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L Introduction protein y for lasti i of
chicken fibroblasts by Rous sarcoma virus. Analysis of
Protein post-translational modification is a method this protein showed that n could phosp‘mry!ate itself
cells use to if their resp 10 l and and other p ins on [2-4]. Analysis of cellu-
internal sumuh. A common post tmnslatxonal modifi- Tar phosphoamino acid content revealed that phespho-
cation emp! d in this ism i pro- tyrosine accounts for only 0.01-0.05% of cellular phos-
tein phosphorviation. Protein phospherylation states phoamino acids in normal tissue culture cells [2}. How-

can regulate énzyme activity as well as the cellular
location of proteins. Cells adjust the phosphate levels
of fpec;ﬁc pmtems thmugh the acnon of kinases and

phorylation
mechanisms predommantly after the state of Ser or
Thr phosphorylation in proteins. Similar modifications
of Tyr have only recently been studied. Although this
review will focus predominantly on tyrosine dephos-
phorylation, it is necessary to briefly review the history
of tyrosine phosphorylation. Before 1980 the only regu-
latofy phosphoamino acids ldcnuﬁed in proteins were
hoserine and phosph ine. Ser and Thr
protein phosphorylation states many boli
processes (reviewed in Ref. 1). In 1930 a unique cat-
alytic activity was discovered while examining v-src, the
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cver, this content increases to 1-3% of total cellular
hoan.ino acids upon by
retroviruses [5]. The i in ine phosphoryl
tion upon viral transformation suggested that tyrosine
kinases may be linked to the removal of growth re-
straint from cells. Investigations of oncogenes from
other tumorigenic viruses showed that many of these
ins also displayed kinase activity (re-

viewed in Ref. 6).

The mechanism of growth factor receptor activation
was under investigation at the same time that the
discoveries of viral tyrosine kinase activity were being
made. Susprisingly, one of the growth factor receptors
(epidermal growth factor) was also shown to have tyro-
sine kinase activity [7]. This xde-mﬁcatlon of a non-viral

that tymsme phosphorylanon was important in the
logy of no; d cells.

The primary sequence of protein tyrosine kinases
had been identified through the cloning and sequenc-
ing of viral and cellular oncogenes (reviewed in Ref. 8).
Progress in our understanding of tyrosine kinases was
rapid and e focus on phosphorylation events domi-




36

nated this period of progress. Few investigators were
ing to und d the i of i
dephosphorylation events (see review in Ref. 9.
Progress similar to that made with the tyrosine kinases
was not possible with the protein tyrosine phosphatases
(PTPase, EC 3.1.3.48) since the pure preparation of
PTPase and the cosresponding amino acid sequence
was not available uatil 1988 [11] when PTPase 1B was
purified from human placenta [12]. The partial amino

acid sequence of PTPase 1B [12] yielded two
First, ine-specific phosph had no
similarity to any of the previously characterized serine
and threonine phosphatases, suggesting that PTP 1B
was a member of a different family of proteins. Second,
a search of known protein sequences revealed that
PTPase 1B contained a region of similarity to a major
fymphocyte ccll surface glycoprotein termed CD45.
CD45 is a ‘receptor-like molecule’ present on the lym-
phocyte cell surface and is composed of a lughly gl)co—
sylated, diff ially spliced Tl

single transmembrane domain, and a cytosolic ds
containing two repeats of a 200-amino-acid sequence
showing sequence identity to PTP 1B. At the time this
comparison was made, no function for CD45 had been
determined, but studies using antibodies directed
agmmt its extrasellular domain suggested that CD45

ived in carly lympt
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in Ref 13). The similarity between CD45 and PTPase
1B not only suggested a function for the cytoplasmic
domain of CD45, but also supported the idea that
PTPases possessed a signalling function.

1L Molecular biolegy of the PTPases

The initia! identification of two members of the
PTPase family (ie, PTP 1B and CD45) led 10 the
cloning of numerous other l’l'l’ases These were ob-

Names indi are those first for the Refer-

ences: Pipl {16.17.29]. T-celt [14.26,35}, Dptp61F (S. McLaughlin,

personal communmication), Hheptp {42). Rpipstep [24], Hpiplc

125,4031]. HptpH1 [34] Hptpmeg [33] Pyp1 31] Yscptpl (32).

