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A cDNA clone cading lfor u protein-tyrosine phosphitase (PTPase) wax olited from 4 rat spleen.¢DNA library, Nueleotide sequence of the clane
showed an apen reading Frame coding for i polypeplide of 36) umino acids. Expression of thix clone in £, eold in an expression veetor showed
PTPuse activity. The non-catalytic region of this PTPuse located at the earboxy tetminug shows homology with the basic domaing of transeription
fuctors Fox and Jun. Northern blot anslysis showed that u 1.7 kb transeript was present in many tissues and cells, the highest level being in macro-
phages. This PTPuse is 1 rat homalog of humiun T-cell PTPuze althaugh it shows 3 large deletions in the carboxy terminal non-catalytic region,

Protein-tyraxine phosphutase; ¢DNA cloning: Gene expression; Transcription fuctor

1. INTRODUCTION

Protein phosphorylation at tyrosine residues has been
implicated as an important regulatory component in
cell growth, differentiation, malignant transfarmation
by certain viruses and in signal transduction [1-4), The
level of phosphorylation of substrate proteins is deter~
mined by the relative activities of protein Kinases and
protein phosphatases. The study of protein phospha-
tases in general has received much less attention as com-
pared to that of protein kinases, This was mainly dueto
the belief that protein phosphatases simply reverse the
effects of protein kinases by dephosphorylating the
substrates constitutively. Recent findings suggest that
this may not be the case with many protein-serine
phosphatases as well as with PTPases {5,6], certain cell
cycle genes and a transcriptional regulatory gene code
for protein-serine phosphatases [5]. The CD45 molecule
which is a receptor-like transmembrane protein, has
been found to have PTPase activity [7,8]. These fin-
dings suggest that phosphatases themselves might play
central and specific roles in cellular physiology. The
role of non-receptor-type PTPases, their mode of
regulation and the substrates on which they act are also
not known. PTPase activity is widely distributed. in
various tissues [9,10]. Rat spleen and brain are a rich
source of this activity [9,10], The genes for several
receptor-type PTPases have been isolated [11-15}. The
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non-receptor-type PTPases which have been analysed
for their ¢cDNA include placental PTPase b [16,17],
PTPase 1 from rat brain {18] and a PTPase from T cells
[19]. An essential virulence determinant of Yersinia (a
bacterium which is a causative agent of plague) has been
shown 10 be a PTPase [20]. Here we report the isolation
of a ¢DNA clone coding for a PTPase of 363 amino
acids which shows homology in its non-catalytic do-
main with the basic domains of transcription factors
Fos and Jun which are required for binding to DNA.

2. MATERIALS AND METHODS

2.1, Construction and screening of cDNA library

A ¢cDNA library was constructed inAgtil from poly (A)*RNA us-
ing ¢cDNA synthesis and cDNA cloning systems abtained from Amer-
sham. Total RNA was isolated by the acid guanidinium thiocyanate
method [21], Poly (A)*RNA was prepared by two cycles of binding
to oligo (dT) cellulose {22). ‘The unamplified cDNA library was
sereened [22) using nick translated Eco RI-Psr | fragment of T-cell
PTPase cDNA [20}. T-cell PTPase ¢DNA was kindly provided by Dr
D.E. Cool (University of Washington, Seattle, USA). The hybridiza-
tion for screening the cDNA library was carried out at 60°C with § x
SSPE (1 x SSPE =.0,15 M NacCl, 10 mM sodium phosphate, pH 7.4,
1 mM EDTA), 0.1% SDS§, 5x Denhardt’s (0.1% Ficoll, 0,1%
polyvinyl pyrrolidone, 0.1% BSA), 0.1 mg/ml denatured salmon
sperm DNA {22], Filters were washed at 50°C in1 x SSPE, 0.1%
SDS.

