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Phosphotyrosyl-protein phosphatase activity of human erythrocyte cytosol
can be resolved into two fractions by,DEAE-cellulose chromatography followed
by P-ce}%ulose chromatography. Both ~~P-Tyr-phosphatases are able to dephospho-
rylate ““P-Tyr of poly (Glu-Tyr) 4:1 but not angiotensin II and synthetic
peptide Asp-Ala-Glu-Tyr-Ala-Ala-Arg-Arg-Gly, previously phogghorylated on
tyrosine residues by rat spleen tyrosine-protein kiﬁase. Both ~“P-Tyr-phospha-
tase activities distinctly differ from either P-Ser-casein phosphatase
activity or "acid" and "alkaline" p-nitrophenylphosphatase activities with
regard to catalytic and physico-chemical properties such as substrate specifi-
city, chromatographic behaviour, response to various effectors. o 1986 academic

fress, Inc.

A number of protein kinases phosphorylating the membrane proteins on ser
and/or threo residues have been isolated from human erythrocytes and extensive-
ly characterized by several laboratories, including our own. Electrophoretic
band 2 {(P-subunit of spectrin) and band 3 (the predominant transmembrane
protein) are the major phosphate-acceptor substrates for these protein kinases.

More recently (1-3) endogenous tyrosine-protein phosphorylation has been
evidenced in the human erythrocyte membranes, although the identity of its
major specific target substrate(s) (93 kDa anion transporter protein or comi-
grating 95 kDa insulin-receptor) is still a matter of controversy.

Tyrosine-protein kinase(s) have been partially purified from human erythro-
cytes (3, 4). By contrast, to our knowledge, no information is available on
the isolation and characterization of the corrisponding P-Tyr-protein phosphata-
se(s).

The present paper shows that, in addition to the already described protein
phosphatases dephosphorylating P-Ser/Threo residues of isolated 32P-spectrin

and 32P-casein (12, 13), at least two forms of 2

P-Tyr-phosphatase activity,
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dephosphorylating 32P-Tyr residues of acidic poly (Glu-Tyr) 4:1 can be isolated

from human erythrocyte cytosol,

Methods

Human erythrocytes, free of leucocytes and platelets, were prepared
from fresh venous blood (150 ml) of healthy volunteers, according to
Beutler et al. (5). Thereafter they were washed and lysed according to
Dodge et al. (6), except that all solutions contained 0.05 mM phenyl-methyl-
-sulphonyl-fluoride (PMSF).

The red hemolysate supernatant was dialysed overnight against buffer
A (10 mM imidazole-HCl buffer pH 7.3, 30 mM mercaptoethanol, 1 mM EDTA,
0.02% NaN,, 0.05 mM PMSF) and then mixed with DEAE-cellulose (150 g dry
weight/loa ml) previously equilibrated with buffer A. The slurry was
stirred slowly for 30 min at 4° and then packed into a column (3.5 cm
diameter). The column was first washed with about 1000 ml of buffer A (to
completely remove the unadsorbed hemoglobin) and then eluted with a 1000
ml linear gradient ranging from 0 to 1 M NaCl.in buffer A. 5 ml fractions
were collected and separately assayed for P-Tyr-phosphatase, P-ca-
sein-phosphatase, "acid" and "alkaline" p-nitrophenylphosphatase (pNPPase)
activities. The eluted fractions displaying P-Tyr-phosphatase activity
were pooled together, dialysed against buffer A to remove NaCl and then
submitted to phosphocellulose chromatography on a column (2.4 cm x 12.5
cm) previously equilibrated with buffer A. The column was first washed
with about 150 ml of buffer A and then eluted with 500 ml linear gradient
ranging from O to 0.5 M NaCl in buffer A. 4 ml fractions were collected
and assayed for the above phosphatase activities.

All a gve operations were carried out in a cold room at 0°C.
Assay of P-Tyr-phosphatse activity Such an activity was assayed by
incubating the enzyme sample (10 pl) at 37°C for 10 min in a medi (100
rl) containing: 10 pmole imidazoqe-HCl buffer pH 7.3, 30 pmol P-poly
(Glu-Tyr) 4:1 (Sigma) (corresponding to 3.10" cpm) previously phosphorylated
by tyrosine-protein kinase isolate§2fxom rat spleen (7). The reaction was
stopped as in (8) and inorganic | Pi released was determined by the
molybdate-extraction procedure as in (8). The reaction rate was linerr
with respect to time over a period of 10 min, under conditions in which no
more than3202 of the substrate was dephosphorylated.
Assay of ""P-Ser-casein phosphatase activity. Such an activity was assayed
by incubating the enzyme sample (15 pl) under the same above conditions,
except that imidazole-HCl buffer pH,J.3 was replaced by 10 pmole imidazo-
le-HC1 buffer pH 6.0 and synthetic Paayr substrate was replaced by,20 PE
of ""P-casein (containing 30 pmole of[ P] Pi, corresponding to 3.10 cpm)
previously phosphorylated on serine residues by casein kinase purified
from human erythrocyte membrane (9).
Assay of p-nitrophenylphosphatase (pNPPase) activity