Yseptp2 [96]. YopSt 1201 Vhi [49L Hodc2S [48], Yspedc25 [44)
Hestptp (S0}

these molecules suggest multlple methods of regula-
tion. CD45 is a of ihe ‘receptor-like’

class of PTPases that have, with two exceptions (PTPase
B [23); and DPTP10D {36,37)), tandem 200-amino-acid

tained either th h K of PTP: qmsol ts and variably sized extracellu-
cDNA libraries [14-28] or by the use of lhe h lar o e by a single suangnembra:c
chain reaction (PCR) :xsmg i 1 mer region. A review on the structure and poten-
design-d from amino acid within oy g of these like molecules has ap-
the PTPases [29-42). Additional PTPases were identi- peared [51].

fied through sequence similarities to the conserved
“active-site’ regions of the PTPases (the ‘HCSAGVGR
{S/T)G metif} [20,43-50].
Sequence analysis of these clones showed that they
cither resembled PTPase 1B or CD45. PTPase 1B is a
ive of the ptor-like’ class of PTP-
ases that have only one copy of the Zm-amlmud
conserved PTPase domain and no

‘The primary structure of 42 PTF ases has allowed us
to construct a family tree by sequence comparison.

This tree, created by multiple
of each 200-ami id d
region (blackened area in Fig. 1) and clustenng related

1521, ides a of the
PTPases. The result, shown in Fig. 2, illustrates the

spanning region. Fig. 1 is a schematic diagram of the
nonreceptor-like PTPases. The diverse structures of

! For a detailed account of the of tyrosine
prior to 1988 the reader is directed to an excellent review by
Brautigan [10).

lationship of all of the PTPases. In general, the
PTPases can be devided into three subfamilies. The
receptor-like PTPases form one subfamily while the
non-receptor-like class of PTPases can be further di-
vided into additional subfamilies. Approx. 18 nonre-
ceptor-like PTPases group together. PTP1 and PTP 1B
are prototypes for this subfamily. A second branch of
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step (24], Hpiplc [25.40], Rshpipl {41} Mhcp {40). Hppht [31],
Hpipmeg [33), Hptpzeta [23]. Rpipl8 [20], Hpipbetakn {21}
Hptpgamma [21.23). Dp1p99a [36-38), Mcd45 {45], Red45[43]. Hedd5
[46). Hiar [47], Rlar 128}, Hptpdelta [23), Diar [15). Hptpalpha [21-
23.30). Mirpa [18,19), Hptpepsilon {23}, Hrptpmu [35). Hrptpmu (35),
Hptpbetaks (23] Mptpbetaks [351 Dpip10d (36371, Dptp [15). Pypt
1311, Yscptp1 [32]. Hestptp {50), Yscp1p2 {96, YopSt {20)

recaptor

“ﬂ Il

nonteceptor

this subfamily includes the caccinia virus ph
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Guan et al,, unpublished). Results similar to those
presented here were described by Krueger et al. using
a much smaller database [23].

One difficulty that has arisen due to the rapid
cloning of PTPases is the lack of a defined system of
nomenclature. For example, there are two different
reports of clones named PTPase a, 8 and y {21,23). By
chance, both « and y are identicai but, as seen in Fig.
2, a subscript is needed to dlfferenuate the two B

fecules. Some d ion of a system
has taken place at the Annual Protein Phosphaiase
mecting in Brussels (Sept. 1991). Even though no final
system of nomenclature was adopted, a naming system
using ‘R’ as a prefix for receptor-like molecules and no
‘R’ for nonreceptor-like molecules was suggested. It
was further proposed that each PTPase would be given
a unique number or letter (or both) assigned in the
order cloned. Therefore, with this system, CD45 would
be renamed RPTPase 1, and PTPase 1B would be
called PTPase 1. No matter what system is chosen,
some hod of ] is badly
needed.