2.2. DNA sequencing

Nucleotide sequence of the ¢cDNA inserts was determined using the
dideoxy chain-termination method of Sanger [23] as modified for
double stranded DNA by Chen and Seeburg [24]. The cDNA. inserts
released from Agili clones were subcloned in plasmid pGEM3Z for
sequencing. The complete nucleotide sequence of the full length
cDNA clone was assembled by sequencing various restriction
fragments and smaller clones,

65



Volume 280, number |

2.3, Northern bBlotting

Foly (A RNA 13 ) ar total RNA (10 4g) was Fractionated vader
dennturing condditons 0 formaldehyde gely and wransferred o
nitroceiulose [22). Hybridization was carried aul with § = S8PE, $
% Denhardiy, 0.1% $DS, 100 42/ ml salmon sperm DNA, 10% for-
mamide a1 30°C for 16 h. Blat were winhed with 0.3 x SSPE. 0.1%
SPS at 30C and Kept for awtoradiography at = 10-C with intensify:
ing sgreeny,

2.4, Expression of PTPuse in E, coli

The plasmid PTP.S war digested with Bann FH dned filled in by wiing
Klenow fragment of DNA polymerase | fellowed by religation.
Transformavion of competent £, velfi cells (DH3a) gdave a plaxmid
withaut Ban Hi ste and extra 4 nuclentides, This wax confirmed by
seequence analysis. This plasmid was digeded with Hingd H1 and the
Hind 111 feagment was ¢lectrociuled and ligated with the Hind HH
digested expression vector pKK233:2 (Pharmacia), The plasmid ¢on-
taining the insert in correet orientation (pKK-PTP) showed PTPase
activity, Origntation af the insert was checked by rextriction diges-
tion. Assay for PTPRase sctivity was cartied oul using M¥P-labelled
poly (Glu, Tyr) as substeate as deseribed previously {10).

3. RESULTS AND DISCUSSION

A rat spleen ¢DNA library (Agtl]) was screened with
the Eco RI-Pst [ fragment (1,38 kb) of human T-cell
PTPase cDNA. This fragment contains the entire cod-
ing region for PTPase. The screening of over 200 000
recombinants produced 3 positive ¢lones, one of which
(PTP-S) contained a full length ¢cDNA insert of 1.5 kb
(Fig. 1). The other two clones were smaller in size and
corresponded to nucleotides 254-884 (clone 2) and
750-1287 (clone 3) of the largest clone. The nucleotide
sequence showed an open reading frame coding for a
polypeptide of 363 amino acids. The first ATG codon
may serve as the translation initiation codon at position
26 although the sequence surrounding it does not match
perfectly with the proposed translation start consensus
sequence A/GNNATGG [25]. The open reading frame
is terminated by a stop codon TAA at nucleotide 1115,
A polyadenylation signal AATAAA is present at
nucleotide 1368.

The PTP-S shows a high level of homology with
human T-cell PTPase in the catalytic domain [19]. Out
of the first 275 amino acids which include the catalytic
domain, 261 are identical (95% homology) .in the two
proteins, This high level of homology suggests that
PTP-S may be a rat homolog of T-cell PTPase. A com-
parison of the carboxy-terminal sequence of PTP-S in
the non- catalytic domain with human T-cell PTPase
(Fig. 2) shows that there are 3 large deletions after
amino acid 288 (19 amino acids), 308 (5 amino acids)
and 363 (28 amino acids). These carboxy-terminal dif-
ferences are perhaps not due to cloning artefacts since
one other independent clone also had the same sequence
(clone 3, nucleotides 750~1287). The C-terminal dif-
ferences between PTP-S and human T-cell PTPase may
be due to alternative splicing.

In the carboxy-terminal region outside the catalytic
domain, there is a region rich in basic amino acids. This
basic region is organised as cluster-spacer-cluster in the
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sume pattern as found In many sequence spegilic DNA-
binding proteins which function as transeription factory
{27]. An alignment of the carboxy-terminal 36 amino
acids of the PTP-S with segments of the Fos (28] and
Jun [29) proteins containing the basie domain is shown
in Fig. 3. Qut ol 37 residues of Fos protein, 18are iden-
tical with PTP-S and 3 other residues are similar in
character. Jun protein shows 135 residues (out of 30)
which are identical with PTP-S and 6 other residues are
similar. The level of homology was also assessed by
comparing the alignment scares abtained by using the
program ALIGN as described by Dayhoff et al. [26).
These scores were similar for each of the 3 pairs; PTP-S
with Fos (3.34), PTP-S with Jun (4.18) and Fos with
Jun (3.49). Thus the level of homology between PTP-S
and Fos (or Jun) is the same gs between Fos and Junin
the basic regions. The gene coding for PTP-1 (or
placental PTPase 1b) does not possess any such basic
domains in the non-catalytic region of the molegule as
showr in Fig. 2. However this basic region is conserved
in human T-cell PTPase (Fig. 2.).

