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ABSTRACT We have isolated a cDNA encoding a third
type of protein-tyrosine-phosphatase. We screened human
megakaryoblastic cell line (MEG-01) and umbilical vein endo-
thelial cell cDNA libraries to obtain a 3.7-kilobase cDNA
designated PTPase MEG. Northern blot analysis of MEG-01
RNA detected a 3.7-kilobase transcript, suggesting that a
full-length cDNA has been identified. PTPase MEG cDNA
contains an open reading frame of 926 amino acids. The cDNA
has a G+C-rich 5' untranslated region of 771 nucleotides that
has the potential to form stable stem-oop structures and has
two upstream ATG codons. The predicted protein (Mr =
105,910) has no apparent membrane-spanning region and
contains a single protein-tyrosine-phosphatase domain (amino
acids 659-909) that is 35-40% identical to previously described
tyrosine-phosphatase domains. The recombinant phosphatase
domain possesses protein-tyrosine-phosphatase activity when
expressed in Escherichia coli. The amino-terminal region (ami-
no acids 31-367) is 45% identical to the amino terminus of
human erythrocyte protein 4.1, a cytoskeletal protein. The
identification of a protein-tyrosine-phosphatase that is related
to cytoskeletal proteins implies that cell signaling activities
reside not only in transmembrane receptors but in cytoskeletal
elements as well.

Protein tyrosine phosphorylation is regulated by protein-
tyrosine kinase (PTKase) and protein-tyrosine-phosphatase
(PTPase) activities. Since PTIKases are implicated in cell
growth and transformation (1, 2), PTPases must have related
functions (3-5). Nonproliferating cells such as blood platelets
and neurons contain high levels of protein tyrosine phosphate
(6, 7), suggesting that tyrosine phosphorylation may serve
roles other than promoting cell growth. For example, throm-
bin, collagen, and ionophore A23187 induce protein tyrosine
phosphorylation in platelets (8-10); addition of vanadate and
molybdate to electropermeabilized platelets increases tyro-
sine phosphorylation and stimulates secretion. These effects
may result from inhibition of PTPases (11).
Two types of PTPases have been defined: transmembrane

and intracellular. The transmembrane PTPases include leu-
kocyte common antigen (LCA, CD45; ref. 12), LCA-related
molecule (LAR; ref. 13), Drosophila PTPase (DPTP; ref. 14),
several tyrosine phosphatases from human placenta (HPTP;
ref. 15), three tyrosine phosphatases from human brain
(RPTP; ref. 16), and LCA-related phosphatase (LRP; ref. 17).
LAR may function in cell adhesion or in cell-cell interac-
tions, since its extracellular domain is structurally similar to
the neural adhesion molecules N-CAM and fasciculin 11 (13).
T-cell activation and proliferation require CD45 expression
(18, 19). CD45 also activates a PTKase, pp56Ick, by dephos-
phorylating a putative negative regulatory site (20). Intracel-

lular PTPases include PTPase 1B from human placenta (21,
22), a related rat brain PTPase (23), and T-cell PTPase (24).
The biological functions of soluble PTPases are not known,
although overexpression of T-cell PTPase in BHK cells
reduces cellular protein phosphotyrosine (25).
We find that platelets contain very high levels of PTPase

activity. To characterize these enzymes we used a human
megakaryoblastic cell line (MEG-01) cDNA as a template for
polymerase chain reaction (PCR)-mediated amplification of
cDNA sequences between conserved heptapeptide se-
quences located in the catalytic domains of several PTPases.
In this way we identified several known PTPases and two
novel cDNA sequences (26). Here we report the sequence of
a novel cDNAt that was used to screen MEG-01 cell and
human umbilical vein endothelial cell (HUVEC) cDNA li-
braries. The isolated full-length cDNA clone encodes a third
type of PTPase, which contains a region that is similar to
erythrocyte protein 4.1.

