellular domain sequences indicates a conservation of domain
structure. To identify features of CD45 extracellular domain con-
served through evolution, the human, chicken, and horned shark
sequences were compared. Three conserved structural features
were revealed: 1) an amino-terminal region enriched in potential
O-linked carbohydrate sites that is subject to a change in length
due to alternative splicing of three exons; 2) a short cysteine-con-
taining region; and 3) a region containing three fibronectin type IIL
domains (Figs. S and 6).

For all three species, the amino-terminal region is enriched in
serines and threonines, contains multiple «-helix breaking resi-
dues, and does not contain any cysteine residues. However, there
is low sequence identity between the vertebrate sequences.

SEQUENCE COMPARISON OF CD45 EXTRACELLULAR DOMAINS

The absolute size for the amino-terminal region varies between
mammals, chicken, and horned shark (Fig. 5). The length of each
of the variable exons is markedly different between different ver-
tebrate species. Human exon 4 (A) is larger than that of rat and
mouse (28). This finding has been attributed to a change in splice
sites (45). Interestingly, in chicken CD45, there is a small exon
between exons A and B that is not apparently alternatively spliced
(44). Taken together, the data suggest that the length of the amino-
terminal regions is dynamic and changes between species. Impor-
tantly, the low sequence identity between mammals, chicken, and
Heterodontus supports the idea that the putative O-linked carbo-
hydrate structures are important for functional interactions with
potential ligands.

The putative O-linked carbohydrate region is followed by a cys-
teine-containing region. Comparisons between vertebrate CD45
sequences indicate that it is variable in length (Fig. 64) but, sig-
nificantly, there is a conserved cysteine residue at the beginning of
this region. In addition, there is an odd number of cysteine residues
in this region and the absolute number varies between one for
chicken CD45 and five for human CD45. It is possible, therefore,
that this region is linked by at least one disulfide bridge to regions
further carboxyl-terminal.

The identification of a single fibronectin type III domain in
mammalian CD45 has been previously reported. However, the
alignments were insufficient to identify additional fibronectin type
III domains (37). By comparing mammalian, avian, and elasmo-
branch CD45, the presence of two additional fibronectin type III
domains can be demonstrated (Fig. 68). Each of the three domains
contains signature amino acids found in most fibronectin type I11
domains. These domains are flanked by an amino-terminal proline
residue and either a serine or threonine carboxyl-terminal residue.
Fibronectin type III domains are composed of a series of 3-strands
that form two anti-parallel 8 sheets, similar to Ig domain structures
(46, 47). For each of the fibronectin type III domains in CDA45, six
potential B-strands can be identified, each containing sequences
similar to those found in other fibronectin type III domains. The
identification of conserved amino acids for each of the predicted
B-strands further supports the notion that each of these domains
will fold into the fibronectin type III domain structure.

Previously, it has been reported for ChPTPA that there is a re-
gion of similarity in the extracellular domain to a portion of spec-
trin (44). In making comparisons between vertebrate species, the
similarity to fibronectin type III domains is much higher, suggest-
ing that the potential for a spectrin-like domain in CD45 is not
likely to be correct.

The first fibronectin type Il domain of chicken CD4S5 is signif-
icantly longer than that found in CD45 from other species. This is
due to a large insertion found between strands ¢ and e (Fig. 68).
Interestingly, at a similar position, an insertion is also found in
mouse CD45. This insertion is not found in either rat or human
CD45 sequences, suggesting that insertion sequences are tolerated
but not necessarily essential for function. For both chicken and
mouse, the insertion sequence contains multiple cysteine residues,
suggesting that this region is stabilized by a disulfide bond(s).

Variation in length between the fibronectin type III domains is
often found in the region between the predicted B-strands. This is
the region that is predicted to vary in length between the fibronec-
tin type 1T domains of CD45 from various species. It is interesting
to note that this intra-strand region contains the placement of many
of the potential N-linked carbohydrate sites.

While the overall domain structure appears to be conserved be-
tween mammals, chicken, and horned shark CD45, sequence iden-
tity of the extracellular region is very low; only approximately
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Comparison of vertebrate CD45 extracellular domain sequences. Heterodontus CD45 sequences are compared with chicken and

human. A, Comparison of the cysteine-containing region. The sequence length and number of cysteines vary between vertebrate species. Addi-
tionally, there is poor sequence identity. Cysteine residues are highlighted and the potential N-linked carbohydrates sites are overlined. B,
Comparison of vertebrate CD45 fibronectin type Il domains. Amino acids in the majority of the domains that are either conserved or conserva-
tively substituted are highlighted. Potential N-linked carbohydrate sites are overlined. The predicted B-strands found in fibronectin type Il domains
are boxed and correspond to strands a, b, ¢, e, f, and g, which are denoted above each predicted strand. The point of the insertion found in chicken
and mouse CDA45 is designated by the open arrow. The amino acids shown in the FNIII CON line are found in most fibronectin type Il domains.