In order to confirm that this cDNA clone codes for
enzymatically active PTPase we have expressed it in £,
coli, The eDNA was cloned after appropriate modifica-
tion (to align the reading frame) in E. coli expression
vector pKK 233-2 which uses a hybrid promotor rre.
The strategy for construction of pKK-PTP is described
in section 2. The E. coli cell extracts containing control
plasmid do not show any detectable PTPase activity
whereas cells expressing pKK-PTP showed significant
PTPase activity (Fig. 4). Complete dephosphorylation
of the substrate could be obtained if time of incubation
or the amount of extract was increased (not shown),

Expression of the transcripts for PTP-S was studied
by Northern blot analysis of mRNA or total RNA
isolated from various rat tissues. A major transcript of
about 1.7 kb was obscerved in spleen, brain and thymus
(Fig. 5A) and in some other tissues. The size of this
transcript is in agreement with the size of the cDNA in-
sert., When anidentical RNA blot was analysed by a full
length T-cell PTPase probe, a 1.7-kb transcript was
observed; the result was same as that obtained with
PTP-S probe (figure not shown). These results suggest
that PTP-S is the rat homolog of human T-cell PTPase.
The high level of homology between the two supports
this conclusion.

The expression of PTP-S transcript was compared in
splenic lymphocytes with that in peritoneal macro-
phages. Surprisingly macrophages showed a much
higher level of PTP-S transcripts than lymphocytes
(Fig. 5C). The results of expression studies suggest that
this PTPase does not show tissue- or cell-type specifici-
ty although levels of transcription show variability.

In order to see the effect of an inhibitor of proiein
synthesis on the expression of PTP-S transcripts, rats
were injected with cycloheximide (50 mg/kg body
weight) and RNA was isolated from spleen and thymus
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G TTC €60 YL TGC YOU CCC GOC GLC AIG YOG GCY ACC AYC GAG CCG CAG TIC GAG GAA L]
Rex Ser Ala The 1le Glu Arg Glw Phe Glu Gly 1

CYE GAY GCY TAG YT COC T6G CAG CCG TIA TAC TIG GAA ATT CGA ALY QAA TCC CAT GAC 118
Low Asp Ale Gin Cys Arg Trp GIn Pro Lew Tyr Leu Glu Tle Arg Asn Glu Ser wis Asp 3

FAT GCT CAT AGA GIG GCC AAG YYT CCA CAA AAC AGA AAT CGA AAC AGA TAC AGA GAT GYA i7a
Yyr Pro nis Arg Val Alas Lys Phe Pro Glu Asn APg Asn Acg Aen Arg Tyr Arg Aup Vel "

-

AGC CCA TAT GAY CAC AGY CGY GTY AAMA GIG CAG AGY GCT GAA AAY GAT TAY ATY AAT GCC 133
Ser Pro Tye Asp Wi Ser Arg Val Lys Leu GUn Ser Ala Glu Asn Asp Tyr Lle Asn Ala Ty

AGE YTA GTY GAC ATA GAA GAG GCA CAA AGA AGT TAZ ATC TTA ACA TAG GGC €CA QYT cCt ave
Ser Leu Val Asp 1le Glu Gty Ala Gin Arg Ser Tyr [le Leu Thr Gin Giy Pro Lew Fro A4l

AAC ACC YGC YGC CAT TIC VGG CTC ATG CTG YOG CAG CAA AAG ACT AGA GCA GITY GTC ATG 358
Aen Yhe Cyw Cys Mis Pho Trp Lou Met val Trp Gln Gin Lys TAF Arg Als Vat val Met 1ty

