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Abstract

Gelsolin is an actin-binding protei(82 kDa consisting of six repeated segme&l-S6, each approximately 120
residues long. It interacts with phospholipids and we previously showed that phosphatidylinositol 4,5-bisphosphate
promotes phosphorylation of gelsolin by the tyrosine kinase c-Src. We used a combination of different methods, such
as thin-layer chromatography and anti-phosphotyrosine-agarose immunoprecipitation of phosphopeptides combined
with matrix assisted laser desorption ionization-mass spectroifidi.DI-MS ) and post source dec&SD analysis,

to identify the phosphorylation sites in gelsolin. The major phosphorylatior{ Ejt&38) was located in subdomain 4

(S4). Phosphorylation of gelsolin in the gelsolin-agtcomplex was inhibited by 90%. Gelsolin phosphorylation by
c-Src in the presence of lysophosphatidic acid also revealed Tyr438 as the most prominent site. Additional minor sites
were found using the anti-phosphotyrosine bead immunoprecipitation method followed by MALDI-MS and PSD
analysis. These sites, representing% of the total phosphate incorporation, were identified as Tyr59, Tyr382, Tyr576,
and Tyr624. Based on these results we generated antibodies which specifically recognize Tyr438 phosphorylated
gelsolin.

Keywords: electrospray ionization mass spectrometry; gelsolin; matrix assisted laser desorption ionization—time of
flight—-mass spectrometry; post-source decay; thin-layer chromatography; tyrosine phosphorylation

Gelsolin is a widely distributed actin-binding protein that seversactin, trimer releases one actin subunit at the reversiblé*€a
actin filaments and is also the founding member of a family ofdependent site. The EGTA-resistant gelsolin-actin complex caps
related actin-binding proteins consisting of a discrete number othe fast growing ends of filamentso-called+ ends but has lost
segmentgthree or six that display internal homology with each its severing activity(Janmey et al., 1985Acidic phospholipids
other(Vandekerckhove, 1990Members include villinBretscher  such as phosphatidylinositol 4,5-bisphosphé®P,) dissociate
& Weber, 1979, adseverir{Maekawa et al., 1989containing six ~ gelsolin from filaments ends so that the filaments are free for
segments each, and fragmseverin from lower eukaryotdthree  polymerization(Janmey & Stossel, 1987This mechanism lies at
segments In the presence of calcium, gelsolin binds two actin the basis of thrombin activation of platelets and associated changes
monomers. Addition of the calcium chelator EGTA to this gelsolin- in the actin cytoskeletofHartwig et al., 1995

We recently described phosphorylation by c-Src of a group of
actin-binding proteins interacting with PJPAlthough phosphor-

Reprint requests to: Joél Vandekerckhove, Flanders Interuniversity Inylation in the absence of phospholipids was weak but detectable, a
stitute for Biotechnology, Department O.f BiOCheI’T?iSFI’y, Universiteit Gent, very strong induction of phosphate incorporation could be mea-
Ledeganckstraat 35, B-9000 Gent, Belgium; e-mail: Joel.vandekerckhove@ured in vitro when the actin-binding proteins were incubated with
rug.ac.be. . .

Abbreviations:DTT, dithiothreitol; ESI-MS, electrospray ionization- 1P (De Corte et al., 1997 This was found not only for gelsolin,
mass spectrometry; KLH, keyhole limpet hemocyanin; LPA, lysophosphatididout also for the capping protein CapG from macrophages and the
acid; MALDI-TOF-MS, matrix assisted laser desorption ionization—time of ubiquitous G-actin sequestering protein profilin. Of all phospho-

flight-mass Sdpe‘:trometry; Pd’éphOSpha“dﬂi”OS“ﬁ.'1;5'bri1§ph05phatl?? P,(?DH lipids tested, PIRdisplayed the highest activity, resulting in a 25-
post-source decay; RP-HPLC, reverse phase—high performance liquid chro- . h . . .
matography; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel elec?o 30-fold increase in the phosphorylation rate. Interestingly, this