MATERIALS AND METHODS
Human megakaryoblastic cell line MEG-01 was a gift from
Hidehiko Saito (Nagoya University, Nagoya, Japan). The
HUVEC cDNA library was kindly provided by Evan Sadler
(Washington University). Epidermal growth factor (EGF)
receptor was provided by Linda Pike (Washington Universi-
ty). The AZAP cDNA synthesis kit was purchased from
Stratagene. Sequenase, Taq polymerase, and 7-deaza-2'-
deoxyguanosine 5'-triphosphate were from United States Bio-
chemical. 32P-labeled deoxyribonucleotides were from ICN.
Deoxyadenosine 5'-[a-[35S]thio]triphosphate was from Amer-
sham. Oligo(dT)-cellulose was from Pharmacia. Restriction
enzymes, phage T4 DNA ligase, and Klenow fragment of
DNA polymerase I were from Bethesda Research Laborato-
ries or New England Biolabs. Oligonucleotides were synthe-
sized on an Applied Biosystems 380B DNA synthesizer in the
Washington University Protein Chemistry Facility.
PCR Amplification and Isolation of cDNA. A unidirectional

MEG-01 cell cDNA library was prepared using a AZAP
cDNA synthesis kit and 5 ,ug ofpoly(A)+ RNA from MEG-01
cells. The resultant library contains 3.6 x 106 independent
recombinants. Degenerate oligonucleotides A1, A2, and B
were designed from sequences encoding amino acids con-
served among human PTPases (17). Sense oligonucleotides
A1 and A2 were based on sequences WPDHGVP [5'-
TGGCC(A or T)GA(C or T)CA(C or T)GGAGTCCCT-3']
and WPDFGVP [5'-TGGCC(A or T)GA(C or T)TT(C or

Abbreviations: PTKase, protein-tyrosine kinase; PTPase, protein-
tyrosine-phosphatase; LCA, leukocyte common antigen (CD45);
LAR, LCA-related molecule; HUVEC, human umbilical vein endo-
thelial cell; EGF, epidermal growth factor; RCM, reduced, carbox-
amidomethylated, and maleylated.
*To whom reprint requests should be addressed.
tThe sequence reported in this paper has been deposited in the
GenBank data base (accession no. M68941).
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Protein Tyrosine Phosphatase Domain (260a

WPDHGVPEDPHLLLKLRRRVNAFSNFFSG PIVVHCSAGVG
WPDFGVPESPASFLNFLFKVRESGSLSPEHG PVVVHCSAGIG
WPDHGVPESPASFLNFLFKVRESGSLNPDHG PAVIHCSAGIG
WPDHGVPDDSSDFLDFVCHVRNKRAGKEE PVVVHCSAGIG
WPDIFGVPSSAASL IDFLRVVRNQQSLAVSNMGARSKGQCPEPPIVVHCSAGIG

FIG. 1. Diagram of a PTPase domain [260 amino
acids (aa)] showing the positions of the oligonucleo-
tides used to prime PCR. The novel sequences of two
PCR products from the MEG-01 cDNA library and
comparisons with the analogous regions of human
PTPase 1B, T-cell PTPase, and LCA are shown.

T)GGAGTCCCT-3']. Antisense oligonucleotide B was based
on the sequence HCSAGIG [5'-(C or G)CC(A or G)AT-
GCCTGCACT(A or G)CAGTG-3']. A template DNA from
the MEG-01 cDNA library (50 ng) was amplified using Taq
polymerase in the presence of 300 ng of each oligonucleotide
as described (27). The PCR cycle, repeated 30 times, con-
sisted of denaturation at 940C for 1 min, annealing at 50'C for
1 min, and extension at 720C for 1 min. The PCR products
were cloned into the Sma I site of pBluescript SK(+) plasmid
(Stratagene) (28) and sequenced.
The MEG-01 cDNA library (2 x 106 recombinants) was

screened with radiolabeled Novel-1 PCR product, and sub-
sequently it and the HUVEC cDNA library (29) were
screened with various radiolabeled partial cDNA clones as
described (28). Nucleotide sequence was determined on both
strands by the dideoxy chain-termination method. Northern
blot analysis was carried out on MEG-01 RNA (28).

