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Recent studies have suggested & possible role for extracellular ATP in
neutrophil functicn. This report provides evidence for the existence of an
ectc-protein kinase activity on the surface of human neutrophils capable of
phosphorylatirg intrinsic ce]%zmembrane proteins as well as exogenous proteins.
Additicn of extrag@]]u]ar [v-Y“PJATP to neutrophils resulted in rapid
incorporation of “°P into cellular proteins that were sensitive to trypsin. The
ability of adherent cells to phosphoryiate the excgenous substrate casein, while
no protein kinase activity was released into the supernate, provided further
evidence for a cell surface associated protein kinase activity. e 1988 academic

Press, Inc.

Protein phosphorylation is an. important reculatory mechanism in many cells,
ircluding human neutrophils (1-6). Wkhile most studies of protein
phosphorylation have focused on intracellular protein kinases (2,4), recent
studies have provided evidence for the existence of ecte-protein kinase activity
on the surface of severzl different types of cells (7-11). Other recent studies
suagesting effects of extracellular ATP on human neutrophil or murine macrophage
function (12-15) led us to search for ecto-protein kinase activity on human
neutrophils. This report provides evidence for the existence of an ecto-protein
kinase cn the surface of human neutrophils, identifies several endogenous
substrates for its activity, and characterizes the kinetics and divalent cation
requirements of this kinase activity.

METHODS

Ecto-kinase assay. Normal human neutrcphils, prepared from heparinized venous
bTood by dextran sedimentation at 1 x g followed by Ficoll-Kypaque
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NH - buffer containing 140 mM NaCl and 20 mM N-2-hydroxyethylpiperazine-N'-

2-ethanesulfonic acid, pH 7.4; HBSS - Hanks' balanced salt solution, pH 7.4;
SDS~PAGE - NaDodSO, - polyacrylamide gel electrophoresis
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centrifugation as previously described (16), were suspended at the indicated
concentration in 140 mM NaCl and 20 mM N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid, pH 7.4 (NH). Differential cell counts routinely revealed
> 95% neutrophils. Protein kinase activity at the cell surface was assayed by
adding 20 ul of NE containing various ions, as 1591cated, to 4C ul of NH
containing 1 x 10" neutrophils and 10 pCi of [y-"“PJATP (specific activity 4500
Ci/mmol, ICN) in Eppendorf tubes, and incubating the mixture at 37°C for the
indicated time. Diisopropylflucrophosphate (DFP) (Sigma), unless otherwise
indicated, was then added (final concentration 10 mM) and the samples were
incubated for 2 min at 23°C. The mixture was then centrifuged at 13,000 x g for
2 min at 23°C, the supernatants were removed and added to twice concentrated
sampie buffer (16) and the cells were resuspended in 70 ul of sample buffer.
Samples were immediately incubated for 2 min at 100°C and analyzed by
NaDodSO,-polyacrylamide gel electrophoresis (SDS-PAGE). Gels were stained,
dried, énd examined by autoradiography using Dupont Cronex film.

In some cases, cells were allowed to5adhere before assaying ecto-kinase
activity. In these cases, 1 - 10 x 107 cells in 50 u1 of Hanks' balanced salt
solution, pH 7.4 (HBSS) were allowed to adhere for 30 min at 37°C to wells of a
96 well microtiter plate in 5% CO0,. The buffer was then aspirated and the
adherent cells were washed twice %1th 200 ul of NH at 23°C agg 20 1 of NE was
added to each well, Sixty pl of NH containing 10 uCi of [y-"“PJATP and various
ions as indicated were then added and the mixture was incubated for 10 min at
37°C. After treatment with DFP as described above, the supernatant was removed
ard analyzed as above. Sample buffer (70 ul1) was then added to each well and
after 1 min the solubilized cell extvract was remeved, incubated at 100°C for 2
min and anaiyzed by SDS-PAGE as above. In some cases,,3s indicated, 10 ng of
casein (Sigma) were added to the reaction mixture and “°P incorporation was
determined as described ghove.