20% identical residues. However, there are a large number of N-
linked carbohydrate sites, supporting the idea that the fibronectin
type 11I domains serve as a platform for the carbohydrate groups.

The placement and number of cysteine residues is markedly
different between vertebrate species. While the avian sequences
have an additional cysteine residue near the transmembrane region,
the mammalian and horned shark sequences contain an even num-
ber of cysteine residues, consistent with the notion that most if not
all the cysteine residues in the extracellular domain will form di-
sulfide bonds. The different location of cysteine residues between
species suggests that the placement of disulfide bonds will vary
between species. Disulfide bonds are known to vary in position
between highly related domain structures (48).

It is interesting that the fibronectin type 11l domains of CD45 are
eariched in cysteine residues. This is an unusual feature not com-

monly found in other fibronectin type III domains. To our knowl-
edge, there has been only one documented example of a disulfide
bond within a fibronectin domain (49). This feature may be im-
portant in maintaining the positioning of carbohydrate structures.
Interestingly, the amino-terminal domains of some cytokine recep-
tors are similar in structure to fibronectin type III domains and
contain two to three disulfide bridges that vary in position between
different cytokine receptors (48).

The low conservation of protein sequence of vertebrate extra-
cellular domains is consistent with the idea that interactions with
potential CD45 ligands are mediated through the carbohydrate
groups. In contrast, the transmembrane and cytoplasmic domains
are more highly conserved between vertebrate species, suggesting
that protein-protein interactions for these domains may be more
important. In support of this idea, we have recently demonstrated
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that the interaction between mouse CD45 and CD45-associated
protein is through the transmembrane region (50).

Transmembrane PTPases can be grouped into at least six sub-
families. All transmembrane PTPases with a substantial extracel-
lular region contain fibronectin type III domains. The identification
of additional fibronectin type Il domains in the CD45 extracellular
regions suggests that CD45 is more similar to other transmem-
brane PTPases than previously appreciated.

In mammals, CD45 is expressed by all nucleated cells of he-
matopoietic origin. CD45 expression has not been detected on any
other cell type, suggesting that CD45 function is unique to the
immune system. Indeed, the development of CD45-deficient lines
and mice supports this conjecture (8~13). Sharks diverged from
mammals 450 million years ago. The identification of an apparent
CD45 homologue in elasmobranchs suggests that CD435 function is
required in all vertebrate immune systems and supports a model in
which all vertebrate immune systems have common regulatory
features. Interestingly, shark lymphocytes, similar to mammal
lymphocytes, contain Ag receptors (51, 52). In mammals, CD45
has been demonstrated to be essential for lymphocyte Ag receptor
signal transduction (8, 9, 11-13). Thus, it is possible that the re-
quirement for CD45 in Ag receptor signaling is a feature con-
served throughout vertebrate species.

The comparison of the avian and elasmobranch sequences with
mammalian CDA45 supports the idea that they represent CD45 or-
thologues. However, it is possible that the chicken and Heterodon-
tus sequences represent subfamily members rather than ortho-
logues. We view this to be unlikely for the following reasons. First,
the PTPase domain sequences are most closely related to each
other and contain unique features not found in other transmem-
brane PTPase sequences. Second, the alignment of the extracellu-
lar domains demonstrates similar structural features despite poor
sequence conservation. Third, the isolation of multiple cDNAs en-
coding the amino-terminal region indicates alternative splicing of
a region enriched in potential O-linked carbohydrate sites. This
feature has not been demonstrated for other transmembrane
PTPases. Fourth, Northern blot analysis suggests hematopoietic-
specific expression of the Heterodontus mRNA. The ChPTPA
mRNA also appears to be primarily expressed by hematopoietic
cells (44). Finally, repeated screening of the Heterodontus cDNA
library did not reveal other related ¢cDNAs. Indeed, no other
¢DNAs within a single species have been identified that could be
classified as a CD45 subfamily member. Thus, it appears that the
elasmobranch and avian sequences identified represent CD45 or-
thologues and that this subfamily of transmembrane PTPases may
contain only one member, CD45.
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