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Protein-tyrosine phosphatues (PTPases) are becoming an imporiant family of enzymes that might regulaie Key events in cell growth and transfor-

mation. While iselating & new member af this family vin amplification of himan lung cDNA by the polymerase chain reaclion, we found a elone
identical to but truncated at the 3-end of the ¢oding region of human PTPase # (HPTRS) mRNA, This differonce In sequence i situated in the
mest conserved part af the catalytic demain of the enzyme. The expression level of the runeated farm of HPTPY mRNA in hum;m lung was
. : ‘ |c»wef han its num\al form

Protein-tyrasine phosphatase; mRNA; Human !ung;‘ Polymerase chain reaction

. INTRODUCTION

The discovery of a family of‘ enzymes catalyzmg the
_ dephosphorylation of phosphotyrosyl residues is very
recent, These protein-tyrosine phosphatases (PTPases)

are probably regulators of protein tyrosine kKinase ac- .

tivities (PTKases), the latter ones often being described
. as activators of cell proliferation. In view of the associa-

tion PTKase-oncogene, PTPases could be defined as

anti-oncogenes, although their role is probably mare
complex and general than this {1]. PTPase activities
"have been found in numerous mammalian tissues (for a
review, see {2]), but our knowlcdgc about their role is
still very limited.

- A cytoplasmic PTPasc activity from human placenta

has been purified and sequenced {3,4]. This 37 kDa pro-
tein revealed 1o be homologous to the cytoplasmic part
of CD45, a leukocyte surface antigen [5]. Since then,
screening of ¢cDNA libraries with specific degenerate
oligonucleotides or low-stringency screening with
specific DNA probes have revealed a whole family of

PTPases in several human tissues [6-10] and different.

species, including Drosophila [11-13],
All members of the PTPase family share at least one
very conserved domam which contains the catalytic site
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of the enzyme [14]. Until new no ligands are known to -

bind to the extracellular domains of the transmembrane

PTPases, but the hypothesis for extracellular factors

regulating PTPase activity seems plausible in-analogy
with receptor-PTKases. The cxtracailular part of {he
LAR protein (leukoeyte common antigen relaled
molecule, a transmembrane PTPasc) contains several

N-CAM (neural-cell adhesion molecule) and fibranec-

tin type [1I-like domains which could play a role in cell

- to cell signalling {7]. :
Using degenerate primers based on conservcd amino
acid sequences in the catalytic domain, we isolated via -

PCR and library screening a PTPase sequencing from
btman lung ¢cDNA identical to HPTPS but truncated
near its catalytic site. We report here the natural occur-

. rence of the normal and of this truncated form of

HPTPA mRNA in normal lung.tissue.

2. MATERIALS AND METHODS

2.1. Ohgonucleondea and DNA purification

Oligonucleotides were synthesized on an Applied Bmsystems 391
PCR-mate DNA synthesizer. Degeneraln oligonucleotide primers to
conserved sequences of the catalytic domain of the PTPase family
were synthesized (Fig. 1a), followed by other primers that exactly

match the determined sequence. One couple of cligonuclestides con-
tained sequences complementary to M13 sequencing primers, which
allowed rapid nucleotide determination of the fragment (Fig. 1b). A

stock of Agtll DINA was prepared after amplification of a Agtll nor-
mal human lung ¢cDNA library (Clontech Laboratories, USA), ac-
cording to-Maniaus et-al. [13], DNA was stored at -20°C in 'H 0.

2.2, RNA piiflﬂfm‘iuﬂ

Postsurgical tissues wese mmednately MNy-frozen and hIDl‘ed at :

~B0°C, RNA was prepared from human lung and placentia by the
guanidine thiocyanate/CsCl™ procedure -of Chirgwin et al. [16].
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% Sequenca 1°

) Priwnt Langth
1 G I-URIICRIACTGAYTATATCAATGL  panue: ’ W% bp
T BGRI Y- EBFL S AL TCCAGEACTORARTALAL | RN buiknte
L3 CAGTCTCTGATCEAGT TIUTCAGA . by
r £
ac TAYTGRTCCTCLOTYICI AQEAT antiganie
1 2 3
-435 bp
% -220 bp
123 bp- ' ‘