trophoresis; 2D, two-dimensional; TFA, trifluoroacetic acid; TLC, thin- €ffect was also observed to the same extent when lysophosphatidic
layer chromatography. acid (LPA) was presenfMeerschaert et al., 1998The latter ob-
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servation suggests that LPA may act as an intracellular modulator ESI-MS spectra recorded for peak No. 1 revealed a mixture of
next to its known function as an extracellular agent, inducingfive different peptidegFig. 1B). The peptide with an observed
changes in the actin cytoskeleton via a receptor-mediated signaholecular mass of 3481(8-0.1) Da (peptide D in Fig. 1Blikely
transduction mechanisiMoolenaar et al., 1997Phospho-peptide  corresponds with the phosphopeptid&iR*>*in accordance with
maps of gelsolin phosphorylated by c-Src either in the presence aine phosphorylation siténcorporation of one phosphate accounts
PIP, or LPA suggested that both compounds enhance phosphorfer 80 Dg since the average maéhl,,) of the unphosphorylated
lation of the same residues, although these sites were so far npeptide was calculated at 3,400.7 Da. Th¢z (mass to charge
located in the primary structurévieerschaert et al., 1998 ratio) of 871.4 corresponds to the quadruply charged phosphoform
To obtain better insight in the potential role of phosphorylation of the same peptide, whereas the value of 1,161.6 conforms with
of these proteins, we located the phospho-tyrosine residues in gelstie triply protonated phosphoform. The four other peptides with
lin through a combination of several protein chemical methodsobserved molecular masses of: 2,273.1 (B&°°-K ¢2) (peptide
One major site Tyr438) and four minor sites were identified. The A), 2,844.9 Da(N%68-R3%?) (peptide B, 2464.8 Da(V 276-K 30)
latter could only be identified through MALDI-mass spectrometry. (peptide G, and 3,003.8 D&V *°°-R52%) (peptide B, respectively,
correspond with nonphosphogelsolin peptides. Although peak 1
was not homogenous, we were able to confirm the sequence of the
phosphopeptide by conventional Edman degradatiort?adRr>4.
Interestingly, while peptide*?>-R*54 produced a minor fraction of
ions in the electrospray mode, Edman degradation revealed it was
one of the major peptides of the mixture. Peptith-R*>* (*29EG-
We followed two strategies in identifying the positions of the SNKVPVDPATYPGQFYGGDSYIILYNYR“®4) contains five po-
phosphotyrosine residues. The first consisted of a conventiondkential target sites. However, no PTH derivative could be detected
approach in which a tryptic peptide mixture, derived fréfP- in the course of Edman sequencing when the first tyrosine residue
labeled phosphogelsolin, was passed over a reverse-phase columvas expected. Since the second tyrosine was detected normally
Twenty percent of the eluate was analyzed on line by ESI-MS(further sequences were not clearly assigned due to the complexity
while the remaining part was collected for further characterizationof the mixturg, we indirectly concluded that Tyr438 constituted the
following peptide detection by UV absorbance at 214 nm. Selectedbest candidate for phosphorylati¢gee below for confirmation
peptides of interest were sequenced by Edman degradation. A similar ESI-MS analysis of peak No. 2 revealed the presence
In the second approach a similar digest was separated by 205f at least three peptides, one of which showed a derived molecular
peptide mapping on cellulose thin-layer plates, followed by auto-mass of 2,850.9+0.2) Da (peptide A (see Fig. 1¢. This value
radiography. The radiolabeled peptides were extracted from theorresponds with peptide %*-R*%* covering the same phospho-
cellulose support and immuno-absorbed onto agarose beads cdyrosine but derived by additional cleavage at the Lys430—-Val431
rying a monoclonal antiphosphotyrosine antibody. Next, these beadsond. The two other peptides correspond with regiGA*K 521
were transferred to the target disc of the MALDI mass spectrom{molecular mass 2,032.9 Ddpeptide B and region N®8-K420
eter, desorbed on target and analyzed. Peptides were identified lgnolecular mass 5,702.0 Dépeptide Q.
their total mass and by their post-source de@@gD fragmenta-