Expression of Active PTPase in Escherichia coli. The 3'
portion of PTPase MEG cDNA that encoded the PTPase
domain (bases 1264-2890) was excised from the PTPase
MEG-14 clone. The resulting 1.6-kilobase (kb) cDNA frag-
ment was expressed in E. coli as described (30). Lysozyme
was reduced, carboxamidomethylated, and maleylated
(RCM lysozyme) according to Tonks et al. (21). RCM lyso-
zyme (2 mg/ml) was then labeled on tyrosine by using
[y-32P]ATP (1 mCi = 37 MBq) and EGF receptor kinase as
described (21) except that the reaction mixture did not
contain unlabeled ATP. PTPase activity was measured in 50
,l of 10 mM imidazole/HCI (pH 7.2) containing 0.1% (wt/
vol) bovine serum albumin and 0.1% (vol/vol) 2-mercapto-
ethanol. After 10 min at 30°C, 17 Al of 2.5% bovine serum
albumin was added and protein was precipitated with tri-
chloroacetic acid. Radioactivity in the supernatant was mea-
sured with a liquid scintillation counter.

RESULTS
A PCR strategy was devised to identify different types of
PTPases represented in the MEG-01 cell cDNA library.
Partially degenerate primers based on sequences that are
highly conserved among PTPases but that flank a region of
variable length and sequence were used to amplify cDNAs
for multiple enzymes in a single reaction (Fig. 1). Using

Table 1. Number of independent cDNA subclones

Apparent PCR No. of No. with identical DNA sequence
product size, clones T-cell PTPase
base pairs sequenced PTPase IB LCA Novel-1 Novel-2

107 7 3 - 2 2 -
117 6 1 - 4 1 -
123 6 4 2 - - -
153 3 - - 3

22 8 2 6 3 3

PCR was carried out using primers A1, A2, and B with MEG-01
cDNA template. The products were size-fractionated by agarose gel
electrophoresis, eluted, subcloned, and sequenced.

primers A1, A2, and B, we observed numerous PCR products
and 22 were subcloned and sequenced (Table 1). Sixteen of
the clones were identified as previously known PTPases
including T-cell PTPase, PTPase 1B, and LCA. The remain-
ing 6 encoded two sequences that we dubbed Novel-1 and
Novel-2 (Fig. 1). When we used the Novel-1 cDNA (probe I,

Fig. 2) to screen a MEG-01 cDNA library, the clone PTPase
MEG-1 was identified. This truncated clone encodes an

entire PTPase domain, a short 3' noncoding region, and a
poly(A) tail (although no polyadenylylation signal is present).
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FIG. 2. The relationship of four cDNA isolates, a partial restric-
tion map of the composite full-length PTPase MEG cDNA, and the
probes designed for screening. The thin segments indicate noncoding
sequences, and the thick segment indicates the open reading frame
that encodes PTPase MEG. Selected restriction sites are shown: E,
EcoRI; B, BamHI; H, HindIII; K, Kpn I; N, Nde I; P, Pst I; X, Xho
I. The thin open bars show the portion of the sequence contained in
each ofthe cDNA isolates: PTPase MEG-1 and PTPase MEG-14 (from
the MEG-01 library) and PTPase HE-i and PTPase HE-19 (from the
HUVEC library). All clones were sequenced on both strands.
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FIG. 3. Detection ofPTPase MEG
mRNA in MEG-01 cell RNA by blot
hybridization. Total (10 ug, lane 2)
and poly(A)+ (2 ,ug, lane 1) RNA
samples from MEG-01 cells were
electrophoresed in a 2.2 M formalde-
hyde/1% agarose gel and transferred
to a nitrocellulose filter. The cDNA
insert of the PTPase MEG-1 clone
was used to probe the RNA blot.
Mobility of RNA standards (kb) is
shown at left.