Fig. 1. (a) Conséhsus sequence of the PTPasxe core domain. The
slngle~tet|er codeis used. The 100% conserved amino acid residues are
in bold type and underlined. Oligonucleatides synthesised are in-
dicated above the amino acid sequence. This consensus sequence is

adapted from Streuli et al, {111, the best one available at the time of °

oligonucleotide synthesis. (b) Sequence of oligonucleotides used for

isolation of 493-bp and 220-bp fragmenis of HPTPB. UP, universal

primer; $SP, single stranded primer; Y, C,T 50% each, R, A,G 50%

each; I, inosine, (c) 1.2% agarose gel stained with ethidium bromide,

Lane 13 123-bp DNA ladder, lane 2: the PCR-amplified 495-bp frag-

ment from human lung ¢cDNA library with primers 1C and 2AZ, lane
3: as in lane 2 but using primers L3 and 2C (220 bp),

Messenger RNA (mRNA) was iSolated using and mRNA purification
kit {Pharmacin France). All RNA, stocks were stored at ~-80°C in the
presence of 1 mM clithiothreitol and 40 U of RNasin.

2.3, PCR amphﬂcauon

Primers (100 pmol) were used for PCR amplincanun of DNA
isolated from a Agtl1 cDNA library, performed in a Perkin-Elmer
Cetus DNA thermal eycler. The 30-cycle program consisted of 1 min
24°C denaturation, | min 38°C annealing and 1 min 72°C exiension

steps. Amplified fragments were separated and purified by 1.2%:

agarose gel electrophoresis, excised and electro-¢luted, Amplified
DNA fragments were visualised in the gel by ethuhum bmmxds.
stamlng.

2.4..DNA sequencing .

" Single-siranded DNA templates for sequencing were ohtamed by
asymmetric PCR on purified fragments. Dideoxynucleotide chain-
termination. segquencing of single-stranded templates or fragments
clonzd in M13-mp18/19 veciors was performed using a T7 sequencing

kit (Pharmacia) or the Gene-ATAQ kit (Pharmacia} for problematic .
templates [17]. Nuclgotide sequences were analysed using PC~-Gene

sofiware (Imelhgeneucs. Switzerland) coupled to the EMBL-
Sw:ssProl databank. ‘
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<% Libirary sereening ane hybridizgtiony

Sereening of the eDNA brary (SO000 ¢loni] was ¢arrivd sul wing
the #Plabeled 493%-buve-pair {bp) specifie fragment (see Fig. len.
labelling was performed by the Random Priming mmmﬂ [
{Amensham, Fraace), Highstvingancy hebridisuvions were peelarmed
oveenight ar 427 € ln 0% rormamide containing hybridizalion buffer

© [19). Suingent washing was perfommed In .1 » SSC {1 » $8C s 150

mM NaCl, 14 mM sodism ¢liratet, pH 700 at 607°C Tor 10 min
Autorndiograpliy wax done for 72 b ar -80°C using inenvilying

 sereens. One positive clone was amplitied by asvmmeérrie-PCR and se-

quenced with AgtdLspeeific primers. For confirmation, the wame
¢lane wis alm inseried imu phige M3 mpl871Y and sequenced,

2.4, Reverse TranscriplionPER (RT‘-FC‘R}

Far veverse zrmscrlmmn. 3 g of wotal RNA or 1 ug or mRNA wre
hegted At 95YC in H) 100 pmol el spef:il’in I.aantisensy
oligonucleotitie, 00 uM dNTR and reverse lrausurlptmn buffer was
added wgether with 200 U af MuMV reveise transeripinge (BRL,
r‘rzmc.e) ina final volume of 20 W The reactian was incubated for 13
min ar reom temperature foilowed by 1 h 61 427C. The eDNA thux
produced was direetly submitted 10 PCR amplification by adding 100
pmol of a specifiec $'«sense primer, Tag-polymerase buffer amnd 2.5 U
of an polymerase (Heckman, ance) ina final volume of 100 ..

