Proc. Natl. Acad. Sci. USA
Vol. 89, pp. 7417-7421, August 1992
Biochemistry

A human transmembrane protein-tyrosine-phosphatase, PTP¢, is
expressed in brain and has an N-terminal receptor domain
homologous to carbonic anhydrases
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ABSTRACT Protein-tyrosine-phosphatases (PTPases, EC
3.1.3.48) play a crucial role in the regulation of protein tyrosine
phosphorylation. Recently, it was found that the PTPase gene
family exhibits a large variety of different functional domains
associated with the PTPase catalytic domains. In this paper, we
report the complete cDNA sequence of a human transmem-
brane PTPase, PTP({, isolated from fetal brain cDNA libraries.
The deduced amino acid sequence of human PTP{ is composed
of a putative signal peptide of 19 amino acids, a very large
extracellular domain of 1616 amino acids, a transmembrane
peptide of 26 amino acids, and a cytoplasmic domain of 653
amino acids. The extracellular portion of human PTP{ contains
two striking structural features: the N-terminal 280-amino acid
sequence that is homologous to carbonic anhydrases (carbonate
hydro-lyase, EC 4.2.1.1), and a sequence of 1048 amino acids
without a cysteine residue. While it is unlikely that the carbonic
anhydrase-like domain of PTP{ has any carbonic anhydrase
activity, its three-dimensional structure may be quite similar to
that of carbonic anhydrases, a structure that appears ideal for
binding a small soluble ligand. The cytoplasmic portion of
human PTP{ contains two repeated PTPase-like domains,
which, when expressed in Escherichia coli, had PTPase activity
in vitro. Mutational analyses indicate that only the membrane-
proximal PTPase domain is catalytically active. Reverse tran-
scription—polymerase chain reaction analyses indicate that
human PTP{ is highly expressed in a glioblastoma cell line.

The recent identification and characterization of a family of
protein-tyrosine-phosphatases (PTPases, EC 3.1.3.48) sug-
gest that dephosphorylation as well as phosphorylation of
protein tyrosine residues plays an essential role in the regu-
lation of diverse cell activities (1, 2). Given that hyperphos-
phorylation of protein tyrosine residues can cause cell trans-
formation, it is possible that loss of PTPase activity may also
be oncogenic. Indeed, the human gene encoding a receptor-
linked PTPase, PTPy, was mapped to the chromosomal
region 3p21, which is frequently deleted in renal cell carci-
nomas and lung carcinomas (3).

To date, 15 human proteins containing PTPase domains
have been reported. Each PTPase domain consists of ~300
amino acid residues, of which about 40 are highly conserved.
Typically, any two individual PTPase domains are 30-50%
identical. Six of the cloned human PTPases are cytoplasmic
enzymes, whereas the 9 other known human PTPases are
transmembrane proteins with extracellular receptor-like re-
gions connected to cytoplasmic PTPase domains (Fig. 1)
(4-9). Four transmembrane PTPases have also been identi-
fied in Drosophila (6, 10-12). Whereas human PTPg and its
Drosophila homolog, DPTP10D, have only one PTPase do-
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FiG. 1. Comparison of human and Drosophila transmembrane
PTPases. The immunoglobulin (Ig)-like, fibronectin type III (FN-
III), carbonic anhydrase (CA), and PTPase domains are schemati-
cally represented. Thick vertical lines indicate the segments of
protein that are unique. D1 and D2, PTPase domains 1 and 2. LCA,
leukocyte common antigen; LAR, LCA-related.

main, all other transmembrane PTPases contain two highly
homologous PTPase domains, membrane-proximal domain 1
(D1) and C-terminal domain 2 (D2). However, our deletion
and mutational analyses of LCA and LAR PTPases indicated
that all of the catalytic activity was associated with D1 alone
and that a conserved cysteine residue located in D1 was
absolutely required for PTPase activity (6, 13, 14). Although
the removal of LAR D2 by deletion did not abolish the
catalytic activity of LAR D1, it did affect the substrate
preference and modulator sensitivities (13, 15).

In contrast to the highly homologous PTPase domains, the
extracellular receptor-like regions of the transmembrane
PTPases are distinct in both size and structure. For example,
the extracellular regions of LAR, PTP§, PTPu, DLAR, and
DPTP contain varying numbers of immunoglobulin (Ig)-like
domains and fibronectin type III (FN-III) domains (5-7, 9).
The combination of Ig-like domains and FN-III domains is a

Abbreviations: PTPase, protein-tyrosine-phosphatase; CA, carbonic
anhydrase; LCA, leukocyte common antigen; LAR, LCA-related;
MBP, myelin basic protein; RT-PCR, reverse transcription—
polymerase chain reaction; D1, domain 1; D2, domain 2.
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characteristic structural motif of a family of cell adhesion
molecules that includes neural cell adhesion molecule
(NCAM). Thus, PTPase activities of LAR, PTP§, PTPpu,
DLAR, and DPTP may be regulated through cell-to-cell
contact. In contrast, the extracellular regions of PTPB,
DPTP99A, and DPTP10D are composed only of FN-III
domains (7, 10-12). LCA, PTPa, and PTP¢ have extracellular
regions of various sizes with no obvious similarity to any
known proteins (4, 7).

