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Identification of a novel protein tyrosine phosphatase with sequence
homology to the cytoskeletal proteins of the band 4.1 family
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Abstract Use of the polymerase chain reaction (PCR) in conjunction with Southern hybridization, using probes corresponding to known phosphat-
ase sequences, resulted in the identification of rat cDNA clones encoding a novel protein tyrosine phosphatase which was termed rPTP2E. The cDNAs
comprise 5,543 bp and predict a polypeptide of 1175 amino acids possessing a single catalytic domain at its C-terminus. The N-terminal region of
the deduced polypeptide displays high sequence homology to the cytoskeleton-associated proteins of the band 4.1 family. A variant form, termed
rPTP2E], was also identified which contains the catalytic domain only. rPTP2E and rPTP2E] were expressed in various rat tissues, particularly
abundantly in adrenal glands. The catalytic domain of PTP2E was expressed in Escherichia coli and was shown to possess specific protein tyrosine
phosphatase activity. The identification of rPTP2E suggests the existence of a subfamily of band 4.1 domain-containing PTPs which may play an
important role in signalling pathway and control of cytoskeletal integrity.
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1. Introduction

Protein-tyrosine phosphatase (PTP) is a rapidly expanding
family of enzymes which can be divided into two classes: (i)
transmembrane, receptor-like and (ii) intracellular, cytosolic
PTPs. Recent advances in the identification of novel PTPs
indicate that these enzymes do not act as mere negative switches
of cellular processes or as ‘house-keeping’ enzymes antagoniz-
ing the action of PTKs; rather, they actively participate in
nearly every aspect of signal transduction. Since all PTPs iden-
tified contain a conserved PTP domain it is expected that the
characteristics of sequences other than the catalytic domain of
these enzymes probably play a major role in determining their
specific functions within the cells. Accordingly, the intracellular
enzymes can be further divided into several subfamilies based
on the nature of their distinctive non-catalytic regions. One
such subfamily of intracellular PTPs is made up of enzymes
possessing two src homology 2 (SH2) domains. Three members
of the SH2 domain-containing PTPs have been cloned. They
are PTPIC (also known as SH-PTP1, HCP, or SHP) [1-3},
PTP2C (also designated as SH-PTP2, Syp, or PTP1D) [4-7],
and Drosophila corkscrew (csw) [8]. As with other SH2 domain-
containing proteins, the SH2 domains of these PTPs bind to the
autophosphorylation sites of tyrosine kinase receptors and
other tyrosine-phosphorylated proteins, thus participating in
signal transduction pathways [6,7,9,10]. Another emerging sub-
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family of intracellular PTPs is composed of proteins possessing
a large non-catalytic segment with homology to the N-terminal
portion of the cytoskeleton-associated proteins of the band 4.1
family, which includes ezrin [11], radixin [12], and moesin [13].
This subfamily of PTPs is expanding and currently includes
PTPH1 [14], PTP-MEGt1 [15], and hPTPIE, also known as
PTP-BAS and PTPLI1 [16-18]. In this report, we describe the
identification from rat tissues of a fourth member of this band
4.1 domain-containing PTP subfamily, a cytosolic PTP which
we designated as rPTP2E.

2. Materials and methods

2.1. Isolation of rPTP2E ¢cDNA

In order to obtain novel PTP cDNA sequences, the following strategy
was employed. RNA prepared from mouse embryos (4 days) was sub-
jected to RT-PCR using a pair of degenerate oligonucleotides, derived
from two well-conserved regions of known PTPs. The sequence of the
first oligonucleotide corresponded to the amino acid sequence
DFWRMV/IWE and the second to the amino acid sequence WPDF/
HGVP. The resulting RT-PCR fragments were cloned into the pGEM-
T vector (Promega) to facilitate further manipulation. In order to elim-
inate known PTP sequences, the RT-PCR fragments were re-amplified
from individual transformed bacterial colonies, separated on an aga-
rose gel, and transferred to a nylon membrane by Southern blotting.
The membrane was hybridized with a mixture of DNA probes consist-
ing of the catalytic domains of LAR(D1), LAR(D2), HPTPa, HPTPS,
HPTPeg, PTP1C and several other known PTPs{1,19,20]. The blots were
then subjected to high stringency washes. The PCR fragments which
exhibited a weak or no signal were analyzed by DNA sequencing. Those
fragments which contained novel PTP sequences were used as probes
to screen the corresponding overlapping clones in a rat cDNA library
(Stratagene) made from decidual tissue, or in a mouse embryo cDNA
library. DNA sequencing was determined on both strands by the dide-
oxy chain-termination method (T7 Sequencing Kit; Pharmacia Inc.).
The anchor PCR was performed as described [16].