[ AT 7.}

GMGNCgAMMCCMCEsEﬁSEIGAHEEG mm@cﬂ "’!‘OTCAGGGAC‘I'ACATC

PGAGPTV‘VHCSAOVG!
GVICCA_CA‘:;GGH‘WACSAAAGWNTTWTTACTMGCWCCATATGH'CTCGT

MCAﬁMgC CCCCGTCCTOOGCCCALTCTCGTGOACTGCACTIC m’fﬁm‘l‘mﬁ !

) AC‘I“‘.\"N‘I‘CMATCCC‘I‘ATAMGM'HACTTG‘I‘IATC?RTTAMMTCTCﬁﬂ‘l‘n\CCCMA

AR AMATATTATGTGATGTAGCC CAGAMAATCCAACAGET
ﬂTG%CCWATﬂT‘I‘ﬂMWTGMTMTCATGTGC'PTAGT‘CCC'I"I‘GGH"I‘ACTGCCA
CATCAGTTTAACACGTATACGACACATTCCCTTG TCATCATCAAGGTGTTGGC TCAGATT
TATMICTTANPTGG ATGTTTAAAGCATGTACTACE I TG TTACATTGG ML CATGTGATEGA
'I'PA’I'I‘GACMWATCATGAGMJ‘EG’I‘GTM'K‘T‘H‘ATACMCA‘I“I‘TATMCM‘GAT’I‘

TTCOTTTTCTAGE CTTCAMGG TARMMAACTT ARAATAR GG TGGTACTTGTGTAGTTGTAL
ATAAAACC AAAATTATAG TTTATATATGAAATOTCAAAATCAT
TPTAMMGTATTATTCGRAADTCS - AQtlt .

. £¢O RI

Ela.gh .
GGAGTC CCAGMACCJ\CCCA <7\ TCTGA%CAG‘I‘T’I’G‘I GAGAACTGTC AGGGACTACATC
ET TS B LI QFVRT R oY 1

' 1869
MCAWGCCCGGGTGCNGGCCCACTG"G{JTGCACTGCAGTGCTGGTGTGGGTAEGACT
H R S PF G A T A G G R Tags
.
GS'\ACCT‘i"l‘ATTGCAT’I‘GGACCGMTCC’I‘CCAGCAGT‘I‘AGACTCCMAGACTCTGTGGAC
6 T F. I A LDBRILOQOQQLD S K D B V 9909
. 1
ATTTATGGAGC AGTGUALGACCTAAGACTTCACAGUGTTCACATGGTCCAGAC TGAGTCT
'Y G A Y D LERLHRYHNV O TE $o2s
CAGTATGTCTACCTAL ATCAGTO TG ARG AGATGTCCTCAGAGT ARCARAGC TACGRAGT
Q Y v ¥ L B Q@ C¢CVR RV LR ARUEKTULTE.S

. 048
GANCANGAMAACCCCTTGRITCCANTC TATGANMATGIGARTCE AGNGTATCACAGHTAT
9B N P L LY E N NOEEY R DL

ccawcwm*rcmﬁscmmcmmc‘r&nCTGMGAGCTCCTGGA'PM"PMTTCACT
PV 8 5 3'—non-coding continued for 1,8kbs
197

Fig. 2. (2) Nucleotide and deduced amino acid sequence of
A3'-HPTPR (clone C22:3' -end). Deduced amino acid sequences are
shown under the nucleotide sequences using the single-letter code.
The conserved amino acid residues of the catalytic site are in bold type
and the indispensable cystein residue marked with an asterisk, The
first divergent nucleotide with HPTPS, STOP codon and
polyadenylation signal are in bold type and underlined. Positions of
priters are sbove the nucleotide sequence. (b) As in (a) but for
HPTPA., Amino acid positions of the deciced protein, according to
RKrueger et al. [20], are shown to the right below each row.
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3. RESULTS

Using a wupiﬁ of degemmte primers (1C and 2&2.)
and purified ¢DNA of Mgl | human lung library, a