As Fig. 1 indicates, most PTPases contain function-
ally important sequences other than the conserved
200-amino-acid PTPase domain. By comparison of
these sequences with other known protein sequences
potential functions can be suggested for these regions
of the PTPases. When human LAR was cloned [47],
both the i tular and Ilular domains had no
known function. The lasmic domain’s similarity to
PTPase 1B suggested a function for this part of the
molecule. Streuli and collaborators, upon analysis of
the extracellular region of this molecule, noted that it
possessed similarities to the ligand-binding region of
the neural cellular adhesion molecule, N-CAM. E:tra-
celiular regions of N-CAM interact in a homophilic
manner to infl 1 devel [53]. Since
LAR is expressed on the surface of all solid type
tissues and ins within its fasmic domain a
phosphatase region, this molecule is proposed to be
responsible for the contact mhlbmon of cell gmwtb
[151 He hilic i LAR
located on adjacent cells may cause an increase in
LAR’s phosphatase activity, a decrease cellular phos-
photyrosine content and may thus stop cell growth.
Although this is a particularly attractive suggestion, it
should be pointed out that we have a very poor under-

ding of the fi of the Thut: of

(Vh1) as well as cdc25. Since the vaccinia gene encod-
ing the phosphatase was the first memtbeer of this sub-
family to be identified, we have referred to thls group-
ing as the Vhi subfamily of phosph

that very early in evolution the two mn_recepmr-hke
groups d:verged from each other. interestmgly, Vhl is
a which 1} the | of phos-
phate from both serine, threonine, and tyrosine ([49];

the PTPases.

Another sequence similarity that was discovered
within the PTPases is in the SH2 domains of PTPlc
25,40,41]). Research by many groups has shown that
these 100-amino-acid regmns spem(' cally bind tyrosine-

hosphorylated p d in Ref. 54). Analysis
by Shen and coworkers has shown that the SH2 do-
mains of PTP1c are functional [25]. This suggests that
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PTPIc may use these regions to bind substrates or
focalize to specific subcellular locations, as suggested
for other SH2-containing proteins [55). Two other PTP-
ases, Hptpmeg and HptpH], contain a region that
shows 20-35% simiiarity 10 a region contained in three
cytoskeletal proteins, band 4.1, ezrin and talin [33,34).
These regions in these cytoskeletal prot-ins are neces-
sary for association with other cytoskeletal proteins.
Therefore this similarity suggests that the two PTPases,
termea ripf.pmeg anc HptpHI, use these sequences to
fves to the kel and thereby

define specific substrates for these PTPases.
Specific amino acid sequences located near the C-
terminus of several of the mnrecep!or-like Pl'l’am
appear to be i in of

motif in the ‘active-site region’ [HCSAGVCGR(S/T)G]
of the PTPases. As noted by Pot et al. and Guan et al.
28,32}, this motif is also present in dehydrogenases [57]
and protein kinases [58] and is located at or near the
active site of these enzymes. Modification of the first
glycine in the sequence to any other residue eliminates
human LAR PTPase activity [59] suggesting thal the
motif is critical to phosph or fu

The presence of this motif suggests that structural
features within this region of :he PTPases are similar
to structures of either the dehydrogenases or the ki-
nases. It has recently been noted that the GXGXXG

motifs are lly different in dehyd and
l;masﬁ f60]. 1t will be interesting to determine the
! role of this motif in the PTPases.

the phosphatases. Since these sequences appear to play
important roles in the intracellular localization of the
PTPases, they likely function to define or limit the
submtc speclﬁclty of the PTPases. Details of these
G and their function will be de-
scribed later in this review (see Section 1V, Biology of
the PTPases).

The gene expression pattern of PTPases also sug-
gests specific function. Many of the PTPases are proadly
distributed in various cell types; others, however, have
quite specific expression patterns. CD45 has long been

known to be d only in I ic cells [13}.
The stri iched phosph as its name im-
plies, is expressed in a highly selective manner in the
brain’s stri [24) Selecti of three

Drosophila receptor-like PTPases in embryonal central
nervous system axoms suggests their role in axon out-
growth and guidance [36-38). PTPase 1 is strongly

d in the {16}, a region of the
brain known to be imp in long-t iati
and memory. In-situ staining for PTPase activity in the
brain using o-phospt as a sut (561

confirmed that the hippocampus is a region of the
brain rich in PTPases.

