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Zinc-induced tyrosine phosphorylation of hippocampal p60°** is
catalyzed by another protein tyrosine kinase
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Tyrasine phasphorylition of pa0™™ induccd by 20% inrt hippocumpal membrunes is shown ta inhibit Sre tyrosine kinuse activity, Zn** catalyzes

the phaspharylation of pad* ™™ in the membrunes but does not weiivute aumphosphommwn of p60™ immunoprecipitated with unti-Sre monocional

untibady. Mareoaver, the immunaprecipitated Sre kinase has no Zn*-induced uctivily in phosphorylutian of exogenaous substrate, enolase. Cyanogen

bramide cleavige of p60“" phaspharyluted in the presence of Zn™ yields o 4-kDa phosphupcpud; carrexponding to phospharylation of &

carboxy-terminul tyrasine residue of Sre kinuse, In canclusion, hippocumpul membranes contain 3 Z2n"-stimulated prolein tyrosine kinase capable
of regulating the p&0™™ uctivity.

Zinc: Pratein phosphorylation: Phosphotyrasine: p60™™; Rut hippocumpus

1. INTRODUCTION 2. MATERIALS AND METHODS

Brain contains an abundance of the transition metal 31, Materials

zine. which is primarily accumulated in hippocampus.
The concentration of zinc in mossy fibers of human and
rat hippocumpus has been estimated at 0.22-0.30 mM
[1]. Za*" is actively taken up and released from the
mossy fiber terminals during stimulation of nerve fiber
tracts [2-4]. but functional significance of these events
is still not clear. We huve recently observed that Zn™’.
at concentrations 0.2 mM and greater, induces tyrosine
phosphorylation of p60™*™ and 49-kDa protein ussoci-
ated with p60*™™ in rat hippocampal membranes [5]. A
product of cellular Src proto-oncogene, p6O™™™, is
highly expressed in neural tissues [6]. particularly in
hippocampal pyramidal cells [7]. It is a membrane-asso-
ciated protein tyrosine kinase with two princip.ll sites of
tyrosine phosphorylation: Tyr*'* and Tyr** [8. 9]. Tyrte
is u site of p60™™ autophosphorylation in vitro [8].
Phosphorylation of Tyr*'® is a characteristic of activated
forms of p60**" {10]. Carboxy-terminal Tyr** is a major
site of the in vivo p60*™ phosphorylation leading to
inhibition of the enzyme activity [9]. Phosphorylation of
P60 on Tyr**Y is cutalyzed by unother protein tyro-
sine kinase(s), distinct from p60~** [11.12]. In the pres-
ent study. we characterized the type of p60“** tyrosine
phosphorylation induced by Zn*" in hippocampal mem-
branes.
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{y-PIATP (>5000 Cimmol) was purchused from Amersham, The

antisSre monoctonil antibody LAO wus obtained from NCI Reposi-

tory Microbiolagicul Associutes, [ne (Bethesdu), Membrane (raction
“ram rat hippovampi was prepared as dessribed before [S).

2.2, lnmnmaprecipitation and assay of powrc kivase aciivity

Proteins of hippocampal membranes (300 ug) were extracted from
the membranes with extruction bulfer containing 50 mM Tris-HCl,
pH X1, 0.3 M KCL 2% Nonidet P40, 10% glyeerol, 0.2 mM Na,VO,,
I M EDTA und 2 mM dithiothreitol. After insubation for 2hat4°C
with accislonal mising. the suspension was spun for 10 min at 11,000
% g The supernatunt was incubaled with 2 21 of monocionu! antibody
LAQ to p6a™ for 90 min on ice, Then 6 x4l of Protein A-Sepharose
suspended in the extraction bufTer (1:1) was added and the mixture was
incubitted lor 30 min on ice with occasiona! mixing. Sepharose beads
were then wished three times with the extraction bufTer und onse with
50 mM Tris-HHCL, pH 7.4, Twenty microliters of reaction buffer con-
taining 50 mM Tris-HCL, pH 7.4, 10 mM MyCl., 3 mM MnCl,, 0.1
mM N, VO, 10 u4M [y-“PJATP (50 Ci/mmol) und (or not) 0.5 mg/ml
of yeust enolise (denutured with 0.1 M acetic ucid for § min at 30°C)
were added to the washed Sepharose beads and the misture was
nculbutted for 10 min at 30°C, The reaction wis terminated by adding
SDS-sample butferund bailing, The samples were subjected to electro-
phoresis on 10% SDS-polyucrylamide gels followed by the alkali (reat-
ment of the get [13). staining with Coomussie blue, drying and expo-
sure for autoradiogriphy, The individual labeled bands of phos-
phoproteins were excised from the gel and counted.