CYA AAC CGA ACT CTA GAGC AAA GAA TCG GTY AAA YOT GCA CAG TAC TGG CA ALG GAY GAC  4V8
Leu Asn Arg Thr val Glu Lys Glu Sor Val Lys Cys Als GIn Tyr Yrp Pro Yhe Asp Asp V30

CGA GAG ATG GYG TTY AAG GAA ACA GGA 1TC AGC GTG AAG CTC TYA TCT GAA GAT GTG AAA 478
Arg Glu Met val Phe Lys Glu The Gly Phe Ser Val Lys Lau Leu Ser Glu Aip val Lys 191

TCA VAT YAY ACA GTA CAT CTA CVA CAQ TTA GAA AAT ATC AAT AGY GGT GAA ACC AGA ACC 930
Ser Yyr Yye Yhr Val His Lev Lev Gln Lew Glu Asn 1le Asn Ser Gly Glu The Arg The 171

AYA TCY CAC TTT CAY TAY ACC ACC TGG CCA GAT TET GGC GIY CCG CAG YCA CCA GCY Tea 908
1le Ser Hie Phe tiig Tyr The Thr Trp Pro Asp Phe Gly Vel Peo Gly Ser Pro Als Ser 191

TYC CTA AAT TIC TTG YTY AAA GYT AGA GAA TCT GGT TCT TYG AAC CCT GAC CAY GGG CCt 438
Phe Leu Aan Phe Leu Phe Lys VBl Arg Glu Ser Gly Ser Leu Asn Pro Asp His Gly Pro 214

GCA GTG ATC CAY TGC AGY CCA GGC ATC GGG CGT TCT GGC ACC TTC TCT CTT Gra GAT ACC 71a
Ala val lie His Cys Sor Ala Gly lle Gly Arg Ser Gly Thr Phe Ser Lau Val Asp The 231

TGT CTC GYT €16 ATG GAG AAA GGA GAG GAT GYT AAY GTG AAA CAA ATA TTA CTG AGY ATG 778
Cys Leu Val Leu Het Glu Lys Gly Glu Asp val Asn vel Lys Gin (2 Leu Ley Ser Mot 251

AGA AAG TAT CCA ATG CGA CYL AYT CAG ACT CCQG GAC CAG CTC AGA TTC TCC TAL ATG GEC 838
Arg Lys Tyr Arg Het Gly Leu Il¢ Gln The Pro Asp Gin Leu Arg Phe Ser Tyr Mot Ala 279

ATA ATA GAA GGA GCA AAC TAT ACA AAA GGA GAT TCA AAT ATA CAG AAC AGA ACA ATG ACTY 898
fle tle Glu Gly Ats Lys Tyr Thr Lys Gly Asp See Asn Jle Gln Asn Arg The Met Thr 204

GAG AAG TAC AAC GGG AAG ACA ATA GGG TCA GAA GAT GAA AAG TTA ACA GGA CTY TCT T1CT 958
Glu Lys Tyr Asn Gly Lys Arg fle Cly Ser Glu Asp Glu Lys Leu Thr Gly Leu Ser Ser 31

AAG GTT CCA GAT ACT GTG GAA GAC AGC AGT GAG AGT ATT CTC CGG AAA CGC ATT CGA GAG 1018
Lys val Pro Asp Thr Val Glu Glu Ser Ser Glu Ser Ile Leu Arg Lys Arg [le Arg Glu 331

GAT AGA AAG GOT ACA ACC GCT CAG AAG GTG CAG CAG ATG AGA CAG AGG CTA AAT GAA ACT 1078
Asp Arg Lys Ala Thr Thr Ala Gin Lys Val Gin Gln Het Arg Gin Arg Leu Asn Glu The 359

GAA COGG AAA AGG AAA AGG CCA AGA TTG ACA GAC ACC TAA ATG TTC AYG ACT TGA GAC TAT " 1138
Glu Arg Lys Arg Lys Arg Pro Arg Leu Thr Asp The 383