2.2. RNA isolation and Northern blot analysis
Total RNA or poly(A)" RNA was purified from rat tissues using the
standard guanidine isothiocyanate/acid-phenol method. Approxi-
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mately 20 ug total RNA (or 6 ug of poly(A)* RNA) from each tissue
was separated on a 1% (w/v) agarose-formaldehyde gel by electropho-
resis and blotted onto a nylon filter. The membrane was subsequently
hybridized with **P-labelled probes corresponding to the catalytic do-
main of rPTP2E cDNA fragment. Hybridized mRNA was detected by
autoradiography.

2.3. Expression in Escherichia coli and phosphatase assay

A segment encoding the entire catalytic domain of rPTP2E (amino
acids 834-1175) was amplified by PCR and cloned in-frame into the
bacterial expression vector pET-3c [21]. The resultant plasmid, desig-
nated pAPTP2E, was used to transform Escherichia coli BL21 (DE3)
cells. Expression of recombinant enzyme was carried out as described
[1] except that cells were cultured at 22°C and induced by 50 uM IPTG
for 24 h. The recombinant protein consists of 351 amino acids in which
the first 9 residues were derived from the vector.

For the phosphatase assay, the substrate, RCM-lysozyme (Life Tech-
nologies Inc.), was tyrosine-phosphorylated with [y-**PJATP using
p60°*° (Oncogene Science) following the manufacturer’s instructions.
The induced bacteria were centrifuged, resuspended in 25 mM Tris-
HCI, pH 8.0, and 5 mM DTT, and lysed by sonication. Activity assay
was performed by incubating crude bacterial lysates in 25 mM, pH 8.0,
5 mM DTT, 15 mM NaCl, 10 #g/ml BSA, 8 mM MgCl, and 0.77 uM
*2P-labelled RCM-lysozyme at 30°C for 30 min. The reaction was
stopped by addition of 400 ul of charcoal mixture (0.9 M HCI, 90 mM
sodium pyrophosphate, 2 mM NaH,PO,, 4% w/v Norit A). After
vortexing and centrifugation, the released radioactive P, present in the
supernatant was determined by scintillation counting. Protein determi-
nation was performed by a standard Bradford assay.

3. Results

3.1. Isolation and characterization of rPTP2E ¢cDNA

In order to identify novel PTP sequences in mRNA prepara-
tions, RT-PCR was performed using a pair of degenerate
oligonucleotide primers designed from the conserved regions of
the catalytic domains of known tyrosine phosphatases. The
amplified PCR fragments, about 250 bp in length, were cloned
into the pGEM-T vector (Promega). The putative PTP se-
quences were individually re-amplified from each clone with T7
and Sp6 primers flanking the inserts, and analyzed by Southern
blotting. The membranes were hybridized at high stringency
with a mixture of probes derived from the catalytic domains of
previously identified PTP ¢cDNAs. Clones displaying weak or
no hybridization signal were analyzed by DNA sequencing.
Out of approximately one thousand primary clones, a few ap-
peared to encode novel PTP sequences. One such identified
PCR fragment was used to screen a rat cDNA library.

Several overlapping clones were obtained which constituted
a cDNA sequence of 5,543 nucleotides. The cDNA sequence
contains a single open reading frame starting from nucleotide
266, predicting a protein of 1175 amino acid residues which we
termed rPTP2E (Fig. 1A). The absence of an N-terminal signal
peptide and putative transmembrane sequence suggests that
rPTP2E is a cytosolic PTP. The phosphatase domain, consist-
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ing of approximately 240 amino acid residues, is located at the
extreme carboxyl end of the protein. This domain shares about
40% amino acid sequence identity with the catalytic domains
of several known PTPs. The large middle portion of rPTP2E,
encompassing amino acid residues 349-916, does not contain
significant homology to known protein sequences. At the N-
terminus, a segment of about 350 amino acids displays 25-30%
identity to the N-terminal portion of the cytoskeletal protein
family, including moesin {13], ezrin [11], radixin {12], merlin
[22,23] and the protein band 4.1 [24]. This region also shares
sequence homology with three human tyrosine phosphatases,
PTPMEGI [15], PTPHI [14] and the recently cloned hPTP1E/
PTP-BAS/PTPLI1 [16-18] with 34, 30, and 25% identity, respec-
tively.