PTP¢ and PTPy comprise another subfamily, whose PTPase
domains are 75% identical (7, 8). Here, we report the complete
amino acid sequence of human PTP{ deduced from cDNA
sequence’ and describe a type of receptor structure that is
homologous to carbonic anhydrases (CAs; carbonate hydro-
lyase, EC 4.2.1.1).

MATERIALS AND METHODS

Isolation of Human PTP{ ¢cDNA Clones. cDNA libraries
were obtained from Clontech and screened (16) with hybrid-
ization probes made from HPTP{145 or other human PTP{
cDNA clones. Nucleotide sequences were determined by the
chain termination method using genetically modified T7 DNA
polymerase, essentially as described (7, 17).

Plasmid Construction. The cytoplasmic domains of PTP{
cDNA were inserted into the prokaryotic expression vector
pKKUCI12 (6) so that the coding sequences were in frame
with the initiation ATG codon within the Ptrc promoter
region. The Cys-1913 — Ser mutant was constructed by
replacing a segment encoding human PTP¢{ D1D2 with a
synthetic oligonucleotide that contained the mutation.

Phosphatase Assay. The synthetic peptide Raytide (Onco-
gene Science, Mineola, NY) or bovine brain myelin basic
protein (MBP; Sigma) was labeled at tyrosine using
[y-32PJATP (125 Ci/mmol; 1 Ci = 37 GBq) and p56!°k tyrosine
kinase (14). Bacterial extracts were prepared as described (7).
The phosphatase assay (50 ul) contains 25 mM Hepes (pH
7.3), 5 mM EDTA, 50 mM NaCl, 2.5 ug of bovine serum
albumin, 10 mM dithiothreitol, 32P-labeled substrate (40 nCi),
and 5 ul of appropriately diluted sample to be assayed. After
30 min at 37°C, the reaction was terminated by addition of 750
ul of charcoal mixture [0.9 M HC1/90 mM sodium pyrophos-
phate/2 mM NaH,PO,/4% (vol/vol) Norit A]. Samples were
microcentrifuged, and the radioactivity in 400 ul of superna-
tant was measured.!

Detection of Human PTP{mRNA from Cell Lines by Reverse
Transcri] Chain Reaction (RT-PCR). The
T-lymphocyte line REX is from our collection. Other cell
lines were obtained from the American Type Culture Col-
lection. RNA was prepared from cultured cells by using 4 M
guanidinium isothiocyanate (18). cDNA was synthesized
using Superscript RNase H™ reverse transcriptase (Bethesda
Research Laboratories) (19). PCR was done in a 50-ul
mixture that contained 2.5 units of Tag DNA polymerase, 30
pmol of sense and antisense primers, 0.25 mM dNTPs, 10 mM
Tris*HCl (pH 8.3), 50 mM KCl, 1.25 mM MgCl,, and 0.5 ug
of gelatin. Samples were amplified using the following pro-
tocol: 1 min at 92°C, 2 min at 60°C, and 2 min at 72°C, for 35
cycles. Alter amplification, 4 ul of each sample was electro-
phoresed through a 1% agarose gel in 40 mM Tris acetate
buffer (pH 7.8) containing 2 mM EDTA and 1 ug of ethidium
bromide per ml.

The following primers were used for PCR: PTP{ sense
(positions 5716-5736), 5'-AGTGTGCAAGTGCTTGCC-
TAT-3'; PTP{ antisense (positions 6270-6250), 5'-TGCA-
GAATAGTCACTCTGCTG-3'; B-actin sense (positions 214—

¥The sequence reported in this paper has been deposited in the
GenBank data base (accession no. M93426).
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233), 5'-ATGGTGGGCATGGGTCAGAA-3’; B-actin anti-
sense (positions 1039-1019), 5'-CAGTGATCTCCTTCT-
GCATCC-3'.

RESULTS AND DISCUSSION

Isolation of Human PTP{ cDNA Clones from Fetal Brain
¢DNA Libraries. Previously, we isolated two human PTP{
cDNA clones from a fetal liver cDNA library (7). These
clones, HPTP{-145 and -147, encode only the cytoplasmic
PTPase domains and transmembrane segment of human
PTP{. To obtain further coding sequences, several human
cDNA libraries were screened for PTP{ clones. Although no
additional PTP{ clones were isolated from tonsil, placenta,
fetal kidney, and fetal lung libraries, we identified 74 PTP{
cDNA clones from two fetal brain cDNA libraries (Clontech).
Fig. 2 shows the relative sizes of representative human PTP{
cDNA clones.

