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In particulate fractions from LSTRA lymphoma eells, yrogine phosphorylation of the lymphoid specifie tyrosine kinuse pS6M is elicited by Zn?*

in the absence of ather divalent cutions. Zn?* alone also induces nutophosphorylation of immunoprecipitated pSélek, The effect of Zn? " is dose

dependent; itis deteeted at concentrations of Zn*™ as low a8 § #M and resches & maximum at 100 4M Zn? ™, Among other divalent cations tested,

Mn?*, und Ca®* 1o 4 lesser extent. were ulso effective. Zn?* wlso stimulated pS6%* phosphorylution in the presence of Mg? * ions at physiological

coneentration. whereas orthovanadate hiad no effeet. These results suggest that Zn#* activates the uutophesphorylation of pSak thig fuct could
be reluted with the stimulating effect of Zn?* in the activation of T lymphocytes.

Zine; Tyrosine kinuase: Lymphoma cell

I. INTRODUCTION

Protein tyrosine kinases (PTK) constitute a class of

enzymes thought to regulate growth and/or differentia- -

tion in a number of cell types [1]. In several weli-
documented cases, these activities are associated with
transmembrane proteins transducing hormonal and/or
growth signals; hence the binding of insulin or EGF to
their specific: membrane receptors stimulates tyrosine
kinase activities in the cytosolic domain of the receptors
{2]. On the contrary, the ‘non-receptor’ or ‘src-like’
tyrosine kinases are cytoplasmic proteins attached to
the inner face of the plasma membrane through their
N-terminal end. Their physiological roles as well as the
pathways regulating their activity in the cell are poorly
understood [3]. Activation of tyrosine kinase activity is
correlated with autophosphorylation [2,3].

Recently, new insights in the regulation of ‘src-like’
protein kinases have come from studies of p56"%, a
lymphoid-specific kinase [4,5] invclved in T cell func-
tion [6]; it was shown that the kinase activity is. modu-
lated by the interaction of p56"* with surface proteins
expressed in T lymphocytes (CD4 or CD8) [6,7]. The
formation of these molecular complexes is critically
dependent on the presence, in CD4/CD8 and p56"%, of
two pairs of cysteines coordinated by a divalent metal
ion [8].

Like other protein kinases, PTKSs require the presence
of a divalent cation in order to function. The primary
action' of divalent cations is to form. a complex with
ATP, which constitutes the phosphate donor, Mg®* or
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Mn** are usually efficient at concentrations of one to
ten mM in the tyrosine kinase assays; Mg?* is therefore
assumed to be the physiological cation, as its intra-
cellular concentration is in the same range (1-3mM).
Other metal ions are generally ineffective, Nonetheless
Zn** was recently found to induce tyrosine kinase
activity in platelet membranes, in the absence of other
divalent cations [9].

We have investigated the effects of various metal ions
on the tyrosine phosphorylation of p56'**, the major
non-receptor tyrosine kinase in lymphoid cells. We
report here that, in particulate fractions from the
murine lymphoma LSTRA (in which p56'“¥ is over ex-
pressed), in vitro phosphorylation of p56'*® is strongly
stimulated by micromolar concentrations of Zn?*, even
in the absence of Mg?*, This result is discussed in con-
nection with the possible physiological role of Zn?* in
T cell response.

2. MATERIALS AND METHODS

2.1. Cells

The LSTRA tumor cell line was originally isolated as a transplant-
able tumor following infection of BALB/c¢ newborn mice with
Moloney murine leukemia virus (MoMulv) and maintained in vivo as
an ascitic tumor by serial transplantation in syngeneic host. LSTRA
cells express a high level of the lymphoid specific tryosine kinase
P56’k [10].

2.2, Anti p56 antibedies
Antisera were raised inrabbits against a peptide (residues 39-62) of

* the sequence of human pS6™, These sera reacted in immunoprecipi-

tation and immunoblotting experiments with a 56-38 kDa protein
present in LSTRA cells and in T lymiphoid cells of human amd murine
origin; the reaction was inhibited by preincubation of the serum with
the 39-62 peptide used for immunization (D. Fradelizi and G. Gacon,
unpublished results).