Radiolabelling with H,”“PQ,. xperiments identical to those described above
wer§2performed using 107cr 160 wCi of H,”“P0, (carrier free, ICN) in place of
[y-"PA B. In some cases, equivalent éonceﬁtrations of unlabelied ATP (Sigma)
(4 x 107*°M) were also added.

£ell Surface Trypsinization. In some cases, befare or after radiolabelling,
10" cells were suspended in 20 pl of NH containing 0.01% TLCK-trypsin (Sigma) in
Eppendorf tubes for 10 min at 37°C to remove trypsin sensitive celi-surface
proteins, Cells were recovered after trypsiriization by adding 1 ml of NH and
centrifuging at 13,000 x g for 2 min at 23°C. Cells remained >95% viable after
trypsin treatment as determined by dye exclusion.

RESULTS

Divalent cation dependence of protein phosphorylation. The addition of
[y—32P]ATP to 1ive human neutrophils irn the presence of 1.8 mM Ca2+, 0.8 mM
mg%t, and 1 mM M2t 32
proteins (Fig 1, lanes A and B). Similar ““P labelling of proteins occurred in
the presence of 1 mM Mn2+ without Ca2+ 2+ (Fig 1, Tanes C and D). The
additicr of the phosphatase inhibitors Na,zVO4 and Na2M004 (lanes B and D)
resulted in much more detectable 32P—1abefled protein than when the phosphatase
irhibitors were not present (lanes A and C), but did not alter the electro-

resulted in the incorporation of ““P into a variety of

32

or Mg

phoretic pattern of the phosphoproteins. Therefore, 200 uM Na3V04 and 200 uM
Na2M004 were added to all radiolabelling reactions described here unless
otherwise indicated. No protein radiolabelling was detected in the absence of
divalent cations (lane E). Little protein radiolabelling was detected in the
presence ¢f 1.8 mM Ca2+ alone (Lane I}. Much less radiolabelling was observed
with 0.8 mM Mg2+ alone (lane J), or 1.8 mM ca®" and 0.8 mM Mg2+ (lane F) than
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Figure 1. 32P-1abe]]1ng and SDS-PAGE,cf 1ive human neutrophils. Cells were

radiolabelled in the presence of [y-"“PJATP and the indicated concentrations of
divalent cations, and analyzed by2§DS—PAGE andzgutoradiogggphy as described in
th§+text. Lanes A,B,G: 1.8 mM Ca” , 0.8 mM Mg~ , 1,mM Mn" 1ane52§,D,H: 1mM
Mn

1ane2§: no divalent catiog;; lane F: 1.8 mM Cazmand 0.8 mM Mg~ ; Tane I:

1.8 mM Ca“ ; lane J: 0.8 mM Mg" ; lanes B,D,E-J, : 200 uM Na,V0, and 200 uM
NaZMOO . Two different exposures of the autoradiograph of ]gneé A-D are shown
to dem%nstrate that the phosphoprotein patterns seen in the presence and absence
of Na VO4 and Na,MoO, are similar. Proteins used as molecular weight standards
(Sigmg) were: m§osiﬂ heavy chain, 200,000; E. coli g-galactosidase, 116,000;
phosphorylase B, 97,400; bovine serum aibumin, 66,000; ovalbumin, 45,000; and
carbonic anhydrase, 29,000,

was seen in the presence of 1.8 mM Ca2+, 0.8 mM Mg2+, and 1 mM an+ (Tane G) or
1 mM Mn2+ alone (Tane H). Similar results were seen with adherent cells (not
shown). Cell viability, as determined by trypan blue exclusion, was not changed
by any of the radiolabelling reactions.