Structure of PTP{. The complete nucleotide sequences of
HPTP{-145, -246, and -256, and substantial sequences of all
the other ¢cDNA clones shown in Fig. 2, were determined. By
combining these data, the entire protein-coding region and 3’
noncoding sequence including poly(A) was obtained (Fig. 3).
The human PTP{ cDNA sequence contains a long open
reading frame, nucleotides 148—7089, that encodes a protein
of 2314 amino acids. _

The N terminus of the deduced human PTP{ amino acid
sequence has a hydrophobic amino acid stretch characteristic
of a signal peptide. The most likely cleavage site predicted by
the method of von Heijne (20) is between the 19th and 20th
amino acids from the N terminus. Thus, the predicted struc-
ture of the mature human PTP{ protein consists of a 1616-
amino acid extracellular region, a 26-amino acid transmem-
brane segment, and a 653-amino acid cytoplasmic region. The
cytoplasmic region is composed of duplicated PTPase-like
domains (D1 and D2) that are highly homologous to human
PTPvy D1 and D2, respectively: amino acid identity between
PTP¢ D1 and PTPy D1 is 75.1% and that between PTP¢{ D2
and PTPy D2 is 74.9%. The amino acid sequence identity of
PTP{ to other PTPases is between 30% and 50% for both D1
and D2, with the notable exception of the D1 region of
Drosophila DPTP99A, which is 60.0% identical to human
PTP¢ D1 (10-12). In contrast, DPTP99A D2 is only 35.8%
identical to human PTP{ D2.

A computer search of the Protein Identification Resource
protein sequence data base (Release 28.0) detected signifi-
cant levels of sequence similarity between the N-terminal 280
amino acids of human PTP¢ with various CAs (Fig. 4). CAs
catalyze reversible hydration of CO; to bicarbonate ion, and
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(UT) regions. Below the restriction maps, thick lines indicate the
sizes and extents of representative HPTP{ cDNA clones. CA,
CA-like region; TM, transmembrane segment; kb, kilobases.
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: CACACATACGCACGCACGATCTCACTTCGATCTATACACTGGAGGATTAAAACAAACAAACAAAAAAACAT TTOCTTCGCTOCCOCT COCTCTOCACTC DCGC l‘“mmﬁ@

: mmmmmmmmmumfm \GACAACAGAGAAAACCAACATGTAATAGCCCAAAACAATCTOCTATCAATATTGATGAAGATCTTACACTTGTT
: A N G Y RQQRKLVEETIGMWSYTGALNO QI KNUWGHK
: cmmﬂmmumqmmmmutmmmmmmmmmfmmﬂmanw
: KYPTCNZSPKOQS8PINTIDTEDTLTOQVNVNTLIE KTI KTLIEKTPAU QG GWDI KT SLENTFTIHNTGTI KT

'ACCGTGTCAGCGGAGGAGTTTCAGAAAT GGTGTTTAAAGCAAGCAAGATAACTTTTCACTGGGGAAAATGCAATATGTCATCT GATGGATCAGAGCATAGTTTAGAAGGACAAAAATT TCCA
VEINTLTNDYRVS GGV S8 EMVVPFPFKASIKTITFPHWGI KT CNMMSSDGS EHSLEGAO QI KTPTZPL

GAGATGCAAATCTACTGCTTTGATGCGGACCGATTTTCAAGTTTT GAGGAAGCAGT CAAAGGAAAAGGGAAGTTAAGAGCTTTATCCATTTTGTTTGAGG TTGGGACAGAAGAAAATTTGGATT TCAAAGCOGATTATTGATGGAGTCGAA
EM QI YCPFDADTRPSS8SPEEAVKGIKS G KTLURALZGSTILFPFETVSGTETENTLTUDTFPFI KA ATITIDTGTVE
: AGTGTTAGTCGTTTTGGGAAGCAGGCTGCTTTAGATCCATTCATACTGT TGAACCT TCTGCCAAACTCAACTGACAAGTATTACATTTACAATGGCTCAT TGACATCT CCTCCCTGCACAGACACAGT TGACTGGATTGTTTTTAAAGAT
: 8V 8 RPGKOQAALDTPPTIULLNILTLUPNSZSTDIKTYT YT IYNGS SLTSZPZPCTDTVDWTIVEPTI KI?D
ACAGTTAGCATCTCTGAAAGCCAGT TGGCTGT T TT TTGTGAAGTTCTTACAATGCAACAATCTGGTTATGTCATGCTGAT GGACTACTTACAAAACAATT TTCGAGAGCAACAGTACAAGTTCTCTAGACAGGTGT TTTCCTCATACACT
: TV S I S E S QLAVPFCETVILTMXOQQSG YV MLMXDJYLONNVPFREAOQQYI KPS SR QVFPFS S YT
: GGAAAGGAAGAGATTCATGAAGCAGTTTGTAGT TCAGAACCAGAAAATG TTCAGGCTGACCCAGAGAATTATACCAGCCT TCTTGTTACATGGGAAAGACCTCGAGTCGTTTATGATACCATGATTGAGAAGTTTGCAGTTTTGTACCAG
G KEETIHEAVCS S EPENVYVOQADPENTYTSLLVTWEHRUPRVYVVYVYDTMNTIZETIKTPAVLYQ