LCA:
PTPase IB:
T Cell PTPase:
NOVEL-1:
NOVEL-2:

I
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This clone (probe II) was used to isolate PTPase MEG-14, a
2-kb clone. An 800-base-pair (bp) Xho I fragment from the 5'
end of this clone (probe III) was used to screen a HUVEC
library, yielding the 3-kb clone PTPase HE-1 (Fig. 2). When
we attempted to use probe IV to further screen the HUVEC
library, false positives that did not contain a PTPase domain
were obtained, so that a combination of probes III and V was
used for further screening to isolate PTPase HE-19.
The structure of the composite 3.7-kb cDNA is outlined in

Fig. 2. Its length corresponds to the size of the mRNA

CGCCGCCGCTCCTGGCCACTGACTGGCGGCGCCTGCGCAGCCGCCATGTTCGG

ACCCGCCAGCTCACGCCGCGCAGTGCGCTTTTCCGCTCCTCGCGCCCCACCAC

GCCTGAGCGGGAGAGGAAAGAGACTTGGCTTTGGCCGCGGGGTCGGAGGATTG

CATCCCTGCAGGGAGGTAGGAGAGGTCGCCGGCTGCCCGCCTCCCTGCCACCT(

TGGCGGCTCCGGGTCGTGGCGCGACCGCTGCGGCGGCGGCTGCTCGGGGGGCG(

CGCGCCGGGGCCTCdAGGCTTTTTTTCTCCAGCCGAGAGGACGCGGCTGTGATi
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transcript detected by Northern blot hybridization of
MEG-01 poly(A)+ RNA with probes II and III (Fig. 3). The
full 3661-bp nucleotide sequence and predicted amino acid
sequence of PTPase MEG are shown in Fig. 4. Base pairs
-771 to 845 are from HUVEC cDNA clones while base pairs
846 to 2890 are from MEG-01 clones.
The cDNA predicts a protein of 926 amino acids with Mr

105,910. Amino acids 31-367 of PTPase MEG ate 45%
identical to the amino-terminal region of human erythrocyte
cytoskeletal protein 4.1 (Fig. 5). The protein is also related to

,GCAGGGTTTTGGCCTCGCCTCTCGCGAGATCGCCTCCTGTTGCTGC -673

,TTGCTATGCTGCGGCCTAGGAGAGGGGGTGTGCTTGAGGGAGGAGG -574

rGACTGAGCTCCTCTTGCACTCTCACACACAAACGCTGCCCAGGATT -475

'CAACATTGTTCTCTCAGGACTCCTGGGTCCCAGGGGTCGGAATTGG -376

;GGGCCAGGCCCCCTCCCCCACGCACTTTTGGGGGTGTGGATTATCT -277

'CCCCAGCGGCGCCGGCCCGCGGCTGCCCAGCAGCA3SCAGGTGGTGC -178

,CTGAGGTAGCCCCCCGGAGCGGCACGGAGGACGCGCTTCTCCTCTG -79

ATACGAAGACTTTGTGTGGACAGTAATGACCTCACGTTTCCGATTG 21
1 M T S R F R L

CCTGCTGGCAGAACCTACAATGTACGAGCATCAGAGTTGGCCCGAGACAGACAGCATACTGAAGTGGTTTGCAACATCCTTCTTCTGGATAACACTGTA 120
8 P A G R T Y N V R A S E L A R D R Q H T E V V C N I L L L D N T V

CAAGCTTTCAAAGTCAATAAACATGATCAGGGGCAAGTCTTGTTGGATGTCGTCTTCAAGCATCTAGATTTGACTGAGCAGGACTATTTTGGTTTACAG 219
41 Q A F X V N K H D Q G Q V L L D V V F K H L D L T E Q D Y F G L Q