In addition to the clones encoding the 1175 amino acid poly-
peptide of rPTP2E, a related cDNA clone was also identified
from the cDNA library. This cDNA was 3064 nucleotides in
length and differed from the longer cDNA (rPTP2E) in the first
299 base pairs which were unique to the shorter sequence (Fig.
1B and Fig. 2). Starting at position 300, the sequence of this
cDNA clone was identical to that of the longer cDNA clone
rPTP2E (position 2779 to the end). The first in frame ATG
initiation codon within this shorter cDNA clone was located at
nucleotides 304-306 which corresponds to the methionine resi-
due 840 of the rPTP2E protein (nucleotides 2783-2785 of the
5.6 kb cDNA). The predicted protein from this 3.1 kb cDNA
consists of the last 335 amino acid residues of the rPTP2E
protein, which constitute almost exclusively the catalytic do-
main. This variant polypeptide was termed rPTP2E1. To verify
the presence of the variant rPTP2E] transcripts in rat tissues,
PCR and anchor PCR were performed using reverse-tran-
scribed rat total RNA with primers specific to rPTP2E] (Fig.
2). Sequencing of both the PCR and anchor PCR products
confirmed that rPTP2E1] transcripts were indeed present in rat
RNA.

Several mouse cDNA clones homologous to PTP2E were
also identified from an embryonic mouse cDNA library. Partial
sequence determination of these clones revealed an amino acid
sequence identity of over 96% between the two species (data not
shown).

3.2. Expression of rPTP2E in rat tissues

The expression of rPTP2E in rat tissues was assessed by
Northern blot analysis (Fig. 3). Total RNA prepared from
various rat tissues was hybridized to a cDNA probe corre-
sponding to the catalytic domain. Two major species of
mRNA, 3.1 kb and 5.6 kb, were readily detected in most tissues
with the exception of the spleen. The sizes of these two major
species of mRNA were consistent with that of rPTP2E and
rPTP2E1 cDNA clones described above. The distributions of

-

Fig. 1. Nucleotide and deduced amino acid sequence of the rPTP2E and rPTP2E1 cDNAs. (A) rPTP2E. The nucleotides are numbered from the
5" end of the 5.6 kb cDNA clone. The first ATG codon in the open reading frame at position 266-268 and another ATG codon at position 27832785
which is used as the initiation codon of its variant rPTP2EI (see Fig. 1B), are shown in bold letters. The arrowhead indicates the position from which
the nucleotide sequence is identical to that of its variant rPTP2EI (see Fig. 1B). The band 4.1 domain is marked by the shaded area (amino acid
residues 9-348). The catalytic domain is presented in bold letters on a shaded background (amino acid residues 917-1175). (B) The 5’ non-coding
nucleotide sequence of tPTP2E1. The nucleotides are numbered from the 5" end of the 3.1 kb cDNA clone. The first ATG codon in the open reading
frame at position 304-306 is marked in bold letters. The number (840) in parentheses refers to amino acid residue Met-840 of rPTP2E protein in
A. The dashed lines following both the nucleotide and amino acid sequences represent their identity to the rPTP2E cDNA clone (A). The arrowhead
indicates the position from which the nucleotide sequence is identical to that of rPTP2E (starting from position 2779 in A).



D. L’Abbé et al.| FEBS Letters 356 (1994) 351-356

A
1
101
201
301
401
501
601
701
801
901
1001
1101
1201
1301
1401
1501
1601
1701
1801
1901
2001
2101
2201
2301
2401
2501
2601

1
101

201
301

CGGGCGAGCGCTAGCGGCCGCGGCGECCGCGCGGAACCCAGGCGAGGCGGGACGCAGAGCCGGAGCGCGGCCCCGACCAGGCGGGAGCCCGAGCAGCGCTG
GCGTGGATGCTCCCCATCGCTTGGTCGTTGGAGACTCGGTTGCTTTTTAATGGCAGCAGCGGCTGTTGGATGACTAGAGTTTGTTTTGACTGGAGGGTCG
CTTTTGCTTGGCACTATAACTGCTGEATTGGTCCTTCCTGGCCCTTCCACTGTTGAAGGGAGAAGATGCCACTGCCATTTGGGTTGAAA

M P L P F G L K
CCGGCGCTACACTGTGTCCAGCAAGAGCTGCCTGCTTGCACGGATCCAGCTGCTCAATAATGAGTTTGTGGAGTTCACTCTGTCCGTGGE.