cwrmcnocmmccnmmmm‘rmmmmmmamﬂmumnmmnmummmmm
33: QL DGEDO QT KHEPLTDGYOQDULGATITLNNILLTPN 8 YVLOQIVAICT G L Y G K Y 8

cmmammrummnumfnmmmmmmm
D QLI VDMPTUDNPELTUDLTPTPETLTIGTETETITIZKETEETEGIE KDTITETEGATIVNTPGHRUDS SN AT
AACCAAATCAGGAAAAAGGAACCCCAGAT TTCTACCACAACACACTACAATCGCATAGGGACGAAATACAATGAAGCCAAGACT AACCGATCCOCAACAAGAGGAAGT GAAT TCTCTOGAAAGGGTGATGTTCOCAATACATCTTTAAAT
N Q I RKKEUPOQTISTTTTHYNRTIGTIKTYNEALKTNR RSPTRGSETFSGI KU GDVPNTSTLN
\GAAAAAGATATT TCCTTGACTTCT CAGACTGTGACTGAACTGCCACCTCACACTG TGGAAGGTACTTCAGCCTCT TTAAATGATGGCTCTAAAACTGTTCTTAGATCTCCACATATG

8 T 8 Q PV TKLATEIXKDTI SLTSSQTVTELZPPHTVETGT SASTLNDTG G SIKTVTILHRTSZPUHM
CTGCAGAATCCTTAAATACAGTTTCTATAACAGAATATGAGGAGGAGAGTTTATT GACCAGTT TCAAGCT TGATACTGGAGCTGAAGATTCTTCAGGCTCCAGTCCCACAACTTCTOCTATOCCATTCATCTCTGAG

N L 8 GT AESLNTV S ITEVYETZERES SLTLT SPFIKLTUDTGAEUDS SSG S 8 P AT S8 AIUPFPTISTE
'TTTTCCTCCOGAAAACCCAGAGACAATAACATATGAT GTCCTTATACCAGAATCTGCTAGAMT GCTTCCGAAGAT TCAACTTCATCAGGTTCAGAAGAATCACTAAAGGAT CCTTCTATGGAGGGAAAT
N I 8 Q GY I F S 8 ENUPETTITZYDVILTIZPES SARNASETDS ST S S G S EESLTIEKTDUPSMKTETGN
GTGTGGTTTCOCTA mmmrmmmmmuﬂmwrmmmmwmmm
VWPFUPS STDTITAQPDVGSGRES STPTLOQTN I RV DESEIKTTIK STPF S8 AGUPVMNSQ

GGTOCCTCAGTTACAGATCTGGAAATGCCACATTA' mmmwmmmmmum
G P S VTDLEMPHYSSTPAYVPPTEVTPHAFPTZPSSRQQDILV STVNVVY S QTTAQ?P
GTATACAATGGTGAGACACCTCTTCAACCTTCCTACAGTAGTGAAGTCT T TCCTCTAGTCACCCCTTTGTTGCTTGACAATCAGATCCTCAACACT ACCCCTGCTGCT TCAAGTAG TGAT TCGGOCT T GCAT GCTACGCCTGTATTTCOC

: VY NGETUPLOQPSY S 8 EVFPLVTPLTILLDNOQITLNTTUPAAST S SDSALUHATTPVTFP

AGTGTCGAT 'TGATGGTGCACCTTTGCT T CCAT TTTCCTCTGCT TOCT TCAGTAGT GAAT TGTT TCGCCATCTGCATACAGTTTCTCAAATCCTTCCACAAGTTACTTCAGCTACCGAGAGT
8 VDV 8P E S8 I LS S YDGAZPTLTLTPTPFSSASP F S S8 ELFRUHELIHETV S QIULUPOQVTS8ATTES

%4 : GATAAGGTGCCCT TGCATGCTTCTCTGCCAGTGOCTGGGGGTGAT TTGCTATT AGAGCCCAGCOCTTGCTCAGTATT CTGATGTGCTGT CCACTACT CATGCTGCTTCAGAGACGCT GGAATTTGGTAGTGAATCTGGTGTTCTTTATAAA

51 ACGCTTATGTTTTCTCAAGTTGAACCACCCAGCAGTGATGCCATGATGCATGCACGTTCTTCAGGGCCTGAACCTTCTTATGCCTTGTCTGATAAT

DKV PLHASLZPVAGGDTULTLTLZEUZPSTLAQYSDVILSTTHAALSETTLTEVFPFGSTES SG GV VTLYK

'GAGGGCTCCCAACACATCTTCACTGTTTCTTACAGT TCTGCAATACCTGTGCAT
T LM F 8 QVEUPPS 8 DAMMUBHEARSESG?PETUPSYALSDNETGS SOQHTITPTVSY S S8 ATIUPVH
\TTCTGTGGGTGTAACTTATCAGGGTTCCTTATT TAGCGGCCCTAGCCATAT ACCAATACCTAAGTCTTCGTTAATAACCCCAACTGCATCATTACTGCAGCCTACT CATGCCCT CTCT GGTGATGGGGAATGGTCTGGAGCCTCTTCT
: D8V GVTYOQOGSLP 8 G P S HIUPTIUPKS SSLITZPTA ASULILOQPTUHA AL SGDTGTETWSGA AT S s
: GATAGTGAATTTCTTTTACCTGACACAGATGGGCTGACAGCCCTTAACATTTCTTCACCTGTTTCTGTAGCTGAATTTACATATACAA