TTGGCTGATGATTCCACAGATAACCCAAGGTGGCTGGATCCAAACAAACCAATAAGGAAGCAGCTAAAGAGAGGATCTCCTTACAGTTTGAACTTTAGA 318
74 L A D D S T D N P R W L D P N K P I R K Q L K R G S P Y S L N F R

GTCAAATTTTTTGTAAGTGACCCCAACAAGTTACAAGAAGAATATACAAGGTACCAGTATTTTTTGCAAATTAAACAAGACATTCTTACTGGAAGATTA 417
107 V K F F V S D P N K L 0 E E Y T R Y Q Y F L Q I K Q D I L T G R L

CCCTGTCCTTCTAATACTGCTGCCCTTTTAGCTTCATTTGCTGTTCAGTCTGAACTTGGAGACTACGATCAGTCAGAGAACTTGTCAGGCTACCTCTCA 516
140 P C P S N T A A L L A S F A V Q S E L G D Y D Q S E N L S G Y L S

GATTATTCTTTCATTCCTAATCAACCTCAAGATTTTGAAAAAGAAATTGCAAAATTACATCAGCAACACATAGGCTTATCTCCTGCAGAAGCAGAATTT 615
173 D Y S F I P N Q P 0 D F E K E I A K L H Q Q H I G L S P A E A E F

AATTACCTAAACACAGCACGTACCTTAGAACTCTATGGAGTTGAATTCCACTATGCAAGGGATCAGAGTAACAATGAAATTATGATTGGAGTGATGTCA 7714
206 N Y L N T A R T L E L Y G V E F H Y A R D 0 S N N E I M I G V M S

GGAGGAATTCTGATTTATAAGAACAGGGTACGAATGAATACCTTTCCATGGTTGAAGATTGTAAAAATTTCTTTTAAGTGCAAACAGTTTTTTATTCAA 813
239 G G I L I Y K N R V R M N T F P W L K I V K I S F K C K Q F F I Q

CTTAGAAAAGAATTGCATGAATCTAGAGAAACATTATTGGGATTTAATATGGTGAATTACAGAGCATGTAAAAATTTGTGGAAAGCATGTGTAGAACAT 912
273 L R K E L H E S R E T L L C F N M V N Y R A C K N L W K A C V E H

CACACATTCTTCCGTTTGGACAGACCACTTCCACCTCAAAAGAATTTTTTTGCACATTATTTTACATTAGGTTCAAAATTCCGGTACTGTGGGAGAACT 1011
305 H T F F R L D R P L P P Q K N F F A H Y F T L G S K F R Y C G R T

GAAGTCCAATCAGTTCAGTATGGCAAAGAAAAGGCAAATAAAGACAGGGTATTTGCAAGATCCCCAAGTAAGCCCTTGCCACGGAAATTAATGGATTGG 1110
338 E V Q S V 0 Y G K E K A N K D R V F A R S P S K P L A R K L M D W

GAAGTAGTAAGCAGAAATTCAATATCTGATGACAGGTTAGAAACACAAAGTCTTCCATCACGATCTCCACCGGGAACTCCTAATCATCGAAATTCTACA 1209
371 E V V S R N S I S D D R L E T Q S L P S R S P P G T P N H R N S T

TTCACGCAGGAAGGAACCCGGTTACGACCATCTTCAGTTGGTCATTTGGTAGACCATATGGTTCATACTTCCCCAACCGAAGTGTTTGTAAATCAGAGA 1308
404 F T Q E G T R L R P S S V G H L V b H M V H T S P S E V F V N 0 R

TCTCCGTCATCAACACAAGCTAATAGCATTGTTCTGGAATCATCACCATCACAAGAGACCCCTGGAGATGGGAAGCCTCCAGCTTTACCACCCAAACAG 1407
437 S P S S T 0 A N S I V L E S S P S Q E T P G D G K P P A L P P K 0