Results

Tyr438 is the major phosphorylation site
in human gelsolin

tion pattern. Thin-layer peptide mapping and phosphopeptide analysis
o ) To avoid the formation of large tryptic phosphopeptides, which
Stoichiometry of tyrosyl-phosphorylation could be insoluble during separation on cellulose supports, we now

Purified human plasma gelsolin was phosphorylated for 90 mircarried out a double digestion, using endoproteinase Lys-C fol-
at 37°C by c-Src(2.5 U) in the presence of a 90-fold molar excess lowed by the Asp-N protease. The resulting peptide mixture de-
of PIP,. Whereas 0.036 mol phosphateol gelsolin was obtained  rived from 180 pmol of phosphogelsolin was separated on cellulose
in the absence of PR 0.86 mol phosphatenol gelsolin was thin-layer plates using a combination of electrophoresis at pH 3.5
measured when gelsolin was incubated with,PTrhe latter value  followed by a chromatographic step. The phosphopeptide auto-
is much higher then was reported previousye Corte et al., radiogram reveals two major spots, labeled 1 andrig. 2 and
1997 and is most likely due to the use of a different batch of four minor ones, labeled 3-6. It is important to mention that very
[v32-P]ATP, which was currently obtained from NEN Life Science little radiolabel was detected at the origin of peptide application,
Products. PreviouslyDe Corte et al., 1997y3%-P]ATP was ob-  which indicates that some insoluble phosphopeptides could be
tained from ICN Biochemical§¢Costa Mesa, CalifornjaOur re-  present but in very low amounts.
cent result indicates that nearly quantitative phosphorylation is The radiolabeled peptides were extracted from the cellulose sup-
achieved, provided only one major site is present in gelsolin.  port and recovered by immuno-absorption on agarose-immobilized

phosphotyrosine antibodies. The MALDI-TOF spectrum of the

The HPLC approach desorbed peptide No. 1 is shown in Figure 3A. This spectrum was

c-Src phosphorylated gelsoli(860 pmo) was digested with recorded in the linear mode and was not disturbed by potential
trypsin and the resulting peptides separated on-eelerse-phase contaminants that could have been present in the cellulose matrix
column. Two major radioactive peaks could be assigned in ther solvents used in the separation procedure. This observation is
UV-absorbency chromatografifig. 1A), containing 92,000 cpm important because it means that this procedure could be a reliable
(peak No. 1 and 11,600 cpmipeak No. 2, respectively. Com- general approach for phosphotyrosine analysis. The major peak
bined, these fractions account for approximately 25% of the totatevealed anm/z value of 1,550.41 Da corresponding with the
radiolabel present in the unfractionated peptide mixture. Althougtphosphorylated peptide®*-G#44. The PSD spectrum of this pep-
these recoveries are not low, this moderate value suggested that sotiie (Fig. 3B) confirmed its identity and provided direct evidence
other peptides could have been lost, most likely due to insolubilityfor phosphorylation at position 438. The phosphopeptidéV
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Fig. 1. Separation of?P-labeled gelsolin tryptic peptides by reverse-phase HPLC followed by ESI-MS analysis of the radioactive
peptide peaksA: Narrowbore reverse-phase HPLC chromatogram of the tryptic peptides of phosphorylated gelsolin. The absorbance
at 214 nm is showtf ) (AUFS, absorption unit full scaJeThe dashed line shows the percentage of solutigad&tonitrile in

waten (———-). Radioactive peptides are numbered 1 ari8: ESI-MS analysis of radioactive peptide peak 1. Ty (mass to charge

ratio9 of the peptides are shown on top of the peaks, while the derived molecular weight of the different peptides is shown in the right
corner. Them/z of 1,161.6(D3) corresponds to the triply protonated phosphopeptide D. The value of 834)4orresponds to the
quadruply charged phosphoform. The molecular weight of this phosphopeptide is 348118 C: ESI-MS analysis of the radio-

active peptide peak 2. The/z values of 1,426.4A2) and 951.3A3) correspond to the doubly and triply charged phosphopeptide,
respectively, which has a derived molecular weight of 2,8%8.9.2).