TCT GCA GCT ATA AAY TT7 GAA CCT TYG ATG .TGC AAA GCA AGA CCT GAA GCC CAC TCC GGA 1192
AAC TAA AGT GAG GCT TGC TAA CCC TGT AGA TTG CCT CAC AAG TTG TCT GTT TAC AAA GTA 1250
AGE YTT ACA TCC AGG GGA TGA AGA ACG CCA CCA GCA GAA GAC TTG CAA ACC CTT TAA TTT 1318
GAC GTA TTG TYT TTT AAC ATG TGP ATG AAT TGT AGA AAG ATG TAA AGA AAA TAA AAT TAG 1378
GAG AGA CTA CTT TGT ATT GTA CTG CCA TTC CTA ATG TAT TTT TAT ACT TTT 1GG CAG CAT 1430
TAA ATA TTT TTA TTA AAT AGA CAA AAA AAA AAA AAA AAA AAA AAA AAA AAA AAA AAA 1495
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Fig. 1 Nucleotide and deduced amino acid sequence of cDNA coding for PTPase isolated from a rat spleen cDNA library (PTP-8),
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CPTP-T)
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Fig.2 A comparison of amino acid sequence of PTP-S with T-cell PTPase (PTP-T) and rat brain PTPase (PTP-1) in the carboxy-terminal non-
catalytic region. Gaps introduced for alignment are indicated by dashes. Dots indicate identical residues,
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Fig. 3. Alignment of the carboxy-terminal 56 amino acids of PTP-8 wigh the basic regions of Fox (124-164) and Jun (251-280) proteins. The align
ment was done using the pregram ALIGN of Dayhoff et al, (26), Gaps nre indicated by dashes, Two dats indicate identical residue. One dot in-
dicates residues which are similar in character,
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Fig. 4 Expression of PTP-S in E. coli regulated by the trc promotor,
(A) ThecDNA for PTP-8 was cloned behind the hybrid tre promotor
as described in section 2. This construct contains 33 additional amino
acids (shown here) before the initiator methionine of PTP-S. The re-
maining 363 amino acids correspond to PTP-S, (B) PTPase activity of
E. coli extracts expressing PTP-S. Extracts from bacteria containing
pKK-PTP (solid line) and from the control (broken line) carrying an
insert in the opposite orientation were used.
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after 3 h and andlysed for expression of PTP-S tran-
seripts. Treatment with eycloheximide resulted in about
a 10-fold increase in the level of 1.7 kb transcript (Fig.
5B). In addition, a new transcript of about 3 kb was
observed in cycloheximide-treated samples. This tran-
script is perhaps coded by some other PTPase since it
was not observed when a similar blot was probed with
a probe lacking catalytic domain of PTP-S (nucleotides
943-1495), No significant effect of cycloheximide treat-
ment was observed on the expression of kck or ribo-
phorin transcripts (data not shown).

What is the function of clusters of basic amino acids
in the non-catalytic region of PTP-S? Does the homo-
logy with transcription factors indicate any functional
significance? One possibility is that the clusters of basic
amino acids might serve as a signal for localizationina
subcellular compartment such as the nucleus {30]. In
this connection it ‘may be relevant to point out that
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Fig. 5. Northern blot analysis of RNA from various tissues and cells
using a full length PTP-S probe. (A) Northern blot of mRNA (5 ug)
from rat tissues. (B) Northern blot of total RNA (10 xg) from
cycloheximide (CHX) treated and control rat tissues. (C) Northern
blot of total RNA (10 4g) from splenic lymphocytes and peritoneal
macrophages. Splenic lymphocytes were prepared by lysis of
erythrocytes with ammonium chloride. Peritoneal macrophages were
incubated at ‘37°C in tissue culture Petri-dishes to remove non-
adherent cells.
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PTPase activity is present in purified rat liver and brain
nuelei (unpublished observations from our laboratory).
The strong conservation of ¢lusters of basic amino acids
in the non-catalytic region suggests that these resicdues
have an important function,

REFERENCES

i

(8)

9
(10)
()
02
13)
4

Hunter, T, and Caoper, LA, (1985) Annu, Rev. Biochem, 54,
897-934,

Litirich, A and Sehlessinger, J. (1990) Cell, 61, 203-212,
Could, K.L. and Nurse, P. (1989) Nature 342, 39.48,