Published by Elsevier Science Publishers BV,



Volume 281, number 1,2 FEBS LETTERS | April 1991

2N, Materials Phospherylated bandy were quantitated by demsitenverrie seanning
Phenylasthyhulphepylfueride (PMSF), aprodnine, wud unlabel- af the X-Ray fhoy wing a Shimadau demitometer,

led ATP were obtained from Sigma laberaterier, [3-PIATP :

(3000 Cirmmel) was purchased from Amensham England, Al rer 3.6, Immunaprecipiaion

agents wseel Tor pel elecirophoresis were from Bio Rad, X-ray films Pariculate fractions of LSTRA eelly were solubllized in RIPA

from Kedak and Fuji, buffer (50 mM Tris, pH 7.3, 130mM NaCl, 1% NP a0, 1% sodium

det;xyehotmle (DOC), I My dithiethrehol (DTT), 1% apradnine);
o ‘ g ) P36 antibodies were added and allowed to reuct for 4 h under ¢on-
2'2&5?::2‘:;":: {ggg’x’&"{‘" ’-ggg’:‘ ﬁ‘,’g il with & Dowiice liomes tinuous mising. lmmunocomplexes were collected on profeln A
gener n 10mM HEPES, pH 7.3, Smid MgCl, 1% sprotinine,  pinpts ottoa o e 10 RIPA and once in SamM
L mM PMSE, (1 ml for 2 x 10% eells) &t 0*C, Nuclel were removed by ! o

lowsspeeel centrifugation i 250 mM wigrose and the post-nuelear 3.9, Prowin content :

fracilon was centrifuged ar 400000 xg far 1S min. The pellet was The pre o ) . )
resuspended in S0 mM HEPES, pH 7.5, 5 mM MgCla. 1% aprotinine (2 ¢ protein cancentraton was determined according o Brmiford
and | mM PMSF. Aliquots were stored in liguid nitrogen,

2.5, Phaspharylation and analysis of phosphoproieing 3. RESULTS
with 3T BT ond resutpented i the ahosphersiadicn buffe Mg?" and Zn** were compared for their ability to
» ' nd resuspended in th 3 aten buffer - ' el ¥
(S0mM HEPES, pH 7.4). Puarticulate fractions (10ag of protein) elieit protem‘ p‘;OSthﬁlmmn '? m.cmbranes .fro;n
were preincubated for 3min in the presence of the indicated metal LSTRA cells. In particulate fractions ~previously
ions. Phosphorylation reaction was started by adding 0.34Ci of washed in 2 mM EDTA (i.e. in the absence of dwalem
(3-"PJATP, (0.5 4M ATP) allowed to proceed for § min at 0°C, and cation) no detectable phosphorylation oceured upon in
xw[f"pl?;g):zpar%ﬂ?:sS\afcs?:gkczu:\':rl'm‘u polyacrylamide SDS gels vitro incubation with [y-**P]ATP (see Figi 3). Asshown
R s .
and revealéd by autoradiography of the dried gelx: in some cases, gels in Fig. 1(la) (lfme' 1)" the addition ,Of Mg (10 mM_) to
were alkall treated after glutaraldehyde fixation (1), i.¢. soaked in LSTRA fractions induces protein phosphorylation,
2 M NaOH at 35°C for one hour, prior ta drying and film exposure. specifically in one major band of M, 55000-60000
. SN b

56000 —= | {8 56000

12 -3 -4 7. 2 .2 . 4

Fig.. 1. Phosphorylation of particulate fractions from LSTRA cells; effects of Zn**. () Particulate fractions from LSTRA cells were washed with

3 mM EDYA and labelied with {7-?2P]ATP for 5 fifi at 0°C, in the presence of either 10 mM Mg?* (lane 1), 1 mM Zn®* (lane 2) or both (lane

3). Phosphoproteins were analysed on SDS-PAGE as described in‘section 2. (a) Autoradiogram of the untreated gel; (b) autoradiogram of the

" alkali-treated gei. (11) Particulate fractions from LSTRA cells, phosphorylated in'the presence of either i mM Zn?* (lanes 1 and 2) or 10 mM Mg?*