G** migrates during electrophoresis at pH 3.5 with a net chargddentification of the minor phosphorylation sites in gelsolin
that is weakly positive, due to full protonation of theNH, group
and poor dissociation of the aspartic aggdCOOH-group and  To identify the minor phosphorylation sites in the c-Src phosphor-
phosphate group. ylated gelsolin(Fig. 2), phosphogelsolin was digested with endo-
The second radioactive sp@pot 2 showed streaking during Lys-C, and phosphopeptides were immediately immunoprecipitated
electrophoresis, suggesting limited solubility at low pH. Although with the anti-phosphotyrosine agarose and analyzed by MALDI-MS
it represents approximately one-third of the total radiolabel of theand subsequent PSD analysis, without an intermediary TLC puri-
original peptide mixture, it is most likely not @hosphgpeptide fication step. Five peaks were observed, corresponding with four
because(1) no radiolabel was absorbed by the agarose-boundlifferent phosphopeptidg$ig. 4). Notice the low signal to noise
antibodies, while nearly 100% was absorbed for spd2ilwhen ratio, indicating low yield recoveries of minor phosphorylation
phosphoamino acid analysis was performed, no radioactivity wasites. PSD analysis could be performed on three of these peptides,
found to comigrate with phosphoamino aci@ata not shown allowing their identification(results not shown The peptide with
(3) the same spot with unchanged characteristic chromatographi@ mass of 1,242.9 Da most likely corresponds with tAgA 632
behavior was also observed when other proteases, such as trypsiaguence containing one phosphotyrosing624). The amino acid
or thermolysin, were use(lata not shown Taken together, the sequences of the additional phosphopeptides are shown in Figure 4
TLC-MALDI approach confirms our previous conclusion for a revealing minor phosphorylation sites at Tyr59, Tyr382, and Tyr576,
major phosphorylation site at Tyr438, while additional sites mayrespectively. The phosphopeptide corresponding with the major
be presentsee minor spots labeled 3, 4, 5, andftough at much  Tyr438 site is not present in this spectrum because it is expected to
lower amounts. appear in a peptide with a predicted high mé&922.9 Da not
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Fig. 2. Phosphopeptide map &tP-labeled gelsolin, subsequently digested 0] D PA T YP GQ F Y 1550.4
with endoproteinases Lys-C and Asp-N. The peptides were resolved by 56

electrophoresis at pH 3.5 in the horizontal dimension and by ascending
chromatography in the second dimension. The autoradiogram was exposed
overnight at-=80°C. The positions of the radioactive spéts-6) are shown. 250 |
The origin of application is also indicated. The cath¢e¢ and anodé+)
positions are shown.

covered by this analysis. However, when phosphogelsolin was
digested with trypsin, the phosphopeptidé?>-R*5%), with a de-
rived molecular mass of 3,479.88 Da, was identified by direct
MALDI analysis (data not shown In this experiment an addi-
tional, weakly ionizing phosphopeptide, was also found corre-
sponding with the doubly phosphorylatéd+R*>* phosphopeptide
(3,560.01 D& We do not know which of the four other tyrosine Fig. 3. MALDI-MS analysis of spot 1A: MALDI-MS spectrum of spot 1

residues next to Tyr438 is phosphorylated because no PSD daf€® Fig- 2 Cellulose was scraped off the plate, the phosphopeptide was
could be collected eluted in Tris-buffer and incubated with anti-phosphotyrosine-coupled

o . . agarose. The 2,747.18 and 2,778.23 Da peaks theoretically do not corre-
These additional phosphorylation sites account for only a marspond with gelsolin peptides and further identification was unsuccessful.

ginal percentage of incorporated phosphate and are far below th& MALDI-PSD spectrum of the 1,550.41 Da peptide. The b-ions are

degree of phosphorylation observed in Tyr438. We looked back tdndicated. The matching sequence of the phosphopeptide is showr: A.I.

the ESI-MS profile and only in the case of Tyr382 there was a weal@PSOlute intensity.

indication for the presence of the corresponding phosphopeptide.