111 Structure and functica studies of the PTPases

Expressm of cloned PTPases in a variety of
p! ¥ has provided suffi-
cient quantities of protein for structure/ function stud-
ies. Using the large database of PTPase sequences,
highly coaserved residues within the PTPase family can
be identified and d to ine their imp
in catalysis and stability. Deletion mutagenesis can be
used to determine the importance of various regions of
the molecule. Finally, kinetic analysis and chemical
modification of the PTPases can be used to evaluate
their mechanism(s) of cataiysis.
Two sequence motifs present in kinases and dehy-
dmgenases appear to be conserved in many of the
L The first is the GXGXXG

The second conserved motif, that appears in the
T-cell and PTPase 1 subfamily of the non-Vhi-like
PTPases, is the FKVRES sequence [28]. This sequence
is located just upstream from the conserved
‘HCSAGVGR(S/T)G™ motif of the PTPases. The
FLVRES sequence corresponds to the most highly
conserved region of the phosphotyrosine-binding SH2
domain of the Src tyrosine kinase family [54]. The
FLVRES sequence m c-stc may be associated with
cell-specific of these resid
modifies the u-amformanon pattern of two cell lines
from different species {61,62). It is tempting to specu-
late that PTPases that contain this sequence, which is
invariably located close to the active site of the PT-
Pase, also utilize these amino acids in phosphotyrosine
binding.

Because phosphotyrosine content of cells is maxi-
mally 3% of total ceflular phosphoamino acids, even in
transformed cells [5], the natural substrates for the
PTPases are rare. Therefore most studies of PTPases
use proteins that are readily available in pure form and
easily phosphorylated on tyrosine. These inciude pro-
teins such as casein, histone, myelin basic protein, and
lysozyme as well as small pepndessuchaspo!y(Glu,,
Tyr), and angi in. All are
phosphorylated on tyrosine in vitro using purified tyro-
sine kinases. The use of these “artificial’ substrates has
made it possible to rapidly analyze the kinetic proper-
ties of the PTPases. However, the use of artificial
substrates limits our und ding of the lly”
occuring substrates of the PTPases. Recently, several
studirs of the PTPases on naturally occuring substrates
have heen repotted All but the Vhl family of

the 1 of phosphate from
tyrosine and not serine- or threonine-containing sub-
sirates. Demonstrating serine and threonine phos-
phatese activity in tie Visi faniy cf PTPases first
documented that this family of enzymes did not have a
tyrosine-restricted substrate specificity. In addition, the
fact that Vhi showed sequence identity to cdc25 pro-
vided the first suggestion that cdc25 was a phosphatase
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wlm:h eould dephosphoxylate ;)34“"2 The
the two

Tocl, P

to attack and dlsplace 1~ from

a
rationale for testing the phosphatase actmty of cdc25
in vitro and in vivo [63,64).

The insulin receptor tyrosine kinase has been an
attractive ‘naturally’ occuring substrate for the PTP-
ases. Autophosphorylation of the insulin receptor g
subunit specifically in the region surroundmg ammo

iod This was using
purified rat LAR and 14C jodoacetate. Todoacetate
binds rat LAR and the binding is m wmpetmon with
the sut Foll the ir of
LAR with iodoacetate a stoichiometry of 0.8 mol of
iodoacetate bound per mol of enzyme could be demon
strated [731. Asmgle “C' belled peptide was i

acid 1150, activates the insulin to

rylate other cellular proteins on tyrosine [65]. The
regulatory 1150 region contains three tyrosines, all of
which must be phosphorylated before t ki ac-
tivity is possible. Levine and coworkers have estab-
lished that soluble insulin receptor kinase phospho-
rylates a peptide containing these tyrosines in the
order 115¢, 1151, 1145 [66]. Differences in the dephos-
horylation of these ines by four ine phos-
phatases, human T-cell PTPase, human PTPase 1B,
hmnmcmsandthAR,onthesametm)hosphory
lated have ly been described [67]. The

move the ph in t
> 1151 > 1150, essentially reversing the order of phos-
phorylation. PTPase 1B removes the phosphates in
manaer, 1150 = 1151 > 1146 T-cell P‘I'Pasc dlﬂ)lays no
order of dephosph all at
the same rate. Thm data implicate substrate speci-
ficity as being an important determinant in PTPase
catalysis and regulation of substrate specificity. Kinetic
studies by Cho et al. [68] support the observations of
Ramachandran and workers [67]. They obsencd that
the first domain of human LAR deph