TCAAAGAAAAACAGTTGGAACCAAATTCATTATTCACATTCGCAACAAGATCTAGAAAGTCATATTAATGAAACATTTGATATTCCATCTTCTCCTGAA 1506
470 S K K N S W N Q I H Y S H S 0 0 D L E S H I N E T F D I P S S P E

AAACCCACTCCTAATGGTGGTATTCCACATGATAATCTTGTCCTAATCAGAATGAAACCTGATGAAAATGGGAGGTTTGGATTCAATGTAAAGGGAGGA 1605
503 K P T P N G G I P H D N L V L I R M K P D E N G R F G F N V K G G

TATGATCAGAAGATGCCTGTGATTGTGTCTCGAGTAGCACCAGGAACACCTGCTGACCTCTGTGTCCCTAGACTGAATGAAGGGGACCAAGTIGTACTG 1704
536 Y D Q K M P V I V S R V A P G T P A D L C V P R L N E G D Q V V L

ATCAATGGTCGGGACATTGCAGAACACACTCATGATCAGGTTGTGCTGTTTATTAAAGCTAGTTGTGAGAGACATTCTGGGGAACTCATGCTTCTAGTT 1803
569 I N G R D I A E H T H D Q V V L F I K A S C E R H S G E L M L L V

CGACCTAATGCTGTATATGATGTAGTGGAAGAAAAGCTAGAAAATGAGCCAGATTTCCAGTATATTCCTGAGAAAGCCCCACTAGATAGTGTGCATCAG 1902
602 R P N A V Y D V V E E K L E N E P D F 0 Y I P E K A P L D S V H Q

GATGACCATTCCCTGCGGGAGTCAATGATCCAGCTAGCTGAGGGGCTTATCACTGGAACAGTCCTGACACAGTTTGATCAACTGTATCGGAAAAAACCT 2001
635 D D H S L R E S M I 0 L A E G L I T G T V L T Q F D Q L Y R K K P

GGAATGACAATGTCCTGTGCCAAATTACCTCAGAATATTTCCAAAAATAGATACAGAGATA20CGCCTTATGATGCCACACGGGTCATTAAAAGGT2100
668 G M T M S C A K L P 0 N I S K N R Y R D I S P Y D A T R V I L K G

AATGAAGACTACATCAATGCGAACTATATA2TATGGAAATTCCTTCTTCCAGCATTATAAATCAGTACATTGCTTGTCMGGGCCATTACCACACACT2199
701 N E D Y I N A N Y I N M E I P S S S I I N Q Y I A C 0 G P L P H T

TGTACAGATTTTTGGCAGATGACTTGGGAACAAGGCTCCTCTATGGTTGTAATGTTGACCACACAAGTTGAACGTGGCAGAGTTAAATGTCACCAATAT 2298
734 C T D F W Q M T W E 0 G S S M V V M L T T Q V E R G R V K C H Q Y

TGGCCAGAACCCACAGGCAGTTCATCTTATGGATGCTACCAAGTTACCTGCCACTCTGAAGAAGGAAACACTGCCTATATCTTCAGGAAGATGACCCTA 2397
767 W P E P T G S S S Y G C Y Q V T C H S E E G N T A Y I F R K M T L

TTTAACCAAGAGAAAAATGAAAGTCGTCCACTCACTCAGATCCAGTACATAGCCTGGCCTGACCATGGAGTCCCTGATGATTCGAGTGACTTTCTAGAT 2496
800 F N Q E K N E S R P L T Q I Q Y I A W P D H G V P D D S S D F L D

TTTGTTTGTCATGTACGAAACAAGAGGGCTGGCAAGGAAGAACCCGTTGTTGTCCATTGCAGTGCTGGAATCGGAAGAACTGGGGTTCTTATTACTATG 2595
833 F V C H V R N K R A G K E E P V V V H C S A G I G R T G V L I T M