400 600 800 1000 1200 1400 miz

Antibodies specific to the pho438 region recognize Finally, we also studied phosphorylation of human recombinant
gelsolin phosphorylated by c-Src in the absence of cytosolic gelsolin and identified the same target tyrosine residue.
phospholipids or after stimulation with LPA or PP The phosphorylation was limited in the absence of phospholipids,

Human plasma gelsolin phosphorylation by c-Src was carried ou@s for plasma gelsolin, but was highly stimulated in the presence of
in the presence of Ppas activator. The conditions used resulted PIP. and LPA(data not shown These studies indicate that there is
in a near stoichiometric modification at residue Tyr438. When theno difference in c-Src phosphorylation between the secreted and
same experiments were carried out in the presence of |ysoph0§¥t0$0|ic forms of gelsolin with I’eSpeCt to the tyrosine target site
phatidic acid as activatofwhich binds to several actin-binding and the stimulation by PHor LPA.

proteins of the gelsolin family we observed phosphorylation of
the same site. A chemically synthesized phosphotyrosine peptid
covering the region around Tyr438 was coupled via an,NH
terminal cysteine residue onto keyhole limpet haemocyanin an
used to immunize rabbits. As shown in Figurddnes aandhthe  To investigate the possible role of gelsolin phosphorylation on
anti-phosphopeptide antibodies specifically recognize c-Src-phosactin-binding, we reconstituted 1:1 and 1:2 complexes between
phorylated gelsolin preincubated with LPA, while the unphosphor-gelsolin and muscle actin and subsequently phosphorylated gelso-
ylated form was not detected. In the absence of any activatindin by c-Src(in the absence of phospholipjd$elsolin(2.5 uM)
compounds, partial phosphorylation was also detected at this resvas incubated with actif2.5 or 5uM) in the presence of 0.2 mM
idue. This was substantiated with the anti-phosphotyrosine-MALDICa". After 2 h incubation at 4C, the complexes were phosphor-
approacHhdata not shownand confirmed by Western blot analysis ylated with c-Src for 90 min and analyzed by SDS-PA@BY%)

(Fig. 5, lanes c2 and d2A polyclonal antibody against gelsolin and autoradiographigee Fig. 6. The gelsolin-actin dimer was less
was used as an internal contf¢dnes c1 and dl efficiently phosphorylate¢60% inhibition in comparison to gelso-

%hosphorylation of gelsolin in the gelsolin-actin dimer
é)r the gelsolin-actip trimer complexes
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Fig. 5. Antibodies raised against the pho438 gelsolin peptide specifically
recognize c-Src phosphorylated gelsolén. Phosphorylation of gelsolin
preincubated with LPA and probed with antibodies specific for phospho-

1500 2500 3500 4500 5500  miz 438-gelsolinb: Unphosphorylated gelsolitontro) probed with the same
antibodiesc: Phosphorylation of gelsolin in the absence of phospholipid;
Mass (Da) PSD  Phosphopeptid the_ Iam_e was cut in two and then'probgd vv_lth either polyclonal gelsolin
assBal 255 TH0sphoneplice antibodieqlane 1 or pho438-gelsolin antibodigane 2. d: Unphosphor-
1242.9 2A AYPRTSPRLK! ylated gelsolin; lane d was also cut in two and probed with the same