The "alkaline" pNPPase activity was assayed by following spectrophoto-
metrically at 418 nm the increasoi+ of p-nitrophenol released from 20 mM
pNPP, in the presence of 20 mM Mg~ , by enzyme sample (75 pl) at 37° in 15
min (10), by using a control lacking enzyme as a blank. The assay mixture
(500 nl) contained Tris/HC1 pH 8.6. The "acid" pNPPase activity was measu-
red by the same procedure, except that 50 mM Tris.-HCl buffer pH 8.6 was
replaced by 50 mM sodium acetate buffer pH 5.2.

Results
The phosphatase activity of the human erythrocyte hemolysate supernatant

is resolved by DEAE-cellulose chromatography, as reported in Fig. 1.
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Fig. 1.

DEAE-cellulose chromatography of various phosphatase activities from human
erythsgcytes cytosol.

@—@ “"P-Tyr phosphatase activity, 0—O 32P-Ser-casein phosphatase activity,
5-A"acid" pNPPase, A---A "alkaline" pNPPase.

In addition to two peaks of 3ZP-Ser-caseirx phosphatase activity, two
peaks of 32P-Tyr-phosphatase activity, partially overlapping with each other,

are detected.

Moreover, Fig. 1 shows also the elution profile of "acid" (pH 5.2) and of
"alkaline" (pH 8.6) pNPPase activities. The two DEAE-peaks of 32P-Tyr-phosphata-
se activity are separated from a major peak of 32P-Ser-casein-phosphatase
activity eluted at 0.45 M NaCl and from a major peak of "alkaline pNPPase",
eluted ay 0.35 M NaCl. However, they are contaminated by "acid pNPPase' and by
minor peaks of 32P-casein-phosphatase and "alkaline pNPPase" activity. This
latter pNPPase peak is due likely to the residual activity displayed at pH 8.6
by "acid pNPPase", since it is detectable, like the major overlapping "acid

pNPPase" peak, also in absence of added Mgz+, whereas the "alkaline pNPPase"
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Fig. 2.

P-cellulose chromatography of the two DEAE-peaks of 32};’-’I’yr-phospha.tase
activi% reported in Fig. l. 12

®—@ ~°P -Tyr-phosphatase, 0—0 ~ P -Ser-casein phosphatase, A---A "acid"
pNPPase, A-—-A “alkaline" pNPPase.

eluted at 0.35 M NaCl, is not detectable in the absence of Mgz+, being strictly
dependent on this cation.

Further purification is achieved when the two DEAE-fractions, pooled
together as indicated by the bar in Fig., 1 and overnight dialyzed to remove
NaCl, are submitted to P-cellulose chromatography as in the Methods (Fig. 2).

Under these conditions, a peak of 32P-Tyr-phosphatase activity, complete-
ly devoid of 32P-casein-phosphatase and of "acid" and "alkaline" pNPPase (in
the presence and absence of Mgz+) is eluted at 0.2 M NaCl, whereas another
unadsorbed 32P-Tyr~phosphatase activity, still contaminated by pNPPase and
32P-casein-phosphatase activity is recovered into a large flow-through fraction.

The former peak of purified 32P-Tyr-phosphatase has been employed for the
study of its properties reported below.

It displays its activity in the pH range 6 to 8.5 the optimum pH being
7.0-7.3. While stimulated by physiological levels (1-3 mM) of ATP, ADP and
2,3-DPG, it is inhibited by increasing concentrations of NaCl and Mgz+ (Table
1). Moreover it is 20% inhibited by 3 mM Ca’', 957 by 2 mM Zn°T, 30% by 2 mM

M0 2+ 40% by 3 mM Molybdate, but unaffected by 3 mM pNPP, by 3 mM vanadate

and by 200 mM NaF.
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Table I: Effect of various effectors on the different phosphatase activities

Addition 32P-Tyr-ghosghatase 32P-casein phosphatase _ pNPPase
none 5 100 100 100
3 mM Mg 45 --- 125
5mM " 25 --- 130
S 15 --- 130
75 mM NaCl 65 60 98
150mM " 30 40 100
0.5 mM ADP 165 35 97
1 mM " 205 25 100
0.5 mM ATP 155 25 100
1 mM " 145 16 100
1.5mM 2,3-DPG 195 70 100
3mM " 167 50 100

All enzyme preparations, prior to assay, were overnight dialyzed against
buffer A to remove NaCl. Phosphatase activity is expressed as percent relative

to control containing no addition.
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Fig. 3.