of LAR, and sequencing
of this pepnde identified the site of labelling as cys-
teine 1522, the catalytically essential residue within the
central conserved ‘HCSAGVGR(S/T)G" PTPase mo-
tif. Although there are 11 Cys residues in this pmtem.
only Cys-1522 is labelled, pointing to the 1 reac-
tivity of the active-site thiol residue.
The regulatory effects of phosphorylation on PTP-
ase acnvnty have been examined. CD45 can be readily
horylated on serine/th by casein kinase
2, protein kinase C, and glycogen synthase kinase 3 in
vitro, and on tyrosine in vivo, but no change in phos-
phatase activity could be detected [74,75]). Rat LAR is
also phosphorylated in vitro by protein kinase C and
P43 tyrosine kinase but no change in activity was
noted with exlher phosphorylatmn [28] The cm.ly in vtvo
study sh of a ph
rylation was done by Ostergaard «nd Trowbridge [76].
They showed that when T-cells were treated with the
in or A23187, CD45 PTP-
ase activity decreased by 50-90%. Analysis of the
CD45 showed that the drop in activity correlated with
a drop in serine phosphorylation. Even !hough the sites
ible for this depk ion were

phosphotyrosine 1146 at least 25 times more efficiently
than tyrosine 1150 and 1151 [68].

Many compounds modulate the activity of protein
tyrosine phosphatases. Probably the most universal is
orthovanadate, which effectively inhibits all tyrosine
phosphatases so far 'esmd at levels between 10 and 100
pM. Another univ-..sal i itor is molybd: Polyan-
ionic spermine and spemidine, EDTA, Mn?* and Zn?*
dlﬂ'erentlally mhibl( lhe PTP?aet and can be used to
[28,69-71]. From
the first purification of PTPases it was noted that thiol
reducing agents must be present during their extraction
and isolation to preserve their activity [28,69,72;. This
suggested that a cysteine residue was critical for en-
zyme activity. To pursue this further, sulphydryl-di-
rected inhibitors were tested for their ability to inhibit
PTPase activity. Pot and coworkers showed that three
mevetsible inhibitors, N-ethylmaleimide, p—(hydmxy
mercurit and iod fully i ited rat
LAR’s PTPase activity [28]. Equivalent levels of iodo-
acetamide had no effect on enzyme activity. Analysis of
enzyme macuvauon at different pHs indicated that the
with a posmve
resldue at or near the active site of rat LAR, allowing a

not identified, this was the first indication that PTPase
activities are regulated by phosphorylation in vivo.

The large database of similar PTPase sequences
enables conserved residues to be identified and mu-
tated to determine thelr importance in the cata!ysns of

the S; is of © d cys-

tein id in the lytic d of CD45 by

Streuh and coworkers md:eated that only the first
d the d lation of sub

[15]. Later, a similar conclusion was obtained for hu-
man LAR [59]. In this same study other point muta-
tions in the central ‘HCSAGVGR(S/T)G’ motif were
created, identifying the critical importance of this re-
gion to catalysis. Pot et al. [28] confirmed that greater
than 99% of the activity on the substrates tested arises

from the first d of purified bi LAR.
Either the second domains of CD45 and LAR act
solelyina y manner or substrates

for these domains have not been found. Recently both
domains of human PTPa have bcen shown to contain
catalytic activity [71). Differences in substrate speci-
ficity, to dul and the i

dence of these two domains are properties likely to be
found i in the action of PTPa in vivo.
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‘The ability of a single amino acid mutation to inacti-
vate the PTPase has been a useful negative contro! for
PTPase function, both in vitro and in vivo. Mutation of
the cysteine contained in the central PTPase signature
motif was used to establish the specificity of PTPase 1
[77), LAR [28), cdc25 [63,64], the bacterial PTPase in
vitro [20], and in vivo [78]. This unique and simple
method should be of great utility in future studies of
thc fnncuona! sugmfmnce of PTPases.
is has also been uti-
lized to study the stability of PTPases. Tsai and

k using hydroxylamine and Nmelhle’
itro-N-nil idi d the first 1
PTPase domam of human LAR and screened for tem-
and ther [79]. This
analys:s identified 8
d in ar 8¢ id region in the first half of
the molecule. The ping of these

tions along with work of Zhang and Dixon (unpub-
lished) point to the PTPases utilizing the suggested
mechanism outlined in Fig. 3. The nucleophilic cys-
teine (of the PTPase signature motif) attacks the phos-

phate of the ph protein releas-
ing the dephosphorylated pmlein and form-
ing a thiolphosph di In the sec-
ond step of the reaction, water attacks this intermedi-
ate, active enzyme and releasing the sec-
ond |.:'oduct, inorganic phosphate Kmem: data and

ing” of the ph di sug-

gests that the second step in the reaction is rate deter-
mining.