antibodies as described (o). M = Molecular weight marker§2, 67, and

1919.9 +  S'TPSAAYPLWVGTGASEAEKS
2784.8 + YFDLVPVPTNLY?*GDFFTGDAYVILK" 45 kDa are shown
5774.2 + SSNWRDPDQTDGLGLSYPLSSHIANVERVP
FDAATLHTSTAMAAQHGMDDDGTGQKH¢20
ward this aim we determined the main tyrosine target residue in
Al gelsolin. The initial experiments were carried out with human plasma
B gelsolin, but identical results were also obtained with the human
250 2784.8 recombinant cytosolic isoform.
For these studies we used two complementary protein chemical
200 approaches. One was based on the conventional HPLC-ESI-MS
1 P (Fenn etal., 1982combination, while the second approach involved
D_G Y™ LNTPV PV thin-layer peptide mapping followed by phosphotyrosine-specific
150 immuno-absorptioZhao & Chait, 1994 MALDI-TOF-MS (Karas
vi8 420 & Hillenkamp, 1988, and PSD analysi¢Spengler et al., 1992
100, yll  y13 y14 ‘ TLC-peptide mapping provided direct visualization of all phos-
| | phopeptides, revealing possible remaining phosphorylated pep-
M e ‘ tides at the origin of application. Such peptides are insoluble and
50 ‘ h therefore mostly overlooked in conventional HPLC analysis. Our

present data showed that very little radioactivity was present at the
origin of application(Fig. 2). Interestingly, our MALDI measure-

Fig. 4. MALDI-MS spectrum of phosphorylated gelsolin peptidasPhos- ments were not disturbed by possible contaminants originating
phogelsolin was digested with endoproteinase Lys-C, incubated with thérom the cellulose or solvents, indicating this strategy was selec-
anti-phosphotyrosine-coupled agarose beads and analyzed by MALDI-MS;jye and efficient.

The masses corresponding to the phosphotyrosine peptides are indicated.

The phosphopeptide with a mass of 2,890.06 Da corresponds with the

doubly charged 5,774.24 Da phosphopeptide.A&bsolute intensity. The

sequences of the phosphopeptides corresponding with the minor sites are

shown belowB: MALDI-PSD spectrum of the 2,784.8 Da peptide. The 2+

y-ions are indicated and the matching sequence of the phosphorylated Ca EGTA

peptide is shown. 1 2 3 4

.. o= . < gelsolin
lin along, whereas phosphorylation of the gelsolin-agtinmer

was almost completely inhibite®0% inhibition). The addition of
EGTA (2.5 mM) to the gelsolin-actintrimer (to reconstitute the

EGTA resistant gelsolin-actin dimerestores phosphorylation of ‘ . E - < c-Src

gelsolin comparable to phosphorylation in th& Tomplex.

" 1400 1600 1800 2000 2200 2400 2600 mlz

Fig. 6. Gelsolin phosphorylation in the gelsolin-actin and gelsolin-actin
complexes. Gelsoli2.5 uM) was incubated for 90 min at 3T with the
appropriate amounts of G-actin in the presence of 0.2 m¥I @ad then

The present study strives to understand in more detail the bioloﬁggzgﬂﬁ Zf;;dlx?;gf ('g::gl:E_ﬁiﬂ‘;%‘_’glfgﬂg‘lffIsérll‘: Z?égsomrm

ical role of the PIR- and LPA-activated c-Src phosphorylation of complex incubated with EGTA corresponding to thgAGcomplex. The
a number of actin-binding proteins, in particular of gelsolin. To- fim was exposed for 60 h at80°C.

Discussion
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The major target Tyr438 is located within a highly conservedBoehringer(Mannheim, Germany a-Cyano-4-hydroxycinnamic
region of the gelsolin sequence in segment@rlapping GIn419  acid, purchased from Sigma, was recrystallized in ethanol prior to
to Leu512 (Burtnick et al., 1997. Although the exact binding site use whereas 2,5-dihydroxybenzoic a¢kluka, Buchs, Switzer-
of G-actin to gelsolin S4 is not knowtPope et al., 1995it has  land) was used without further purification.
been postulated, based on the sequence homology between S1 and
S4 of gelsolin, that thex helix in S4 (residues GIn473—-Glu438
could also be important for actin-bindir@ope et al., 1995 Be-
cause Tyr438 is located outside the presumed actin-binding sit&Gelsolin was purified from human plasma according to Cooper
we hypothesize that the inhibition of phosphorylation of the gelsolin-et al. (1987). Recombinant human cytosolic gelsolipET11-
actin, trimer is due to sterical hindrance. gelsolin vector transformed iEscherichia colipSCM-26 strain