WAMTMTAWWMTATAMM
D 8 EFLLPDTDGILTALUNTIZSSUPV SV AETFTT YTT S SVF FGDUDNI KA AL SIKT STETITIZY N E
'ACCCTTCTGAAAGCACAGTCATGCCCAACATGTATGATAATGTAAATAAGTTGAA!

CTGAACTGCAAATTCCTTCTTTCAATGAGATGGTTT: mmmmwmm
T ELQIPSPNEMVYJPSE STVMPNMYDNVNTE KTLNASLAO QET SV 8 1I S 8 TI KU GMTPFTUPG

: TCCCTTGCTCATA

91 mmfmrmrucmmamcx\nm

CCACCACTAAGGTTTTTGATCATGAGAT TAGTCAAGTTCCAGAAAATAACTTTTCAGTTCAACCTACACATACTGTCTCTCAAGCATCTGG TGACACTTCGCT TAAACCTG TOCT TAGTGCAAACT CAGAGCCAGCA
8 LAHRTTTTIXKVFPDHETIZ SO QV?PENNFPF SV QPTHTVSQASGDTSLIEKTZPVTILSANZ STETFPA
: TCCTCTGACCCTGCTTCTAGTGAAATGTTATCT CCTTCAACTCAGCTCT TATT TTATGAGACCT CAGCTTCT TT TAGTACTGAAGTAT TGCT ACAACCTTCCT T TCAGGCTTCTGATGTTGACACCTTGCTTAAAACTG TTCT TCCAGCT
: 8 8 DPAS S EML SPSTQLLTPYZETSASFPFSTEVILLUOPSPOQASDVDTTILLI KTVTLZPA

GTGCCCAGTGATCCAATATTGGTTGAAACCCOCAAAGTTGATAAAATTAGTTCTACAATGTTGCATCT CATTGTAT CAAATTCT GCTT CAAGTGAAAACATGCT GCACTCTACATCTGTACCAGTTTT TGATGTGTCGCCT.

VPS8DPILVETZPIKTVDI KTIZSSTMLHTLTIVS8NJSASSENMETLUHESTSVVPVFDVSZSPTSSH
: ATGCACTCTGCTTCACTTCAAGGTTTGACCATT TCCTATGCAAGT GAGAAATATGAACCAGTTTTGTTAAAAAGTGAAAG TTOCCACCAAGT GGTACCT T CTTTGTACAGTAATGATGAGTTGT TCCAAACGGCCAATTTGGAGATTAAC
M H S A 8L QGULTTISYASEIKTYTEZPVILTLTZIKSTE 8 HQV VP SLY S NDETLTPFOQTANLTETIN

\TGTATTTGCTACACCTGTTTTATCAAT TGATGAACCA! 'TGAAAT TTTAACCTCCACCAAAAGTTCTGTTACTGGTAAGGTATTTGCTGGT

Q AHPPKGRHEVPATPVLSTIDETPLNTTLTINIEKILTIMHSDTETITLTS SS8TI KT SS8VTGI KTV VTFAG

ATTCCAACAGTTGCTTCTGATACATTTGTATCTACTGATCA! 'ATAGGAAATGGGCATGTTGCCATTACAGCTGT T TCTCOOCACAGAGATGGTTCTGTAACCT CAACAAAGTTGCTGTT TCCT TCTAAGGCAACTTCTGAG

I PTVASDTUPV ST DHSV PIGNGHTVYVATITA AV S PHRDG SV VTS STI KTLTLTPTZPSIKH AT SE

"AGTGGGTGGTOGTGAAGATGGTGACACTGATGATGATGGTGATGATGATGATGACAGAGATAGT GATGGCTTATCCATTCATAAGTGT ATGT CATGCTCATCCTATAGAGAATCACAG

L 8 H8 AKSDAGLVGGGEDGDTDDDGDUDDUDDRTDSDGL S I HIEKTG CMZSTCZSS8S8SYTRE SO Q

’AATGAATGATTCAGACACCCACGAAAACAGTCT TATGGATCAGAATAATCCAATCTCATACTCACTATCTGAGAAT TCTGAAGAAGAT AATAGAGT CACAAGTGTATCCTCAGACAGTCAAACT GGTATGGACAGAAGTCCT

E KV M ND S DTHUEWNZSLMD OQNNZPTIGSYSL S ENJSEETUDNURVYVTSV S S D S QTGMUDR RSP
GGTAAA! 'PCAGCAAA’