V. Biology of the PTPases

Only a I'ew of the Fl'Pases have a well characterized
icn about PTPase function

sitive mutants identified a region of this PTPase, highly
conserved in other PTPases, that probably is critical for
initial folding and stability of the protein. Interestingly,
a mutation thai causes increased stability and solubility
of temperature-sensitive human LAR mutations
(C1446-Y) occurs naturally in the rat homologue of
LAR and may account for the excellent solubility and
stability of the latter enzyme [28].

The studies described above all suggest that the
cysteine in the *HCSAGVGR(S/T)G’ motif is an im-
portant residue used by PTPases to remove phosphate
from phosphoproteins. Kinetic and chemical analysis of
the action of PTPases has allowed a probable mecha-
nism of enzyme action to be identified. Guan and
Dixon [77] and Pot et al. [25] uniw:d a mp:d dena\um-
tion technique to trap a radi

has been obtained from ‘mutant’ cells lacking the en-
zyme. CD45 is expressed on the cell surface of iyinplic-
cytes and efforts were directed at the selection of cell
lines lacking this surface marker. Because CD45 is
critical to T-cell activation, cells lacking functional
receptor PTPase have impaired response to T-cell
[81,82], CD2 [83], and B-cell receptor stimuli [84].
Intraceliular signals induced by CD45 in T-cell activa-
tion inzlude phosphoinositol turnover [85] and regula-
tion of cellular serinc kinases and phosphatases [76].
Three reviews regarding *he biological activity of CD45
have recently appeared {86-88].

Another PTPase wiiose biological significance is
known is the Yersinia YopZB phosphatase. Sequence
comparison of the catalytic core of mammalian PTPase

h d that the b ial Yop protein shared a num-

cysteine atermediate of rat P’l'l’ase 1 and LAR. For-
mation of this intermediate was transient and depen-
dent on the of the ically important
cysteme Walsh and his colleagues have also detected a

32P-labelled ph in and have el ly docu-
mented an LAR PTPase catalyzed O exchange into
phosphate from water [80]. Collectively, these observa-

ber of invariant residues with the PTPases. Expression
of the bacterial protein led to the discovery that it had
phosphatase activity [20]. Homologous recombination
of the genes encoding catalytically active and inactive
enzymes cenclusively showed that removal of this PTP-
ase activity renders the bacteria avirulent [78] support-
ing the i that the phosp}

O

o o
i [
S—Q—o-?—oﬂ + E-ST =—— p-s—f-od _Slow _ ESH + —o-p—oH

o

k“‘
ESH

[ H0 HO

Fig. 3. Suggested mechanism for protein tyrosine phosphatase. E-SH represents the enzyme with the catalytic Cys residue. E-S™ denotes the
thiol anion of the PTPase which appears to the reactive form of the enzyme. E-S™ PO,H is the phosphoenzyme intermediate.



activity is ial for virul in the path which
causes diseases sich as the plague or the black death.
For some time it had been km\.vn that 1)34‘&“’cz

serine/th ine kinase d in the mit P

moting factor (MPF) oomplex of higher cukaryotcs,
was d by ine and serine phos-
phorylatlon (revuewed in Ref. 89). Geneiic dissection of
the system had identified a positive regulatory factor,
termed cdc25, that could induce the dephosphorylation
of cdc2 and taus entry into the cell cycle. Yeast mu-
tants that lack active cdc25 can be induced to enter the
cell cycle by the introduction of human T-celf PTPase
[90;. Therefcre tyrosine phosphatase activity was
hought to be ined in or activated by cdc25.
Identification of Vki [49] gave further impetus to this
idea. Alignment of Vhl to cdc25 (noted by Morcno
and Nurse [91]) showed discernible homology, espe-
cially in the active-site region of the PTPase. This
observation triggered several groups to test the phos-
phatase activity of purified cdc25. cdc25 has a low-level
phosphatase activity toward a very narrow set of sub-
strates [63,64,92,93]. In all cases, p342
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mapped to regions of chromosomes with frequent ab-
normalities associated with human cancer [35,40].