Kinetics of protein phosphorylation. Incorporaticn of 32P into preteins by
Tive human neutrophils following the addition of [y-32P]ATP was rapid (Fig 2).
Radiolabelling was maximal by 10 min (lane C} and nearly maximal after only
1 min (Tane A). The addition of unlabelled ATP caused a dose dependent decrease
in protein radiolabelling, and the non-hydrolyzable ATP aralogue AMP-PNP
(2.5 mM) eliminated 32P—1abe111ng while the addition of 10 mM NaPO4 had no
effect (not shown). No protein radiolabelling was detected when cells were
incubated with the same activity of H3321304 (Tanes F-H). This excludes the
possibility that 32PO4 released from [Y-sz]ATP by ecto-ATPase activity entered
the cell and was utilized to give the observed pattern of protein
phosphorylation. When a 10-fold greater quantity of H332PO4 was added, some
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Figure 2. Kinetics of proteigzpbosphory1ation. Human neutroph%ls were 1abe%1ed
by 1ncu5a§ion with 10 uCi [y-"“PJATP in the presence of 1 mM Mn“", 0.8 mM Mg“',
1.§ZmM Ca™ , 200 uM Na3V0 and 200 uM Na M004, (1anes A-E, and L) or loaded with

PO, [10 uCi, lanes F-ﬁ; 100 uCi, 1angs 12K and M] for various times, as
1ﬁdica ed, and analyzed by SDS-PAGE and autoradiography as described in the
text. Lanes I-K were exposed three times as long as the other lanes.

protein radiolabelling could be detected (lanes I-kK)}. Lanes I-K were exposed 3
times longer than the other Tanes of Fig 3 to¢ show the pattern of protein
radiolabelling. Lanes L and M show 32P-]abe]]ed proteins from cells labelled
with [Y-SZP]ATP or H332P04 analyzed by SDS-PAGE on the same gel for comparison.
The pattern of 32P-]abe]]ed proteins seen in cells labelled with [y—szP]ATP
(Tane L) was different from that observed from cells loaded with H332P04

(lane M).

Effect of trypsin treatment on cell-surface protein phosphorylaticn. To
confirm that the 32P—]abeﬂed proteins under study were cell-surface proteins,
cells were treated with trypsin before or after radiolabelling (Fig 3). When
cells were incubated for 10 min in NH before radiolabelling by incubation with
[y—eZP]ATP, the pattern of 325 1abelted proteins (Fig 3, Tane B) was similar to
that seen with untreated cells (lane A). In contrast, when cells were incubated
with trypsin before radiolabelling (Tane C), the quantity of 32p_1abelted
proteins detected was markedly decreased. When radiolabelled cells were
incubated for 10 min in NH, the pattern of 32P—1abe11ed proteins (lane D) was
similar to that seen in untreated cells (lane A) and a small amount of
32P—1abe11ed proteins was detected in the supernate of the incubation reaction
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Figure 3. Trypsin treatment of neutrophils before or after 32P-1abe]11ng.

CelTs were incubated with NaCT-HEPES (lanes B and D) or 0.01% TLCK-trypsin for
10 min at 37°C (lanes C %nd F) before (lanes B and C) or jter (tanes 9 and F)
radio]abe}11ng w1th [y- P]ATP in the presence of 1 mM Mn 0.8 mM Mg~ ", and
1.8 mM Ca“®" as described in the text. Cells incubated after radiolabelling were
recovered by centrifugation, and cells and reaction supernatant were analyzed
separately. Lane E, supernatant of NaC1-HEPES incubation: lane G, supernatant
of trypsin incubation. Samples were analyzed as in Figure 1. Cells remained

> 95% viable after trypsin treatment as determined by dye exclusion.

Figure 4. Phosphory1a§1on of exogenous casein by live human neutrophils,
Neutrophils (1.25 x 10 /we]]) were allowed to adhere in HBSS to 96 well
m1c§Qt1ter plates fEK 30 min at 37°C, washed, and 60 pl1 of NH containing 10 uCi
[y-"“PJATP, 1 mM Mn“=", 200 uM Na,Mo0,, 200 uM Na VO , with (lane B) or without
(Tane A} 10 ug of casein, and thé m1§ture was 1néubated for 10 min at 37°C. The
supernate was removed and analyzed by SDS-PAGE and autoradiography as described
in the text. In companion experiments, identically prepared adherent
neutrophils were incubated 55” 10 min at 37°C in the same reaction buffer
described above without [y-"“PJATP or casein and the supernatant was collected,
centrifuged at 13,000 x g for 10 min and then tesgsd for protein kinase activity
(lanes C and D). Ten ug,of casein and 10 uCi [y-""PJATP were suspended in 60 pl
of NH containing 1 mM Mn“ , 200 uM Na,Mo0,, and 200 uM Na,V0, (Tane C) or 60 ul
of supernatant from adherent cells (ldne 6), incubated fo% 18 m1n at 37°C, and
analyzed as in Figure 1.