GAAACAGCCATGTGTCTCATTGAATGCAATCAGCCAGTTTATCCACTAGATATTGTAAGAACAATGAGAGATCAGCGAGCCATGATGATCCAAACACCT 2694
866 E T A M C L I E C N Q P V Y P L D I V R T M R D Q R A M M I Q T P

AGTCAATACAGATTTGTATGTGAAGCTATTTTGAAAGTTTATGAAGAAGGCTTTGTTAAACCCTTAACAACATCAACAAATAAATAAGAAAGCAAAAAG 2793
899 S Q Y R F V C E A I L K V Y E E G F V K P L T T S T N K *

ATCTGGGATATGTGTTGGA2ACTGCTTTCCCTTATGTTCACTGTGCCATAATGCTGCTCGCAGGAAATGGCATTTTACAAAAAAAAAAAAAAAAA2890

FIG. 4. Nucleotide and deduced amino acid sequence of PTPase MEG. Amino acid sequence is shown in single-letter code below the
nucleotide sequence. The major open reading frame begins at position 1. The first three in-frame ATG codons are boldface and the two short
upstream open reading frames are underscored with broken lines. A sequence predicted to form a stem-loop structure is shown with two arrows.
The sequence of the PCR product is underscored with a solid line. Numbers to the left refer to amino acid position, and those to the right indicate
nucleotide position.
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ezrin (Fig. 5), a PTKase substrate (32, 33). Amino acids
659-909 of PTPase MEG are 35-40o identical to the phos-
phatase domains of PTPase 1B, T-cell PTPase, LCA, and
LAR. The region between these two domains (amino acids
368-657) does not match any sequences in the GenBank/
EMBL data base (January 1991).
The 5' noncoding region of PTPase MEG cDNA was 771

bp and contains two short open reading frames predicting
peptides of 8 and 22 amino acids (Fig. 4). The G+C content
of this region is 65% and the region -200 to -1 contains
>80%o G+C. Several stable stem-loop structures have the
potential to form in this region; most notable are 14-bp
inverted repeats at positions -139 to -126 and -116 to -102
(Fig. 4). These can form stable stem-loops with a calculated
Gibbs energy of AG37 = -26.3 kcal/mol (-0.7 kcal/mol per
base) as analyzed using the FOLD program (34, 35). We
searched GenBank and EMBL nucleic acid data bases with
this sequence and found a 32-bp segment from the 5' un-
translated region of the human protooncogene ABL (36) that
was 75% identical (data not shown). This region ofABL may
form a stem-loop structure similar to that in PTPase MEG,
and 6 of 7 bases in the loop of the structures are identical.

Expression ofPTPaseMEG in E. coi. To determine that the
protein encoded by PTPase MEG has PTPase activity, a
1.6-kb segment from the 3' end of the cDNA that encoded the
entire PTPase domain was subcloned into the bacterial
expression vector pTrp (30). A prominent 59-kDa protein was
detected by SDS/PAGE oftotal, supernatant, and particulate
fractions of extracts ofE. coli transformed with pTrp.PTPase
MEG (data not shown). About 90% of the recombinant
protein was in the particulate fraction and was presumed to
be in inclusion bodies. Extracts expressing pTrp.PTPase
MEG contained PTPase activity as measured with [32P]phos-
photyrosine-containing RCM lysozyme as substrate; this
activity was inhibited by vanadate. Fig. 6 shows the time and
protein concentration dependence ofthe activity. Most of the
phosphatase activity was due to recombinant enzyme in the
supernatant fraction, since this fraction had twice the activity
of the particulate fraction (data not shown).

DISCUSSION
We have isolated a cDNA from human MEG-01 cell line and
HUVEC cDNA libraries that encodes a third type ofPTPase.
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FIG. 6. Dephosphorylation of [32P]phosphotyrosine-containing
RCM lysozyme as a function of E. coli protein concentration.
Various amounts of total homogenate from E. coli transformed with
pTrp or pTrp.PTPase MEG were incubated with 25,000 cpm of the
RCM lysozyme substrate for 10 min. (Inset) Time course for de-
phosphorylation of RCM lysozyme by the recombinant PTPase
MEG; 0.5 ,ug of total homogenate protein was incubated with 25,000
cpm of the RCM lysozyme substrate for various times.