2.3, Protein phospharvletion assay

The standard reaction mixture (20 ul) contained 50 mM HEPES-
NaOH, pH 69, the meabrune fraction proteins (1-2 mg/mi), 0.1 mM
[¥-"PIATP (| Cummct} und 0.5 mM ZnCl, or 2.0 mM MnCl,, or both
0.5 mM ZnCly and 2.0 mM MnCl,. Afier incubation for 10 min at
30°C, the resction was terminated by adding SDS-sample butTer and
beiling, The samples were subjected to SDS-PAGE on 10% gels fol-
lowed by the alkuli treatment of the gel [13]. staining. drying and
exposure for autoruadiography.
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2.4, Cranugen bromide cleavage analvsis

Aller phospharylation and clectrophorcsis dried gel bands contnin.
ing phospharylated poU™" were exeised und xubjected (o cyanogen
bromide treaiment by the method of Takeya et al. [14), loaded onto
18.75% SDS-polyacrylumide gel contuining 6 M urea preparcd as
described by Kadenbuch et ul. [15] und analyzed by electrophoresis.

TS I Mg e T

3. RESULTS AND DISCUSSION

To characterize the Zn**-induced tyrosine phospho-
rylation of p60*** we compared activities of Sr¢ kinase
from rat hippocampal membranes phosphorylated by

ATP in the presence of Zn*" and from the control mem-

branes. The kinase activity was measured after im-
munoprecipitation with ps0*~-specific monoclonal anti-
bady. Autophasphorylation of p60©* (Fig. I, lanes [,
3, 5 and 7) us well as phosphorylation of enolass, the
conventional exogenous substrate of p60*™™ (Fig. 1.
lanes 2, 4, 6 and &) have been studied. The activity of
p60“** from the membranes preincubated with ZnCl,
and nonradioactive ATP (Fig. 1, lanes 3 and 4) was
‘reduced. With enolase as the phosphorylution substrate
(Fig. 1. lane 4) the activity was as low as 31 2 8% (n =
3) of the activity of p60** from untreated membranes
(Fig. 1. lane 2) or from the membranes prephos-
phorylated by MgATP (Fig. 1, lane 8) or preincubated
in the presence of ZnCl, or ATP alone {data not shown).
Reduction of the kinase activity in the auto-
phosphorylation after prephosphorylation of p60°*™ in
the presence of Zn*" was not so promineat (Fig. 1. lane
3 in comparison with lanes 1 and 7). These results are
in line with the known fact of the more drastic influence
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Fig. 1. Tyrosine kirase activily of the immunoprecipitated p60“*< in
the awophosphorylation (lanes 1, 3, 5 and 7) und phesphorylated of
cnolase (lancs 2, 4, 6 and 8). Hippocampal membranes were preingu-
buted in 50 mM HEPES-NaQH, pH 6.9, for 10 min st 30°C without
ATP and bivalent cations (1, 2, 5 and 6) or with 0.] mM ATPand 0.5
mM ZnCl, (3 and 4), or with 0.1 mM ATP and 1.0 mM MgCl, (7 and
8) before immunoprecipliation, Lunes S and § demonstrate the activity
of p60** from hippocampal membranes isolated in the presence of
0. mM Na, VO, (the inhibitor of protein tyrosine phosphatases).
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Fig. 2. Tyrosine kinase activity of the immunoprecipituted p60™ in
the autophosphoryiation (lunes | and 3) and phosphorylation of eno-
lase (lancs 2 und 4) in the presence of 10 mM MgCly, 3 mM MnCl,
and 0.01 mM [y-**PJATP (1 and 2) and in the presence of 0.5 mM
Z0Cly and G.0 mM [y-"*PJATP {3 und 4), Specific radioactivity of
[r-®PIATP in all experiments was equal to 50 Cifmmol.