5‘ ?ém‘%‘%

G B YTEPVF A S S Q DNV FVPNI KNGV FYCHS QTS L D
A@k@m&CCAAA‘I'I‘GACCTCAG’ICGCCGCATCCGCAACGGCAGCG’ICTACAGTGCACACAGTACGAACTCC'I'I‘AMCACACC’I‘CAGCCCTACC’KGCAGCC
R T Q I DL 8GRI RNUGGSV S A H N P Q P
CTCCCCTATGTCCTCCAACCCCAG’I‘A'I‘I‘CCAGGCAGCGA'ICTC}\TGAGACC‘I‘GACTACATCCCA’I‘CCCACCGGCACAGCGCC'I‘TGA‘I‘TCCCCCATCCTAC
S P M S S NP S I PGS DVMPRZPDYTIUPSHIRUHSALTIUPUZPS Y
CGCCCGACCCCTGACTACGAGAGCGTGA’I‘GAAGCGGCTCAACAGAGGCA’I’GG'I’GCA’IGCAGACAGGCATAGCCACTCGCTCAGGMCCTCAACA’I'I‘GGCA
R P T Y R M V HADURUHSH S LRNTILNTITG S
G'I'I‘CCTA‘IGCATACAGCAGGCCCGACGCC‘I'IGGTCTACAGCCAGCC’I‘GAGA'I"I‘CGGGAACACCCACACCTCGCCTCTCCCCAGTCAGCCCAC’I‘ACCCA’I‘T
S Y AY SR PDALV Y S Q PETIREUHPUHTILASP Q
TAAC’I'I\’SAACTACAG’I‘TTCCACAGCCAGGCTCCGTATCCATACCCTG’I‘GGAGAGGCGGCCTG'ICG’I\GGGCGC’IC’ICI\G'ICTCCC'IGAGC‘ICACCAATG’IC
N N Q A PY P Y PV ERI RUPUV V GAV SV PETULTNUWV
CAGC’ICCAGGCCCAGGACTACCCAGCTCCAAACA’I‘TA’I‘GAGGACCCAGG‘IGTACCGGCCGCCCCCGCCATATCC’I'I‘ACCCAAGACC’KSCCAACAGCACCC
Q L QA Q DY P A PNTITMPBRTOQV P Y P R A T P
CGGACCTATCGCGGCACC'I‘CTACATCAGCAGCAGCAA’I‘CCAGA’I‘CTCATCACCAGACGCG'I‘CCA’I‘CACTCGG’KSCAGACCTTCCAGGAGG}\C}\GC'I‘I‘GCC
b LS RHILY I $ S $ NPDU LTITRURVYVHUHSVYV (QTTFOQOEWDSTL P
CG’IGGCTCACTCTCTGCAGGAGGTGAG'I‘GAGCCCCTCACAGCAGC'I‘CGGCATGCACACCTACAG)\AGAGGAACAGTA’I‘TGAAATCGCAGGGC’I‘CACACAT
V A H S L Q E V 8 E Q N 1
GG’I'I'I‘CGAAGGCC’ICAGGCTCAAGGAGGAGACGATG’I‘CAGCCTCAGCCGCAGACG'IGGCTCCCAGGACC'I'I‘CTCAGCAGGCTCCCAGTCCAGCG’I‘C’I'I‘CT
G F EGLRULJKEETMMSASAADVAPRTTFSAGS QS S V F s
C'I\SACAAAGTGAAGCAGGAGGGAACCGAAGAGCAGGGGAG’I\GGTGGG'I‘ACAGTCACAAGAAGTCCCTTTC‘IGA’ICCCACCA’[GC'IGA’I'I‘CACAGCAGCGA
D KV K Q E G TEE Q G G G Y S H K K L S D AT L
GGAGGA'IGAGGAC’I'I‘AGAAGACGACAGCAGCAGAGAACACGC'IG’ICTC’ICAGCCCCGCC'I'I‘ACGGC'ICCT’I'I‘CTCTCAGGAACAACAGC’I‘AAACTACCCC
E D EDUL EDUD S S REUHAV S EVPRULTA AATFS OQEZGQOQTULNYTP
'ICTGCTTCAG’I\GAC’I‘CCGGTCAC’IGGCCCTC’ICCATA’I'I‘TTCGAGCCCAAGTCCCATG'I'I‘ACGGAGCCTGAGMGAGGGCAAAGGACATCAGCCC'ICTCC
A 8 VT?PVTGZ®PULUHTIVFEUPI K S HYV
ACCTGG’I‘TATGGAGACTCATCAGCCCCGAAGACA’IGGAC'I‘GC'I‘GACCCCCTCCATG’I‘CCGAGTCAGACC’I‘CACGACGTCAGGGAGGTACCGAGCTAGGAG
L VM ETHQ PRRHGILILTZP S M S ESDULTTSGUR Y R AR R

v
GGACTC’I‘C’I‘CAAGAAGAGGCCAGTGTCAGA’I‘C’I'CCTCTC'IGGGAAGMGMCACTGTGGAAGGAC’I‘I‘CCGCCACTAGGGGGMTOAAAAAGACTCGAGCA
D S L K X R P V S DL G K V EGVL P P L GG M K K TR A

GA‘ICCAAAAAAAAT'ICGCCCCC‘I‘CAAGC']CGCAL;LLL J.'(.AATGGAL TC u.u_ u; TCCCGGCTGCCCCTGCC u,ACGAAGGCAMGAAG'IGTCCACCAGAG
D A K I P L KL AALNGULSILSRULUPULUPUDETGTI KEV