PCR-Iragment of about 485 bp was produced. By using

primers L3 and 2C, a second 220-bp fragment was
. found to contiain the 3'-extension of the 495-bp frag-
~ment (Fig. [¢). Sequence analysis of these fragments
revealed an open reading frame which contained the
very conserved amino acids of the PTPase family
togather with new amino acid residues. The recent

publication of Krueger ¢t al. [20] showed that these

fragments were identical to the ¢cDNA sequence ot the
catalytic domain of HPTPS (Fig. 2b).
By subsequent screening of the Agtll human lung
~¢DNA library with the 495-bp probe, we isolated a
1.2-kb clone (C22) that contained a good part of the 3'
extremity of the HPTPS mRNA sequence. This cDNA

clone contained an open reading frame of 627 -

nucleotides coding for 209 amino acids. The first 606
nucleatides and their corresponding 202 amino acids
(up to residve Thr'™® agin Krueger et al, [20]) were in

complete agreement with the published deduced amino
~ acid sequence of HETPS. Interestingly, the nucleotide
sequence of this clone showed an in-phase STOP codon
{TAA) in the most conserved region of the PTPase
family, near the putative catalytic site of the enzyme

{(Fig. 2a). Our deduced protein seguence lacked the 86,

C-terminal residues of HPTPB (Giy'*®'-His**"*). The
STOP codon was followed by a typical A/T-rich 3
* non-coding sequence of 533 bp, whereafter the Eco RI
cloning site of the Agtll vector was found. A putative
polvadenylation signal sequence was located 40
nucleotides upstream of this Eco RI cloning site. The 3*
non-coding sequence did not belong to any known
mRNA (EMBL 21 databank, release 3.0, February
1990), neither to the PTPase famzly of mRNH.S describ-
ed until now.

Verification of the expression of the truncated type
HPTPS mRNA, for which we propose the name
A3 -HPTP3, was performed by RT-PCR., This techni-
que nowadays seems more powerful than classical Nor-
thern blot analysis to detect the presence of rare
mRNAs, provided that PCR-amplified fragments are
subsequently verified by nucleotide sequencing. We us-
ed antisense primers C22-STOP and 3-STOP. (see Fig.
2), respectively to the A3'-HPTPR and HPTPS mRNA

sequences, for reverse transcription followed by PCR -

with the L3 sense primer (Fig. Ja). Total RNA from
human placenta and from human lung tissue was sub-
mitted to RT<-PCR with the 3-STOP oligonucleotide

specific for the HPTPg C-terminal extremity and with
a specific sense primer (L3). Fig. 3b shows the
- theoretically expected 368-bp fragment for HPTPS

-mRNA in both tissues, demenstrating for the first titne
the expression of this mMRNA in human lung. We have
always found a lower cxpression level in the latter
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Noww 4 A" Beguenes 3 PrNGaRnE LRGSR
| BRA-HTOR | OTCTEEITAMALCATANTARAD ‘ nurmw“ o
K3 CAGTOTCTONTECAGTTTETANGA ‘ vm:“.":
p-sropr | ERATOLE TTOANTAUAT annidonas
‘ uﬂ?‘m! : / THOATE ‘ al NERR
1 2 3 4 5
-368 bp
-245 bp
123 bp-

Fig. 3. (4) Sequences of aligonucleotdes used for the Isolation ol’
245-bp (A3 HPTPE specmc) and 36%-bp (HPTBS  specifie)
fragménts. The Find 11 site in 8-STOP Is for subsequent cloning

: l'acnhmuon {b} 1.2%0 agnarnse gel stained with ethidium bromide,

Lane 1: 123.bp DNA tadder, lane 2¢ RT-PCR on' Y pg human lung

RNA with -STOP and L3 primers, lane 3: RT-PCR on 3ug human' - -
lung RNA with 8-STOP and L3 primers, lane 40 RT-PCR on 1 ug

human Tung MRNA with C22-STOP and L3 primers, lane 5: PCRon *
clone €22 DNA with C22.STOP and L3 primers.

tissue. We only detected a very faint band of the ex-
pected size for A3'-HPTPA mRNA (245 bp).in total

RNA from human lung (not shown). By enrichment to

purified mRNA from hurnan lung tissue we were able to

* detect clearly the truncated A3'-HPTPBS mRNA (Fig.  ~
3b). This result reflects the low level expression of -