of inhibitory tyrosine phosphorylation of p60*** on
phosphorylation of exogerous substrates than on the
autophosphorylation [16). The activity of Src kinase of
the membranes isolated from the hippocampi in the
conditions preserving endagenous protein phosphoty-
rosyl (Fig. 1. lanes 5 and 6) was 62 £ 9% (1 = 3) of that
of the enzyme from the membranes isolated in the ab-
sence of a protein tyrosine phosphatase inhibitor (Fig.
I, lanes 1 and 2), These data demonstrate that Zn**
induces the inhibitory phosphorylation of p60¢* and
Sre kinase is only partially inhibited in hippocampus.
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Fig. 3. Cyanogen hromicle cleavage analysis of p60**™ autophosph-
orylated after immunoprecipitation (lane 1) and phosphorylated in
hipposumpal imembraues in the presence of Zn* (lane 2).
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Fig. 4. Phosphorylation of p60**~ in hippocampal membranes ir the

presence of 0.5 mM ZnCly (1), 2.0 mM MaCl; (2), or 0.5 mM ZnCl,

and 2.0 mM MnCl, (). The gel was treated with hot alkali [13] after

clectrophoresis  to reduce the content of phosphoseryl und
phosphothreanyl in the proteins.

Inhibitory tyrosine phosphorylation of p60** on car-
boxy-terminal tyrosyl is known to be catalyzed not by

Sre kinuse itself but by another cellular protein tyrosine

kinase(s) [11.12). Immunoprecipitated p60**™ had no
2Zn*-induced kinase activity in the autophosphoryla-
tion (Fig. 2, lane 3) as well as in phosphorylation of
enolase (Fig. 2, lane 4). Besides, there was no phoespho-
rylation of 49-kDa protein (Fig. 2, lane 3), which was
shown to be tyrosyl-phosphorylated in hippocampal
membranes in the presence of Z2n** und co-immunopre-
cipitated with p60**™ 5], These results favored the sug-
gestion that p60*** and 49.-kDa protein are
phosphorylated in the hippocampal membranes not by
p60“*<, but by another protein tyrosine kinase, stimu-
lated by Zn** and not co-immunoprecipitated with
p60s*. Cyanogen bromide cleavage of the
phosphorylated Src kinase provided an additional con-
firmation. The carboxy-terminal Tyr™ is contained
within the 4-kDa peptide, but Tyr*'® within the 10-kDa
fragment after this treatment [11]. We observed that the
cleavage of p60°* phosphorylated by ZnATP in hip-
pocampal membranes did produce 4-kDa phosphopep-
tide (Fig. 3, lane 2). Control cleavage of the autc-
phosphorylated p60“** produced a 10-kDa rathar than
4-kDa phosphopeptide (Fig. 3, lane 1), Based on these
observations, we concluded that Zn* in hippocampal
membranes activiees a protein tyrosine kinase which
catalyzes inhibito'y phosphorylation of p60“* on the
carboxy-terminal tyrosine residue,

Recently, a protein tyrosine kinase, named CSK, that
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specifically phosphorylates the negative regulatory site
of p60¥* has been found and characterized in neonatal
rat brain [17.18). However the activity of CSK is maxi-
mal in the presence of Mn** and is inhibited by 25
(17]. Phosphorylation of p60°*™ in hippocampal mem-
branes was lower in the presence of Mn*" than in the
presence of Mn** and Zn** and much lower than in the
presence of Zn*" alone (Fig. 4). Besides, CSK was re-
ported to be a cytosolic protein (18], So, the nature of
the Zn**-activated protein tyrosine kinase catalyzing
negative regulatory phosphorylation of SRC kinase in
hippocampal membranes remains unclear. The exis-
tence of the Zn* -stimulated protein tyrosine kinase ca-
pable of regulating p60*** kinase activity in the mem-
branes of hippocampal neurons makes it likely that
Zn* may participate in hippocampal neurotransmis-
sion cuusing changes in the protein tyrosine kinase ac-
livities,
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