CGACAAATGACGAGAGG’I‘GTAAAG'I'I‘C‘IGGAGCAGCGG'I'I‘AGAGCAAGGA}\CGGTCTI‘CACCGAGTA’I‘GAGAGGA’I'I‘CTGMAAAGCGGC‘IGGTI‘GA’ICG
T N D E R C K V L E Q L E QG T V F 7T Y R vV D G
CGAG'I‘GCTCAACAGC’I‘CGGCTCCCTGAAM’IGCAGAGAGAAACCGATI‘CCAAGATG’ICCTCCCCTACGA'I\’SA‘IGCCAGAG’I’GGAG’I'ICG’ICCCMCCAAG

GAGAACAACAC'IG

CACCTTTCTATGGGGACCCAATCATGTGATG TG T TACAGCTTTAAAAAGAAAAAGGAAAGAAAAGAGTGCAGCTCCCACTTTGTTCCCAGGAGTCCATG
TGGAGACCTCAACAGGAAGTGTGTAAGAGCTGAAGAAGCTAAGCATGGGGCTGAGGAGTCTGGGGACCTGGGAGAGGCCGAGGAGGCAGGTGCTGCCCTG
GCCACATCTGCCTGGTTTGCTGCACTTGCACAAGTTTTGGAGATTGTATTTTCTAGACAGTTCTCTGTCGTACTGAAGCTGCCTGGGCAGTCCCAGCCAG
CACTTAAGGCACACAGACTTCTATCTTAAACTCATATTTGATAATGCAATTTTATGACTAAATAGGGTTTTTTCTTTTTTAGCTAGAAGCTGAACTTTTC
TGTGGGACATCCACAGACCGTGTGGTTCTTGAGTACCTGTATTTAAAACCATTATTAGCTTTIGTTTAAGAACAAAAACCATGGGGGAACTAAGTCTTTT
ATTCATGAAATCCAAAACTAAAGAAAATCTAAAAGTGTTATTTTGAAACATAGAAAGCATTTTTATATTCAGAATGTTTTITTAAAAGTTATATATTTGT
ACCTTCTATATTTTCCAAATAAGAGCTCCATTGTTATGACACTGAGTCAATGTAAAGTTGGGGATAAAGGCACATTATTTAAAAATC TAAGAATCAGATT
CACTATTTTTTCAGTATTATTAGTAAGCGTAAAATGAGTTTGATTTTTTTGAACATGAAAGAGCAATTGCATAGGATGGTTTTAAGCACT T TTTTGTTAA
AAATGAGTTTAATATATGTGGCTTTATATTTAAGCAACAGTGGACACTATTTCAAAGAGAAGGGCTCTGAGTACGTTCGATGACTAGGGGAAGAGGAAGT
GCTCTCGGGGCTCACCCGGAAGGTGTGGTCATTACACAAATGCAGTATTACCTATGCTCACTCGAGCGAGAGCGAGAGCTGAGATGGCGTGGAACTCAAG
GCCTGCTACCGTGATGACGGGCTTTGCTCCCTGGGGTTCTTCCTGTCTTTCTTCCCCCCACAGACAAGTCCAGGCTTACATTACCATTAGAGACCCCCGA
AGAGGCTTTGTTTCCTTTAGGTTGAAAGGAGGAAATAGTTAACGAGGTTCCTTTCCCTGAACCACAGCCCAAACTTGTGGGGCCACCAGAAATTGCTGTS
GTGTTCAGGGGGTACTTGAATTTAGCACCGTAATCCTGTCCTCCCCCAGGGTCAGTTCTAGGTACTTGGTCTCCCTTTCCATCCCATTTGGGCACATTCT
CTATTGATCAGAACCCAGGCTTGAAGTGGAAAGTGCTGTTCTTGGAGGACAAGCTGGCACCCTTAGCTGAGGTGTGTCATG TTGTCCAGTGCCCTGCATC
GTAGGCTGCCGATTCAGTGTGGACCTAGAATGTTCGACCTAGGACTAGCTTCCAATACTGTCCTGCCATCACTCTGATTTGACTTTGTGGTGAGCGTCAC
CACATGACAGGGCTGTGCCAGCCCATCGAAGCAGGACAGACACAGGTGGATTGTGCCCCAGGGTGGGATT TG TG TGCTCTATGCTCCATGTCAAGCCATG
TGAAGGTCAGGACCCTTCTGAAGCTTTTCTTCCAATGGTACGTTG TTTGAAGATGCTTTCCTGTCACACCTAAACATPTGGAAATATCCCACTGACAAGA
ACACATTGTAAAACAAAACTTTAATTAAAGAGTAATATATGGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