'TCACCA! \TGGGCTATCCCAAAAGCACAATGATGGAAAAGAGGAAAATGACATTCAGACT GGTAGTGCTCTGCTTCCTCTCAGCCCTGAATCTAAAGCATGGGCAGTTCTGACAAGTGAT GAAGAAAGTGGATCAGGG
G K 8 P8 ANGLS QK HNDGI KTETZENDTIOQTGSALTLTPL S PESI KA AWAVLTSDETES SSGS SS8G

CAAGGTACCTCAGATAGCCTTAATGAGAATGAGACTTCCACAGATTTCAGTTT TGCAGACACTAATGAAAAAGATGCTGATGGGATCCTGGCAGCAGGTGACTCAGAAATAACTCCTGGATTCCCACAGTCCCCAACATCATCTGTTACT
Q GT 8 DS LNENZET STUDTFSPADTNEIKTDADGTITLAAGDT STETITUPGTPFUZPGQSUPT S SSVT
: AGCGAGAACTCAGAAGTGTTCCACGTTTCAGAGGCAGAGGCCAGTAATAGTAGCCATGAGT CTCGTATTGGTCTAGCTGAGGGGTTGGAATCCOGAGAAGAAGGCAGTTATACCCCTTGTGA! TTATCTGTCTA
: 8 EN S BEVFHV S EAZEALSNSSHE SRTIGTLAEGTLES SETKIKLALY I PLV IV 8 A LT P ICL
ATTCTCATCT. 'GCTTCCAGACTGCACACTTT TACT TAGAGGACAGT ACAT COOCTAGAGT TATATCCACACCTCCAACACCT ATCT TTCCAATT TCAGATGATCTCOGAGCAATTCCAATAAAG
R KCF QT AHFPFYLEDS ST SPRVISTUPZPTZPTIFPZPTIZSDUDVGATIZPTIHK
'ACTGAAGAN’ mmﬂﬂmmmmmmaﬂwmmmmm

HPF PKHV ADILUHAS SGFTE EETPETTLIKETFYOQEVOQSCTVDL I T A DS S8 NHUPUDNTIKH
mmmmmrmm&nmmmrmm mmAWAﬂmmooc

K N Y I NI VA YDHS SRVYVI KTLAMOQLAEIKDSGT KTLTTD N A NY VDGYNUR RPIKAYTIAARAMAQG
CAGCTGAAGA’ \TGATATGGGAACATAATGTGGAAGTTATTGTCATGAT. WWWTMWWM
N VEV IV MITNLTVYVEIKSGRRIEKTCDU OQYWZPADG G ST ETETYGNTF

CCACEGMA'I‘CCA \TTTCTGGAGAA!
P LK STAEDUPWRNKIW

TGTGCAAGTGCT TGCCTATTATACTGTGAGGAATTT TACTCTAAGAAACACAAAAATAAAAAA GGGCTCOCAGAAAGGAAGACCCAGTGGACGTGTGGTCACACAGTATCACTACACGCAGTGGOCTGACATG
LVTQKS8VQVLAYYTVRNPFTLRNTIEKTIIKIKSGS S QIKGRZPSGRVYVVYVTOQVYHTYTOQUWTZPDM

GGAGTACCAGAGTACTCCCTGCCAGTGCTGACCTTTGTGAGAAAGGCAGCCTA! mmmrmmwmmnnm&w@ 'ATGTTGCAGCAG
GV PEYSLPVILTPVRIEKAALAYAKRHAVGPV VYV HCSAGVGURTGT D S M L Q Q