(lane E). In contrast, incubation of radiolabelled cells with trypsin markedly
decreased with the amount of 32P—]abeHed proteins remaining cell-asseciated
(Tane F) and little radiolabelled protein was detected in the supernate of the
trypsin incubation (lane G). This brief trypsin treatment did nct affect cell
viability as determined by dye excliusion.

Phosphorylation of exogencus proteins. To test the ability of the ecto-kinase
to phosphorylate exogenous substrates, casein was added to the reaction mixture

(Fig 4). Extracellular casein was rapidly phosphorylated by Tive human neut-
rophils in the presence of [y-32P]ATP (lane B) but 1little autophosphorylation
occurred in the absence of cells (lane C). No kinase activity could be detected
in the supernatant of identically treated neutrophils (lane D) using casein as 2
phosphate acceptor, thus confirming that the kinase activity was present on the
cell surface.

11
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DISCUSSTON

While most studies of protein phosphorylation have been directed at intra-
cellular reactions, recent studies have suggested the existence of ecto-protein
kinase activity on the surface of several types of cells (7-11). Nuclectides
can be released by many cell types including endothelial cells, platelets, and
neurons, but the physiologic role of these nucleotides is not well defined
(17,18). Other recent studies have suggested a possible rele for extracellular
ATP in human neutrophil function (12,14,15).

The studies repcrted here provide evidence for ecte-protein kirase activity on
the surface of human neutrophils. Addition of extrscellular [Y—32P]ATP, but net
H332P04, to neutrophils resulted in rapid incorporatiocn of 32P inte cellular
proteins. In addition, the pattern of protein phosphorylation seen w1th “‘Pb
lcading of celis was different from that seen with the addition of Lyu PIATP.
These results suggest thet the protein phosphorylation seen with the addition of
extracellular [y— P]ATP was not due to uptake and utilization of PO4 released
by ecto-ATPase action. The sensitivity to trypsin of the proteins radiclabelled
by addition ef [Y-32P]ATP also suggests that these proteins are located on the
cell surface. The ability of adherent cells to phosphorylate the added
exogenous substrate casein while no protein kinase activity was detectable in
supernates from identical cell preparations using the same subsirate, provided
further evidence for a cell surface associated protein kirase activitly.

While Mn%*
kinase activity (activity detected at <4 uM Mn2+), significart ecto-kinase
activity was also detected at physiologic concentraticns of M92+ {not shown).
The relationship of the observed ecto-protein kinase activity to the previously
described M92+—dependent ecto-ATPase on neutrcphils (19; is not known.
Stimulation of neutrophils with N-formyl-met-Teu-phe or TPA aid not alter
ecto~kinase activity (not shown), however, the rapid kinetics of protein
phosphorylatior may have obscured any effects of these agents. Thus, these
studies provide strong evidence for the existence of an ecto-proteir kinase
activity or the surface of human neutrophils cepeble of phosphorylatine
intrinsic cell membrane proteins as well as exogencus proteins. Phosphorylation

was the most potent divalent cation studied at supporting ecto-

of surface proteins may play a role in neutrophil functicn while phosphorylatior
of extracellular proteins may modulate their function or uptake and processing
by other cells. For example, phosphorylation of extracellular lyscscmal enzymes
could alter their uptake by cells via the mannose-6-phosphate receptor (20). 1In
addition, neutrophil ectckinase might phosphoryiate surface proteins of other
cells. While it seems likely that this kinase is physiclogically important, its
exact role in neutrophil function remain: to be defined.
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