CATTAGCATGTTTCCATGGCCACCCGCCACCCAGGAGCTTTGACCATGGGACACTGGTTGATAAGCAGGGAATTCCATTAGAAGGCTGTTGCAGTGTCAC
GAAGCACTGAGCGACAGTAGCTTTGACTAGAGGAGARAGGGAAGCAGAGACCAACAGACTAGGGGCTTAACCCATGGCAGGAGTGGAGTCTCTCCTCCGG

v
CTGACTGAGCAGGGCGAGCTCTGCCTTGGTCAGCCCATTGACAT TTTTTTGAAAGG TG TCTGGGTACATTTTCTATG TG TG TGTAAATATTTTCTTACAG
GGAATGAARAAGACT.......
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Fig. 2. Schematic comparison of the structures of rPTP2E and rPTP2E1. The boxes represent the coding regions; the thinner boxes represent 5’ and
3’ untranslated regions. The catalytic domain, the band 4.1 domain, and the numbering of the nucleotides and amino acid residues in each clone
are indicated. Arrows indicate the positions of the primers designed for RT-PCR of rPTP2E and rPTP2E1 segments, respectively. Inset: RT-PCR

results. Lane 1, from rPTP2E (PCR1); Lane 2, from rPTP2E1 (PCR2).

the species, and the expression level of mRNA was variable
from one tissue to another. Both species of mMRNA were present
in heart, muscle and adrenal gland with the strongest signal for
both species in adrenal gland. Only the short form (3.1 kb) was
expressed in the ovary and testis, whereas brain, uterus and
lung expressed only the long form (5.6 kb). In the liver, in
addition to the long form (5.6 kb species), a 2.4 kb mRNA also
strongly hybridized to the probe. However, the corresponding
c¢DNA clones to the 2.4 kb mRNA species have not been
identified yet.

3.3. Expression of the recombinant enzyme
To investigate whether the cDNA of PTP2E encodes a func-

Fig. 3. Analysis of TPTP2E mRNA abundance by Northern blotting.
RNAs were prepared from various rat tissues. Each lane contains 20
ug of total RNA. The expressed mRNA level of rPTP2E in the tissues
was examined by hybridization with a 275 bp fragment probe prepared
from the catalytic domain (nucleotides 3206-3475) of rPTP2E (A). A
P-actin probe was used as a control to check the integrity of the mRNA
(B). The numbers on the left refer to the size of RNA markers given
in kb.

tional enzyme, the C-terminal portion of PTP2E, which con-
tains the entire catalytic domain of the phosphatase, was cloned
into the bacterial expression vector pET-3c. The recombinant
protein expressed in induced E. coli cells, although accounting
for about 15% of total bacterial cellular proteins (Fig. 4 inset,
lane +), was found to be nearly totally insoluble. The 39 kDa
band of the recombinant protein observed in induced cells
could not be detected in the supernatants by Coomassie blue-
stained SDS-PAGE (data not shown). However, the superna-
tants prepared from the induced cells harbouring pAPTP2E
plasmid displayed a more than 10-fold increase in tyrosine
phosphatase activity in comparison with that resulting from
cells transformed by the vector alone (Fig. 4) when labelled
RCM-lysozyme was used as substrate. The activity of the re-
combinant enzyme toward this substrate, although relatively
low, was nearly completely inhibited by 1 mM sodium vana-
date, a characteristic of protein tyrosine phosphatases (data not
shown). The recombinant protein did not show an apparent
activity toward p-nitrophenyl phosphate, an artificial, non-nat-
ural substrate for protein tyrosine phosphatases. These results
indicate that PTP2E may specifically interact with its physio-
logical substrate(s).

4. Discussion

To identify novel PTP sequences we have used known PTP
probes hybridized to cloned RT-PCR fragments on Southern
blots. Out of several hundred primary candidates, one PCR
fragment did not hybridize to the probes used. Nucleotide se-
quence analysis confirmed that this PCR fragment corre-
sponded to a new PTP sequence. Screening a rat cDNA library
with this PCR fragment as a probe resulted in the identification
of several overlapping clones encoding a new soluble phosphat-
ase which we termed rPTP2E. A variant of rPTP2E, termed
rPTP2E1, was also identified. rPTP2EI] is a truncated version
of rPTPI1E containing almost exclusively the phosphatase cata-
lytic domain of rPTP2E. This variant appears to be produced
by the transcription of the same gene, 5 but from a different
promoter, and a new site of initiation, since the 5’ non-coding
region of the cDNA is completely different from that encoding
the larger form of the protein. Northern blot analysis revealed
the presence of three rPTP2E RNA transcripts in rat tissues.
The cDNA clones of rPTP2E and rPTP2E1 correspond to the
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species of 5.6 kb and 3.1 kb mRNA, respectively. cDNA clones
corresponding to the 2.4 kb transcript observed in the liver were
not identified in the cDNA libraries screened.