ATTCAACACGAAGGAACTGTCAACATATT TGGCTTCTTAAAACACATOCGTTCACAAAGAAATT, acoﬂcmoccu \GAAACTGAGGTGCTGGAC
I QHEGTVNTIPGTPTLI KU HTIRSOQRNYTLVOQTETEQYJVVPFTIHDTTULVEA ATITLSIKTETTEVTLTSD
: Ammmamumnrmmmmmmmmmmmmimmmmmmw
B HA Y VNALTLTIPGTPAGIKTHKTLTEIKOQOQPOLTLSQ QSN Q Q S DY 8 AALIKUOQCNRTETIKHN
W 'I'CATWWWMWMWWATATQWANAWWMMHWTW
R T 8 8 I I PV ERSR RV GTIS SL S GEGTUDYTINA I M Y YO S NEPFTITITQHUPLTLHEHT
ATMWAWMMWTM&WAT“WWW
VM I PDGOQNMAETUDTETFVYWPNIKDTETPTINTCET STPFIKTUVTTLHM
GCTGAAGAACACAAN’ 'TGAGGAAAAACTTATAATT CAGGACTT TATCTTAGAAGCTACACAGGATGATTATGTACTTGAAGT GAGGCACT TTCAGTGTCCTAAATGGCCAAATCCAGATAGCCCCATTAGTAAAACTTTT
A EEHKCL SNETEIKTLTITIOQDTPTILEALTOQDUDYVLEVRHEPFAOQCPI KWPNZPD SSUPTISKTTF
TAAAAGAAGAAGCTGCCAATAGGGATGGGCCTATGAT TGTTCATGATGAGCATGGAGGAG TGACGGCAGGAACTTTCTGTGCTCTGACAACCCTTATGCACCAACTAGAAAAAGAAAATT CCGTGGATGTTTAC
I K EEAANRDGUPMTIVHDEUHRGGVYVTAGTTPCALTTTLMHOQLTEIKTENSVDUVY
CAGGTAGCCAAGATGATCAATCTGATGAGGCCAGGAGTCTT TGCTGACA! GCAGTATCAGT TTCTCTACAAAGTGAT CCTCAGCCTTGT GAGCACAAGGCAGGAAGAGAATCCATCCACCTCTCTGGACAGTAATGGTGCAGCATTG
Q VA KMTINILMRBRPGV VP FADTIEAQYQPLYZKT VILSTLVSTRAOQETENUTPS ST STLUDSNGA AA AL
'AGGATTCTGOCGCCAAATTTATATCATTAACAATGTGTGCCTTT TTGCAAGACTTGTAATTTACTTATTAT GTTTGAACTAAAATGATTGAATTT TACAGTAT TTCTAAGAATGGAATTGTGGTATTTTTTTC
TTTCAATTTATAGAGGTTAGGAATTCCAAACTACAGAAAATGT TTGT TTTT. \TPTTTTAGCTGTATTTGTAGCAATTATCAGGTTTGCTAGAAATATAACTTTTAATACAGTAGCCTGTAAA
+ TAAAACACTCTTCCATATGATATTCAACATTTTACAACTGCAGTATTCACCTAAAGT AGAAATAATCT GTTACTTATTGT AAAT ACTGCOCT AGTG TCTCCATGGACCAMAT TTATATTTATAATTGTAGAT TTTTATATTTTACTACTG
: AGTCAAGTTTTCTAGTTCTGTGTAATTGT TTAGTTTAATGACGTAGTTCATTAGCTGGTCT TACTCTACCAGTTTT CTGACATTGTAT TGTG TTACCTAAGTCATTAACTTTGTTT CAGCATGT AATTTTAACTTTTGTOGAAAATAGAA
'TTTTGAAAGAAGTTTTTATGAGAATAACACCT TACCAAACATTGTTCAAATGGTTTTTATCCAAGGAATTGCAAAAATAAATATAAATATT GCCATTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Fi16. 3. Nucleotide sequence of human PTP{. Translated amino acid sequence in standard one-letter code is shown below the nucleotide
sequence. The putative signal peptide and transmembrane peptide are underlined. Numbers at left refer to nucleotide positions in the total cDNA
or amino acid positions in the predicted mature protein. Three polymorphic variations have been identified: A at position 627; an extra GAT
codon between positions 4422 and 4423; and G at position 4442; *, termination codon.

their physiological functions include CO, transport by blood,
pH regulation in kidney, and CO, exchange in mitochondria
and chloroplasts. At least seven mammalian CA isozymes are
known (25). The highest level of amino acid identity (29.6%)
was found with CA VI, which is a secreted protein produced
by salivary glands (24).

In CAs, a catalytically obligatory zinc ion is bound to three
histidine residues, His-94, -96, and -119 (open circles in Fig.
4). In human PTP{, His-94 and His-119 have been changed to
threonine and glutamine, respectively, preventing the bind-

ing of zinc. Therefore, it is unlikely that human PTP{ is a
catalytically active carbonic anhydrase. However, the hu-
man PTP{ sequence contains most of the other amino acids
that are strongly conserved among CAs. Human PTP{ and
CA L II, III, and VI share the same amino acid residue at 38
positions (Fig. 4). Furthermore, two cysteine residues that
are thought to form a disulfide bond in secreted CA VI are
also conserved in PTP{ (triangles in Fig. 4).

The crystal structure of human CA II revealed that the
catalytically obligatory zinc ion resides at the bottom of a
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CA III GGPLPGPYRLRQ! 8 nm IAVIGIFLKIG HENGEFQ! KTK
CA VI eIv YIAQOMHPEWGGA SSEISGSENETVDGIRHVIRIHIVHYNS LAVLAAFVEVKNY PENTYYSNFISHLANIKYP
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F1G. 4. Alignment of the sequences of human (H) PTP¢ with human CA I, II, III, and VI (21-24). Positions where all sequences share an
identical amino acid are highlighted by boldface type. Zinc-bound histidine residues are labeled by open circles, and amino acid residues that
form the hydrogen-bond network in CAs are marked by asterisks. Cysteine residues, which in CA VI form an intramolecular disulfide bond,
are indicated by triangles. The numbers above the amino acid sequences refer to the positions in CA 1.