Lewin, B, {1990) Cell 61, 743-752,

Cyert, M.S. and Thormer, M.S. (1989} Cell 57, 891-893.
Hunter, T. (1989) Cell 38, 1013-1016,

Charbonneau, H., Tonks, N.K., Kumar, S., Diliz, C.D., Har-
rylock, M., Cool, D.E,, Krebs, E.G., Fisher, E.H. and Walsh,
K.A. (1989) Proc. Natl. Acad, Sei. USA 86, 5252-3256.
Tonks, N.K., Charbonneau, H., Diltz, C.D., Fisher, E.H, and
Walsh, K.A. (1988) Biochemistry 27, 8695-8701.

Shriner, C.L. and Brautigan, D.L. (1984) 1. Biol. Chem. 259,
11383-11390,

Swarup, G, and Subrahmanyam, G. (1989) 1. Biol, Chem . 264,
7801-7808.

Ralph, S.5., Thomas, M.L., Morton, C.C. and Trowbridge,
1,S. (1987 EMBO J. 6, 1251-1257

Streuli, M., Krueger, N.X., Hall, L.R.; Schlossman, S.F, and
Saito, H. (1988) J. Exp. Med. 168, 1523-1530.

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

Sap, J., D'Bustachio, P,, Civol, D. and Schlessinger, J. (1990)
Proc¢. Natl. Acad. Sci. USA 87, 6112-6116,

FEBS LETTERS

(s

(e
)

118
(19
{20)
21
(22)

23
{24)
[21)
(26)
27)
{28
(29
(30

March 1991

Kuplan, R., Morse, B, Huebner, K., Croce, €., Howk, R.,
Raverd, M., Rices, €., Jaye, M. and Schiessinger, J. (1990)
Proe. Natl, Acud, Sci. USA &7, T000-7004,

Chernoff, J., Schievella, AR, Josi, T.A,, Erikson, R.L. and
Neel, B.G, (1990) Proc. Natl, Acad. Sci. USA &7, 2735-2739,
Arown-Shimer, 8., Jahnson, KA., Lawrence, J.B., Johnson,
€. Bruskln, A., Green, N R.and Hill, D.E, (1990) Prac, Natl.
Acad. Sci. USA 87, 31485182,

Guan, K., Haun, R.S,, Watson, §.J., Geahlen, R.L. and Dix.
on, J.E. (1990) Proc. Nau. Acad. Sei. USA 87, 1501-1505,
Cool, DE., Tonks, N.K,, Charbonneau, H., Walsh, K.A.,
Fisher, E.H. and Krebs, E.G, (1989) Proc. Nail, Acad, Sel.
USA 86, 5257-5261,

Guan, K. and Dixon, J.E. (1990) Science 249, §53-356,
Chemezynski, P. and Sacehi, N, (1987) Anal. Biochem. 162,
156=159,

Manlatis, T., Fritsh, E.F., Sambrook, J. (1982) Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Lab,,
Cold Spring Harbor, New York.

Sanger, F., Nicklen, S. and Coulson, AR, (1977) Proc. Natl,
Acad, Sei, USA 74, 5463-5467.

Chen, E.Y. and Seeburg, P.H. (1985)-DNA 4, 165-170.
Kozak, M. (1986) Cell 44, 283-292.

Dayhoff, M.O,, Barker, W.C. and Hunt, L.S. (1983) Methods
Enzymol. 91, 524-545.

Busch, 8.1, and Sassone-Corsi, P. (1990) Trends Genet. 6,
36-40,

Van Straaten, F., Muller, R., Curran, T., Beveren, C.V. and
Verma, 1.M. (1983) Proc. Natl, Acad. Sci. USA 80, 3183-3187,
Lamph, M.W,, Wamsley, P., Sassone-Corsi, P. and Verma,
LM, (1988) Nature 334, 629-631,

Nath, S.T. and Nayak, D.P. (1990) Mol. Cell. Biol. 10,
4139-41435,

69