The N-terminal portion of rPTP2E consisting of approxi-
mately 350 amino acid residues, displays homology to the band
4.1 protein family which includes ezrin [11], radixin [12], moesin
{13], talin [25], merkin [22-23] and three PTPs, PTPH1 [14],
PTPMEGI [15] and the recently cloned hPTP1E/PTP-BAS/
PTPL1 [16-18]. The importance of this protein family has been
emphasized recently with the finding that the tumor suppressor
neurofibromatosis type 2 gene (NF2) encodes a cytoplasmic
protein with striking sequence similarity to several members of
this protein family [22,23].

The subcellular localization of some of these proteins has
been studied. It has been shown that several members of the
band 4.1 domain-containing proteins co-localize with the corti-
cal actin cytoskeleton where they interact with both the cell
membrane and the actin cytoskeleton [26]. The presence of a
highly homologous domain in rPTP2E suggests that this phos-
phatase, as well as the other members of this subfamily of
tyrosine phosphatases, are most likely targeted to the interface
between the plasma membrane and the cytoskeleton, where
they may regulate cellular signal transduction pathways
through dephosphorylation of other proteins present within
this subcellular compartment.

During the review of this paper, the sequence of a related
protein, PTPD1, was reported by Mgller et al. [27]. Amino acid
sequence comparison revealed that rPTP2E and human PTPD1
share a great deal of sequence identity, particularly within their
N-terminal band 4.1 domains and their C-terminal catalytic
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Fig. 4. Phosphatase activity of recombinant PTP2E expressed in bacte-
ria. Phosphatase activity, expressed as increased release of P; in fiol
/min from *P-labelled RCM-lysozyme, is presented as a function of the
amount of bacterial extracts. @, cells transformed with pAPTP2E; o,
cells transformed with pET-3c vector alone. The inset shows a Coomas-
sie blue-stained gel (SDS-PAGE) of E. coli cells transformed with
pAPTP2E plasmid. Lane +, IPTG induced cells; lane —, non-induced
cells. The 39 kDa band corresponding to the recombinant enzyme is
indicated by the arrow.
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hPTPD1 411 L EQ

rPTP2E 471 SLRNLNIGSSYAYSRPDALVYSQPEIREHPHLASPQSAHYPFNLNYSFHSQAPYPYPVER
hPTPD1 471 A AQP AA C S8 PS A

rPTP2E 531 RPVVGAVSVPELTNVQLQAQDYPAPNIMRTQVYRPPPPYPYPRPANSTPDLSRHLYISSS
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hPTFD1 591 QH v S L

rPTP2E 651 RLKEETMSASAADVAPRTFSAGSQSSVFSDKVKQEGTEEQGSGGYSHKKSLSDATMLIHS
hPTPD1 651 RL E AV V P TERTQR P AEGLR G

rPTP2E 711 SEEDEDLEDDSSREHAVSE:PRLTAAFSQEQQLNYPCASV’I‘PV'IGPLHIFEPKSHVTEPEK
hPTPD1 711 E - FEEESG RAP ARAREPRPGLAQDP GCPRVLLA

rPTP2E 761 RAKDISPVHLVME’I'HQPRRHGLL’I‘PSMSESDL’I‘TSGRYRARRDSLKKRPVSDLLSGKKNT
hPTPD1 760 MM S RTTA AQR W D

rPTP2E 821 VEGLPPLGGMKKTRADAKKIGPLKLAALNGLSLSRLPLPDEGKEVSTRATNDERCKVLEQ
hPTPD1 820 v v A I
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Fig. 5. (A) Schematic comparison of the sequence homology of rPTP2E
and hPTPDI. The band 4.1 domains, the catalytic domains and the
middle portions are represented and the percentage of identity between
the segments of the two proteins is indicated. Numbers refer to the
positions of the amino acid residues of rPTP2E. (B) Detailed sequence
comparison of amino acid residues 351-906 of rPTP2E with the homol-
ogous segment of hPTPDI1. The amino acid sequences of the middle
portion of rPTP2E and hPTPDI are aligned. Only the residues of
hPTPD1 differing from those of rPTP2E are presented. The minus
symbol indicates a missing residue in hPTPDI.

domains which share 95% and 97% sequence identity, respec-
tively (Fig. 5A). There are 141 amino acid differences between
the sequences of the two proteins. However, a large proportion
of these differences is located in the middle region of the protein
where the two polypeptides have an overall 80% sequence iden-
tity. Interestingly, there is a segment in the middle portion of
the two proteins (amino acid residues 720-753 of rPTP2E)
where the two proteins display entirely different sequences (Fig.
5B). At present it is unknown whether the sequence difference
in this region of the two proteins is the result of alternative
splicing of exons within the rat and human genes. Nevertheless,
the sequence differences observed between rPTP2E and human
PTPD1 may imply the existence of yet further variation within
the subfamily of the band 4.1 domain-containing PTPs.