(lanes 3 and 4) were immunoprecipitated with non-immune serum (lanes 1 and 3) and anti-p56'*~ antiserum (lanes 2 and 4); immunoprecipitates
were analyzed on SDS-PAGE. (a) Untreated gel; (b) alkali-treated gel,
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Fig. 2. Phosphoryladon of immunoprecipitnied pse™®. ps6™™ way

immunoprecipitated from LSTRA particulate fractions with anti-

PS6"* antizerum; Immunoprecipitates were resuspended in 500 of

S0 mM HEPES, pH 7.4, phosphorylated with 104Ci of [»"*P]ATP

(0.1 4M ATP) for 5 min at 0°C in the presence of 1mM 20" (lane 1)

or 10mM Mg?* (lane 2) and analysed on SDS-PAGE. (a) Untreated
gely (b) alkali-treated gel,

which is highly labelled. A similar phosphorylation is
observed when Zn**(1 mM) is added instead of Mg?*
(Fig. 1(1a), lane 2), except for minor bands which are
labelled in the presence of Mg?* but not in the presence
of Zn?* alone. The M, 55000-60000 band labelled in
the presence of Mg?* or Zn®* is resistant to the alkali
treatment of the gel (Fig. 1(Ib), suggesting that it con-
tains mainly phosphotyrosine as a phosphoamino acid;
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Fig. 3. Phosphorylation of p56"*; effects of Mg** and Zn**. Par-

ticulate fractions from LSTRA cells were phosphorylated in the

presence of Mg?" (O) or Zn** (+) ions, at various concentrations.

The intensity of the p56 band was recorded by scanning of the auto-
radiography.
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Fig. 4. Phosphorylation of pse™*; effeats of different metal lons and
of viinadare, Particulate fractions from LSTRA cells were labelled In
the presenve of different catlons and vanadate at the concentration of
100 #M. The intensity of the ps6 band was recorded by seanning of
the autoradiography, Ordinate values were expressed as percent of
Zn* -induced lubeling,

this has been confirmed by phosphoamino acid analysis
(result not shown).

According to previous studies [4,5], the major alkali-
resistant phosphoprotein of M, 55000-60000 in the
LSTRA particulate fraction, corresponds to the auto-
phosphorylation on tyrosine of the lymphoid specific
tyrosine kinase p56"*, which is overexpressed in
LSTRA cells, Therefore, we attemnpted to immuno-
precipitate’ ps6'* from LSTRA fractions préviously
phosphorylated in the presence of Zn?* or Mg?*. The
result, shown in Fig, I(lIa), confirms that the protein
phosphorylated in both conditions is p56'*® and thus
P56 is indeed phosphorylated in the presence of Zn?*
as sole divalent cation, The immunoprecipitated phos-
phoprotein is alkali resistant to the same extent in Mg?*-
and Zn**-dependent phosphorylations (Fig. 1(1Ib)).
Moreover, as shown in Fig. 2, Zn** can elicit alkali-

j=—58000

Fig. 5. Phosphorylation of particulate fractions from LSTRA cells;

effects of Zn** in the presence of 1 mM Mg?*. Particulate fractions

from LSTRA cells were phosphorylated in the presence of 1 mM

Mg?* and increasing concentrations of Zn®*. (1) no Zn**; (2) 1 aM

Zn**; (3) 10 uM Zn2*; (4) 50 M Zn?*; (5) 100 xM Zn?*; (6) 500 M
Zn**y (7)1 mM-Zn?*,
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stable phosphorylation in p36"* previously purificd by
immunoprecipitation: the pattern appears very similar
1o that obiained by immunoprecipitation of previously
phosphorylated membranes (Fig. 1(11)). These resuls
indicate that Zn®" alone is capable of inducing auto-
phosphorylation of pS6™*,

The effect of Zn?" in cliciting p36™* phospherylatian
is concentration dependent; Zn** concentrations as low
as 1-84M induce a clear phosphorylation of psét*
(Fig. 3) and the protein is maximally labeled at Zn®*
concentrations of 100-500 4M. By contrast, with Mg**,
no phosphorylation is detectable in the 4M range, and
the maximum labelling is reached at concentrations
higher than 1 mM.