This protein, PTPase MEG, has a predicted Mr 106,000 and
can be divided into two functional domains, (i) a protein 4.1
homology domain and (ii) a tyrosine-phosphatase domain,
that are separated by 292 residues of unknown function. A
hydropathy plot of the deduced amino acid sequence showed
no hydrophobic regions that resemble a signal peptide or
transmembrane domain, and thus PTPase MEG is likely to be
a cytoplasmic protein. The tyrosine-phosphatase domain
expressed in E. coli has activity, confirming that this cDNA
encodes a PTPase. The other intracellular PTPases that have
been described all contain two functional domains: the ami-
no-terminal phosphatase catalytic domain and the putative
carboxyl-terminal regulatory domain. The phosphatase do-
mains of these proteins are 72-97% identical to each other
(21-23). The phosphatase domain of PTPase MEG is only
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FIG. 5. Protein sequence re-
lationship of the amino terminus
of PTPase MEG, human eryth-
rocyte protein 4.1 (31) and hu-
man ezrin (32). Identical resi-
dues are enclosed in boxes.
Gaps have been introduced to
optimize alignments.
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38% identical to the other cellular PTPases in the catalytic
domain. In addition, it has only 17 amino acids carboxyl to
the phosphatase domain. Thus, the low degree of identity in
the catalytic domain and the lack of a putative carboxyl-
terminal regulatory domain indicate that PTPase MEG is only
distantly related to the other intracellular PTPases. In addi-
tion, the phosphatase domain of PTPase MEG is only 35-
40% identical to the phosphatase domains of the transmem-
brane-type PTPases.
The amino-terminal similarity of PTPase MEG to protein

4.1 suggests possible functions for the phosphatase. Protein
4.1 has been identified not only in erythrocytes but also in
tissues such as brain (37), fibroblasts (38), blood platelets
(39), and endothelial cells (40). It serves as a crosslinking
molecule with binding sites in the amino-terminal region that
participate in the inositolphospholipid-dependent binding of
protein 4.1 to glycophorin, a transmembrane protein (41, 42).
Since this is the region of similarity between PTPase MEG
and protein 4.1, PTPase MEG may also associate with a
glycophorin-like transmembrane molecule. This suggests
that PTPase MEG has a cytoskeletal association with an
additional PTPase activity that may function-in cytoskeletal
rearrangement or organization. The central part of PTPase
MEG is unrelated to any previously sequenced protein and
may interact with some other molecule to control the activity
of the phosphatase domain.
PTPase MEG is related to other cytoskeletal elements,

including ezrin (Fig. 5) and talin (28% identical over 191
residues) (43). Ezrin was first identified as a major PTKase
substrate in chicken microvilli and has been localized to
microvilli in plasma membrane structures in a wide variety of
cell types (32, 33). After activation of A431 epithelial carci-
noma cell EGF receptors by EGF, ezrin redistributes rapidly
into microvilli and membrane ruffles. The redistribution
correlates with cell surface shape changes and is coincident
with an increased tyrosine and serine phosphorylation (44).
This suggests that ezrin is involved in cytoskeletal organiza-
tion, and since ezrin is a PTKase substrate this organizational
activity may be regulated by phosphorylation and dephos-
phorylation oftyrosine residues. Many nonreceptor PTKases
are associated with membranes and some of them, including
pp6v-src, pp120v--ab pp90V-gag-yeS pp80v-aYes, and type
IV c-Abl, are bound to membrane cytoskeletons (45-47).
Several cytoskeletal components have been identified as
substrates for PTKases, including integrins, connexin, talin,
and vinculin (48). Since PTPase MEG is related to talin and
ezrin, we propose that its phosphatase activity is important
in the regulation of cytoskeletal events.
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