Acknowledgements: We thank N. Jolicoeur for art work, X. Feng, P.
Bouchard and F. Bélanger for technical assistance, and Dr. C.
Richardson, Mr. J. Vialard and Dr. R. Mosser for critical comments
on the manuscript.

References

[1] Shen, S.-H., Bastien, L., Posner, B.I. and Chrétien, P. (1991) Na-
ture 352, 736-739.

[2] Plutzki, J., Neel, B.G. and Rosenberg, R.D. (1992) Proc. Natl.
Acad. Sci. USA 89, 1123-1127.

[3] Yi, T., Cleveland, J.L. and Ihle, J.N. (1992) Mol. Cell. Biol. 12,
836-846.



356

[4] Ahmad, S., Banville, D., Zhao, Z., Fischer, E.H. and Shen, S.-H.
(1993) Proc. Natl. Acad. Sci. USA 90, 2197-2201.
[5] Freeman, R.M., Plutzki, J. and Neel, B.G. (1992) Proc. Natl.
Acad. Sci. USA 89, 11239-11243.
[6] Feng, G.-S., Hui, C.-H. and Pawson, T. (1993) Science, 259, 1607—
1611.
[7] Vogel, W., Lammers, R., Huang, J. and Ullrich, A. (1993) Science,
259, 1611-1614.
[8] Perkins, L.A., Larsen, I. and Perrimon, N. (1992) Cell 70, 225-
236.
[9] Yi, T. and Ihle, J.N. (1993) Mol. Cell. Biol. 13, 3350-3358.
[10] Kuhne, M.R., Pawson, T., Lienhard, G.E. and Feng, G.-S. (1993)
J. Biol. Chem. 268, 11479-11481.
{11] Gould, K.L., Bretscher, A., Esch, F.S. and Hunter, T. (1989)
EMBO J. 8, 4133-4142.
[12] Funamaya, N., Nagafuchi, A., Sato, N., Tsukita, S. and Tsukita,
S. (1991) 1. Cell Biol. 115, 1039-1048.
[13] Lankes, W.T. and Furthmayr, H. (1991) Proc. Natl. Acad. Sci.
USA 88, 8297-8301.
[14] Yang, Q. and Tonks, N.K. (1991) Proc. Natl. Acad. Sci. USA 88,
5949-5953.
[15] Gu, M.X,, York, J.D., Warshawsky, I. and Majerus, P.W. (1991)
Proc. Natl. Acad. Sci. USA 88, 5867-5871.

D. L’'Abbé et al.| FEBS Letters 356 (1994) 351-356

[16] Banville, D., Ahmad, S., Stocco, R. and Shen, S.-H. (1994) J. Biol.
Chem. 269, 22320-22327.

[17] Maekawa, K., Imagawa, N., Nagamatsu, M. and Harada, S.
(1994) FEBS Lett. 337, 200-206.

[18] Saras, J., Claesson-Welsh, L., Hedlin, C.-H. and Gonez, L.J.
(1994) J. Biol. Chem. 269, 24082-24089.

[19] Krueger, N. X, Streuli, M. and Saito, H. (1990) EMBOJ. 9, 3241-
3252,

[20] Streuli, M., Krueger, N.X., Tsai, A.Y. and Saito, H. (1989) Proc.
Natl. Acad. Sci. USA 86, 8698-8702.

[21] Studier, F.W., Rosenberg, A.H., Dunn, J.J. and Dubendorff, J.W.
(1990) Methods Enzymol. 185, 60-89.

[22] Trofatter, J.A. et al. (1993) Cell 72, 791-800.

[23] Rouleau, G.A. et al. (1993) Nature 363, 515-521.

[24] Conboy, J.G., Chan, J.Y., Chasis, J.A., Kan, Y.W. and
Mohandas, N. (1991) J. Biol. Chem. 266, 8273-8280.

[25] Rees, D.J., Ades, S.E., Singer, S.J. and Hynes, R.O. (1990) Nature
347, 685-689.

[26] Sato, N., Funayama, N., Nagafuchi, A., Yonemura, S., Tsukita,
S. and Tsukita, S. (1992) J. Cell Sci. 103 (Pt 1), 131-143.

[27] Mgller, N.P.H., Mgller, K.B., Lammers, R., Kharitonenkov, A.,
Sures, I. and Ullrich A. (1994) Proc. Natl. Acad. Sci. USA 91,
7477-7481.