A3 -HPTPA mRNA in human lung. Nucleotide sequen-

cing confirmed the presence of the (TAA)-STOP codon

in this fragment. We also verified the presence of this
sequence in the cDNA library by PCR amphflcauon
and nucleatide sequencmg (Fig. 3b)

4. DISCUSSJON

Although ' discovered - much: more recently, the
PTPases are emerging as large a family as the PTKases,
[t is becoming clear that in the field of signal transduc-
tion PTPases will have to be considered as important as
PTKases, with both types of enzymes taking part in the
complex regulation of a proliferative signal. One exam- .

ple of such a regulatory mechanism is provided by a

couple PTPase-PTKase in T-cells: the CD45 antigen

* activates the PTKase pp56* by dephosphorylation of
" its tyrosine-505 residue, activation of ppS6'* by CD4s

appearing to play a crucial role in T-cell activation [21}].:
Until very recently it was believed iliat the PTPase
family could be subdivided into two classes: transmem-
brane PTPases containing two repetitive hiomologous
domains and cytoplasmic PTPases containing one such
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domain. The recent ﬁhding af the H PT P sequence, u
transmembrane PTPase with enly one homologous do-

main, makes this subdivision somewhat artificial (20,

The PTPase activity of HPTPS seems to be very high
relative (o other PTPases, as moedsured in vitre using
phosphotyrasyl ~protein  substratexs  [20].  The
physiologieal substrates of thiy enzyme have not been
found yet. Becavse HPTPA contains only ane catalytic
domain, mutations or deletions near the conserved
eatalytie site in this parueular PTPase will prabably
dramatically change its enzymatie activity., This has
alrendy been shown for the LAR protein where PTPase
activity was abolished by site-dirceted mutagenesis of
the cystein residue in this region |14).

The use of degencrate oligonucleotide primers fm'
PCR to conserved parts of the catalytic domain of the
PTPase family revealed 10 be suceesstul for isolating a
new member of this family in human lung. Recently, by
using the same approach, L1 different partial ¢cDNA
clones belonging to the PTPase family were isolated
from human liver, including HPTP# (22].

The isolation of a variant HPTPS clone in a human
lung ¢cDNA library, truncated near the catalytic site of
the enzyme, seems very important 1o us, We
demonstrated the natural existence of this variang
mRNA (A3'-HPTPS) in a fresh RNA preparation of
lung tissue by RT-PCR, The normal HPTPS mRNA is
expressed at a higher level than the A3'-HPTPS mRNA
in lung tissue. Indeed, we noted a more intense band
{ethidium bromide staining) for the 368-bp fragment

(HPTPB) than for the 245-bp band (a3’.-HPTP@ -

hardly visible), both being amplified from the same
amount of total RNA. In fact we needed | g of mRNA
to clearly visualize the A3'-HPTPS specific fragment.

- As to the origin of 43'-HPTPSZ mRNA, this might
occur by alternative splicing in a way similar to
leukocyte antigen related protein (LRP), where an alter-
nate insertion was found to disrupt the first PTPase do-
main [12]. However it will be necessary to characterise

this fragment on the genomic DNA level to know

whether only one gene is expressed

The physiological meaning of the difference in -

mRMNA expression level between the two forms is still
unclear; but if a difference in enzymatic activity be-
tween them also exists, the regulation of certain specific

substrates intervening in cell growth might be disturb-
ed. From these types of experiments it is hard to tell if .

both mRNAs are present at the same time in one cell,
but ‘in situ’ hybridizations may answer this guestion.

One can hypothesize two ways about this truncated
PTPase; either it has lost part or all of its enzymatic ac-
tivity due to disruption of the catalytic site environ-
ment, or it has become constitutively active, It could be
possible that part of the regulation of HPTP{ activity
resides in the C-terminal extremity through protein
phosphorylation. We noted that a putative casgin
kinase II phosphorylation site is present on serine
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resicdue 1949 of HPTP# |23}, We are ae!imlly' analysing
the PTPase activity of the AY' -HPTPS cualytic do-

_main in comparison with s HPFTPH analog.

Another imps wrant vesearch axis, which is pan m’ aur

future studies, 4 1o analysg the expression levels of the

A3 -HPTP3E mRNA and protein in tumoral tissue coms
pared to narmal tissue, ' :
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