Another method used to identify potential functions
of PTPases is to introduce these catalysts into cells and
then to evaluate the biological effects of the PTPases.
Biological effects observed using this approach include
blockage of insulin-like growth factor 1 receptor auto-
phosphorylation in Xenopus oocytes [99), induction of
meiotic cell division in Xenopus oocytes [100), reduc-
non in baby hamster kidney cell growth rate [101],

lation of Ca**-depend ion from
pancreatic acini [102), reduction of transcriptional acti-
vation endowed by AP-1 or CREB transcription factors
[27], and a reduction in the number of v-src [103] and
p185™Y [104] transformed foci in NIH-3T3 cells. The
exact position where each of these PTPases acts to
produce these effects is unknown.

Expression of the PTPases in cells have highlighted
aspects of their cellular distributions. Cool and cowork-
ers noted that most of the T-cell PTPase overexpressed
m baby hamster kidney cells was associated with the

fubl b fraction [101). Similar results were

! of phosph from its latory

Parallel research has led to the identification of a
PTPase, p65, that has both serine and tyrosine phos-
phatase activity. This protein is a mitosis-specific com-
ponent of human MPF [94]. Purified mitotic p65 shows
activity towards phosphotyrosine poly(Glu,Tyr) and ser-
ine/ threonine-phosphorylated histone and phospho-
rylase a [95]. Further evidence supports the identity of
this protein as the gene product of cdc25 [95). The size
difference between the predicted 54-kDa human cdc25
48] and 65-kDa p65 can presumably be accounted for
by the latter’s O-glycosylation. Conclusive identifica-
tion awaits testing of both proteins with specific anti-
bodies.

During the search for a PTPase responsible for
activating p34°*2, two PTPase homologs from S. pombe
and S. cerevisiae were cloned and characterized {31,32].
Tyrosine phosphatase activity was d d for

seen when the same PTPase was expressed in bac-
ulovirus [105], where Triton X-100/KCl extractions
were necessary to remove the enzyme activity from the
ceil pellet. Both results sugges: a localization: of T‘ce“
PTPase to the t ibly th h the
hydrophobic amino acids at its C-terminus (sce above).
Results with human PTPIB are similar. Full length
forms of the enzyme could only be isolated when the
membranes werc solubilized in 2% Triton X-100 [106].
When PTP1 was introduced into NiH 3T3 cells the
protein was shown to localize to the endoplasmic retic-
ulum and solubility studies indicate that PTP1 had
properties of an integral and not a peripheral mem-
brane protein [103]. Recent observations by Neal and
his colleagues indicate that the last 35 residues of PTP
1B are responsible for this localization to the mem-
brane [107]. Other studies have indicated novel cellular

one of these PTPases [32]. Recently, Guan et al. [96]
has reported the cloning of another §. cerevisiae PTP-
ase. Ota and Varshcvsky [97] have also shown that this
S. cerevisize PTPase plays a role in the ubiquitin path-

of PTPases. These include the shift of
different sized PTPase activities from the particulate to
soluble fractions in megakaryocytic differentiating K562
cells {108}, a redistribution of CD45 from the Golgi to
an unidentified i {lular location upon T-cell acti-

ways that are i in protein di and in vation [109], and the apparent movement of kidney cell

DNA repair. PTPase activity from membranes to the cytosol upon
Because of the growth ivating and H cell i with a d in molec-

funcuons of tyrosme kmases, the action of protein uhr welgh! and increase in activity [110]. A general

ing as tumor supp of | lecular-weight

genes has also been considered. LaForgia and cowork- phosphatase activity has also been descnbed by Pallen

ers pursued this possibility by determining if there was and Tong in density-dep gr d fibrob-

a correlation between deletion of the gene for human Tasts [111).

PTPy and the presence of tumors in humans [98]. V. Concluding remarks

Results indicated that one allele of the gene was lost in
3 of 5 renal carcinoma cell lines and 5 of 10 fung
carcinoma lines. Other PTPase genes have been

Knowledge of the protein tyrosine phvsphatases has
increased dramatically over the last year with the
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cloning of new ¢cDNAs, the analysis of recombinant

P  actions on in vitro, defetion analy-
sis of known PTPases in vivo to determine biological
jon, and the evaluation of i hosph

effects when introduced into a complex cellular system.
1t is a diverse and growing family with complex and not
yet fully understood functions. It would appear that the
proteins will have to be highly regulated, since most
tikely multiple PTPases will most likely occur in the
same cell. The availability of cloned genes, pure pro-
teins, and antibodies to these proteins will give future

hers the tools y to
of this i ing and lex family of latory
proteins.
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