Ultrogel AcA44 elution profile of 32P-Tyr-phos;.)hatase and pNPPase activities.
The two DEAE peaks of Fig. 1, pooled together, were applied to a Ultrogel
AcA44 column (2 em x 90 cm) previously equilibrated with buffer A containing
0.5 M NaCl and then eluted with the same equi}ibration buffer. 2.5 ml
fractions were collected and assayed for: @—@ ~ P-Tyr-phosphatase,
A-A'acid" pNPPase, A-—-A "alkaline" pNPPase.
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Very similar properties are exhibited by 32P-Tyr-phosphatase activity
recovered into P-cellulose unadsorbed fraction, whereas the response to some
ions by co-eluted "acid" pNPPase and 3ZP—casein-phosphatase is different (Tab.
1), i.e., in contrast to 3ZP-Tyr-phosphatase, co-eluted pNPPase activity is
unaffected by NaCl and slightly stimulated by Mgz+, while 32P-casein-phosphata-
se is inhibited by above anionic phosphate compounds (Table I).

The above differential response suggests that 32P-Tyr-phosphatase and
“acid" pNPPase activities may be mediated by distinct enzymes. Such a view is
strengthened: 1) by their different elution profile (Fig. 3) observed when
the two DEAE-cellulose peaks of Fig. 1 or even the crude cytosol, {freed from
hemoglobin) are submitted to molecular sieve chromatography on Ultrogel AcA 44
at high ionic strength (0.5 M NaCl). Under these conditions, most of "acid"
pNPPase activity 1is separated from 3ZP-Tyr-phosphatase activity which is
recovered into two peaks eluted at position corresponding to Mr 65 and 35 kDa,
respectively. Moreover, the remaining pNPPase activity 1is eluted into two
minor peaks which are not stricktly overlapping with those of 32P-Tyr-phospha—
tase; 2) by differential behaviour (not shown) of the two activities observed
when the P-cellulose unadsorbed peak of Fig. 2 is submitted to Ultrogel AcA4é4
or Sephadex G-100 gel filtration under these conditions, 32P-Tyr~phosphatase,

unlike pNPPase, undergoes an unexpected dramatic loss of activity.

Discussion

The present paper shows that, in addition to the already described
P-Ser/P-Threo-protein phosphatases (11-12), dephosphorylating isolated 32P-spec—
trin as well as exogenous 32P-casein, at least two forms of 32P-Tyr-phosphata-
se activity, dephosphorylating 32P-Tyr of acidic poly (Glu-Tyr) 4:1, can be
isolated from human erythrocyte cytosol. Such 32P-Tyr-phosphatase forms appear
to be different not only from P-Ser/P-Threo-protein phosphatases but, unlike
those of other tissues (13-15), also from "acid" and "alkaline' pNPPases.

Both 32P-Tyr-phosphatases are unable to dephosphorylate angiotensin II
and synthetic peptide Asp-Ala-Glu-Tyr(P)-Ala-Ala-Arg-Arg-Gly (not shown)
previously phosphorylated by rat spleen tyrosine protein kinase (7).

This latter observation supports the idea (16) that apparently tyrosi-
ne-protein kinase and P-Tyr-protein phosphatases do not exhibit the same
specificity.

The above results raised the question of the identity of physiological
substrate(s) for P-Tyr-phosphatases. A probable candidate might be the membra-
ne-spanning band 3 protein (93 kDa anion transporter protein) {1, 3), whose
NHz-terminal region of cytoplasmic domain has been found (1) to contain a

tyrosine residue (at 8th position close to N-terminus) which is surrounded by
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sequences of several acidic aminoacids, like the tyrosine residue in poly

(Glu-Tyr) 4:1, used in this study.

Addendum - A report of these findings has been given at the lst Intern. Sympo-
sium on proteinphosphatases held in Leuven (Belgium) August 1985 (17). During
preparation of this manuscript, a human erythrocyte pNPPase, dephosphorylating
P-Tyr of chymotryptic fragment of band 3, has been reported (18).
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