conical substrate binding cleft, and many amino acids sur-
rounding the cleft are involved in an extensive hydrogen-
bond network (asterisks in Fig. 4) (26). Preliminary molecular
modeling suggested that the amino acid sequence of human
PTP{ is superimposable onto the structure of CA II without
major distortion (data not shown). When the conserved
amino acids in human PTP{ were located on the CA II crystal
structure, many were found to line the inner wall of the cleft
and correspond to the positions involved in the hydrogen-
bond network. Therefore, the CA-like domain of PTP{ prob-
ably forms a deep and moderately wide hydrophobic pocket
that would be suitable as a ligand binding site (27, 28).
Because CAs bind a variety of compounds such as sulfona-
mides and aldehydes as well as carbon dioxide and bicar-
bonate, the ligand of PTP{ may have structural similarity to
these compounds. However, the hydrophobic pocket of CA
is large enough to accommodate a short peptide (27, 28).
Except for the N-terminal CA-like domain, the remainder of
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F1G. 5. (Upper) Cytoplasmic domains expressed in E. coli. The
whole PTP{ molecule is shown for comparison. Open boxes indicate
PTPase D1 and D2. Numbers above the boxes indicate the amino
acid positions. CA, CA-like region; TM, transmembrane segment.
(Lower) PTPase activity in extracts of E. coli DHB4 cells trans-
formed with expression plasmids. The amounts of the expressed
PTP{ peptide in each extract were comparable as visualized by
SDS/PAGE (data not shown). PTPase activities in serially diluted
extracts were assayed using [32P]Jphosphotyrosine-labeled Raytide
(0) or MBP (@) at 37°C for 30 min. The amount of radioactivity
released as inorganic phosphate was expressed as the percentage of
the total input radioactivity.

the extracellular region had no significant sequence similarity
to any known protein sequences. A possibly significant
feature, however, is that a 1048-amino acid stretch, amino
acids 374-1421, lacks any cysteine (see Fig. 3).

PTP{ D1 Expressed in Escherichia coli Is Catalytically
Active. To examine whether both D1 and D2 of human PTP{
have PTPase activity, we expressed the whole cytoplasmic
region (HPTP{-D1D2) or only D1 (HPTP{-D1) by using the
prokaryotic expression vector pKKUC12. We also made a
mutant of HPTP{-D1D2 that contained a Cys — Ser mutation
at the catalytically obligatory cysteine residue at position
1913 in D1 (HPTP¢{-D1D2-C1913S) (Fig. 5 Upper). The alka-
line phosphatase-defective E. coli strain DHB4 was trans-
formed with these expression plasmids, and the production of
PTP{ peptides was induced by isopropyl g-p-thiogalactoside.
The extracts prepared from the induced E. coli were serially
diluted and assayed for PTPase activities using [32P]phos-
photyrosine-labeled MBP or oligopeptide Raytide as sub-
strate. HPTP{-D1D2 and HPTP{-D1 expressed in E. coli had
PTPase activity but the C1913S mutation completely abolished
the PTPase activity of HPTP{-D1D2 (Fig. 5 Lower), suggesting
that D2 lacks PTPase activity in our in vitro assay system. These
results are consistent with the fact that human PTP{ D2 contains
a naturally occurring amino acid substitution that changes the
obligatory cysteine residue to aspartate. Therefore, these data
and our previous results on LCA and LAR (6, 13) indicate that
therole of D2 in these PTPases is regulatory rather than catalytic,
in spite of the strong similarity of the amino acid sequences
between D1 and D2. However, D2 of PTPa has been reported to
have a weak catalytic activity (29). PTP{ dephosphorylated
Raytide substantially better than MBP. Previously, we have

1.2.3::425 687 8- B:10:13
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FiG. 6. RT-PCR detection of PTP{ mRNA (A) or control g-actin
mRNA (B) in cultured human cell lines. Expected sizes of the
amplified fragments are 555 base pairs for PTP{ and 826 base pairs
for B-actin. Lanes: 1, no RNA; 2, T lymphoma REX; 3, B lymphoma
Raji; 4, glioblastoma U-373MG; S, neuroglioma H4; 6, neuroblas-
toma SK-N-SH; 7, neuroblastoma IMR-32; 8, kidney adenocarci-
noma A-704; 9, hepatoblastoma HepG2; 10, normal fetal lung cell line
FHs738; 11, intestinal smooth muscle cell line HISM.
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demonstrated that LCA PTPase also has higher activity with
Raytide than with MBP, whereas LAR, PTPa, PTPB, and PTP$
PTPases have higher activity with MBP than with Raytide, and
that such substrate specificity is conferred, at least partly, by D2
(7, 13). The catalytically inactive PTP{ D2 may also influence
substrate specificity.

Expression of PTP{ in Human Cell Lines. To identify cell
types that express PTP¢, we examined cultured human cell
lines for the presence of PTP{ mRNA by RT-PCR. cDNA
was synthesized from mRNA isolated from several cell lines,
and PTP{ sequence and control B-actin sequence were am-
plified using Tag DNA polymerase. Fig. 6 shows that a
glioblastoma cell line, U373MG, expressed PTP{ strongly;
very weak PTP{ expression was observed in several cell
lines. The large number of PTP{ cDNA clones found in brain
libraries and the high level of expression in a glioblastoma cell
line indicate that PTP{ is expressed preferentially in brain.
Elucidation of the physiological role of PTP{ in brain function
and/or development requires further study.
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