Other metal jons were examined for their capacity to
induce phosphorylation of pS6'™. All cations were
tested at a concentration of 1004M; this is shown in
Fig. 4: Mn** was as effective as Zn?*, Co** was also
effective but 1o a lesser extent, Fe?* and Cd?* showed
a moderate activity, whereas Ni®*, Ca**, Cu** and
Al** were ineffective. Otherwise orthovanadate did not
show any activity.

The effect of Zn** ions was also analysed in the
presence of 1 mM Mg?*. As illustrated in Fig. 5, a
stimulation of p56'** phosphorylation by low concen-
trations (! and 104M) of Zn** ions is clearly visible
with maximal labelling of p56"* also obtained at con-
centrations of 100-5004M Zn** ions.

4, DISCUSSION

Inthedatareported here, Zn** at micromolar concen-
trations is.shown to stimulate tyrosine phosphorylation
of the p56'“* protein in LSTRA particulate fractions, in
the absence of other divalent cations. Similar results
have been obtained in particulate fractions from peri-
pheral blood lymphocytes (result not shown). Clearly,
Zn** ions do not have the same effect on all tyrosine
kinases.. Phosphorylation of EGF receptor in hepato-
cyte membranes or of insulin receptor @ subunit are not
stimulated by Zn** [15,16]. By contrast, it was recently
reported that a tyrosine kinase activity, present in plate-
late membranes, most probably p60*, was stimulated
by Zn?" ions [9]. To our knowledge, serine/threonine
protein kinases cannot be activated by Zn** alone.
Since Zn** is capable of eliciting phosphorylation of
p56%* in the absence of other divalent cations, it substi-
tutes for Mg?* in the formation of a phosphate donor
complex with ATP. This may implicate a particular
conformation of the ATP binding site of p56'°~.

However, the stimulating effect of Zn** ions in the
presence of a large excess of Mg?* ions may involve a
different mechanism. For instance, as described in the
case of protein kinase C [17,18], binding of Zn** ions
to p56"K, could result in a simulation of the kinase
activity. Recent studies have shown that, in the plasma
membrane of T cels, p56'°* is linked to proteins CD4 or
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CDAE&; these interactions involve two pairs of cysteine
resichues preseut on partner proteing, which are thought
1o form a metal fon binding site [6-8). It is thus temp-
ting to assume that such protein/protein interactions
mediated by a Zn** jon, might stimulate the autophos-
phorylation of the lck kinase. Thus, Zn'* would act at
least by twa distinet mechanisms: (i) the formation of a
Zn-ATP complex; and (il) activation of the kinase
through another binding site. Such a dual effect has
been previously described far Mg ® with casein kinases
[ and II [19], and for Mn** with the insulin receptor
tyrosine kinase [20).

Zn** is known to inhibit some phosphotyrosine phos-
phatase activities [13] (although it activates the CD 45
tyrosine phosphatase (leucocyte common —antigen)
[14]). Hence, the stimulation of phosphorylation of
p56™* by Zn®" might be due to this inhibitory effect.
However, Co** which does not inhibit phosphatase
activities [13] is also able to promote phospharylation
of ps6**. Moreover, sodium orthovanadate, a phos-
photyrosine phosphatase inhibitor, unlike Zn**, doc¢s
not stimulate the phosphorylation of pS6¥* (Fig. 4).
Finally, we have observed that Zn®* can elicit tyrosine
phosphorylation in pS6"* purified by immunoprecipi-
tation (Fig. 2). Thus, the effect of Zn** must be, at least
partly, related to an inereased tyrosine phosphorylation
of p56"%. Since in vitro phosphorylation of p56"* is
known to occur through autophosphorylation [13], it is
likely that Zn** stimulates p56"* autokinase activity,

Our experiments clearly show that Zn** at very low
concentrations ¢an act as a modulatory agent even in
the presence of Mg?* at physiological concentration.
The requirement of Zn?* for the development of the
immune response and more specifically for activation
of T lymphocytes has been documented. Several studies

‘have shown that low concentrations of Zn** (ca.

0.1 mM) are capable of restoring T cell mitogen respon-
siveness or even of inducing mitogenesis {21-23]. It is
therefore conceiveable that the activation of pS6'<®
plays a role as a target of Zn** action. Further work is
needed to analyze this hypothesis,
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