To identify the minor phosphorylation sites, we also used the(Mertens et al., 199% was kindly provided by K. Meerschaert
more direct anti-phosphotyrosine immuno-absorption approacliDepartment of Biochemistry, University Gent, BelgiurRabbit
(Zhao & Chait, 1994 starting from the complete peptide mixture, skeletal muscle actin was prepared according to established pro-
followed by MALDI mass spectrometry and PSD analysis. We ceduregSpudich & Watt, 1971Land isolated as G4-G-actin by
were able to identify at least four additional, but minor, c-Src targetchromatography over Sephadex G200 in G-buffermM Tris/
sites(Tyr59, Tyr382, Tyr576, and Tyr624These minor sites most HCI pH 7.7, 0.2 mM ATP, 0.5 mM 2-mercaptoethanol, 0.2 mM
likely would have escaped detection by other methods. Their iden€aCh, and 0.02% Nah). Recombinant human c-Src kinase had a
tification illustrates the high sensitivity of the MALDI-MS ap- specific activity of 900,000 ¥mg and was obtained from Upstate
proach even starting from nonradioactive material. Biotechnology IncorporatetNew York, New YorK.

Src is suggested to play a role in the organization of focal PIP, and LPA from Sigma were dissolved in wat&rmM final
adhesions mediated by integrin receptors and several of these comencentration PIP, was sonicated for 30 min in a Branson S75
ponents are substrates of v-Src including paxillRichardson  sonicator(Branson Sonic Power Co., Danbury, Connecliartd
et al., 1997, p13C2 (Petch et al., 1995 talin (Pasquale et al., stored in aliquots at-80°C. Before use PlfPwas sonicated for an
1986; DeClue & Martin, 198) tensin(Davis et al., 199}, vin- additional 5 min.
culin (Sefton et al., 1981 and FAK (Schlaepfer & Hunter, 1996
v-Src also induces membrane ruffling and lamellipodia in cells
with PI-3 kinase(Haefner et al., 1995 ezrin (Krieg & Hunter,
1992, cortactin (Huang et al., 1997 and p190Rh&"" (Ellis
et al., 1990; Bouton et al., 1994s substrates. Reactions were performed as described previou3g/Corte et al.,

So far in vivo phosphorylation of gelsolin by Src has escapedl997). Briefly, gelsolin(2.5 M) was phosphorylated with 2.5 U
detection. Our in vitro data show a very strong stimulation of c-Src at 30C for 90 min with or without PIR or LPA (used at
phosphorylation only in the presence of Pt LPA. It was also  225uM) in a total volume of 12.5L containing 10 mM TrigHCI
demonstrated that PJRloes not act directly as an activator of pH 7.5, 10 mM MgC}, 100uM ATP, and 1 mM DT T[y-3?P] ATP
c-Src, but rather that gelsolin is turned into a better substrate whehad a specific radioactivity of 1,000—1,500 cfgmol. After phos-
interacting with the phospholipids. Other reports have pointed tghorylation the samples were boiled for 3 min and cooled on ice.
effects of PIR on gelsolin function. For instance, in vitro studies Trypsine(1:40 ww) was added together with 10L of a 30 mM
have shown that gelsolin modulates the activity of several impor-Tris/HCI pH 8.0 solution. Alternatively, endo-Lys-(:40 w/w)
tant signaling enzymes through interactions with PIFhis is the  and 1.5uL of a 10X concentrated solutiof250 mM Tris/HCI pH
case for the phosphoinositide-specific phospholipaséBénno 8.5, 10 mM EDTA were added. In both cases the digestion was
et al., 1992; Baldassare et al., 1997; Sun et al., 199id phos- allowed to proceed fo4 h at 37°C. The proteases were denatur-
pholipase D(Liscovitch et al., 1994; Steed et al., 199Recently  ated by boiling the sample for 5 min and in the case of trypsin,
Chellaiah et al(1998 showed that osteopontin stimulates associ-trypsin inhibitor from Sigma was added in a 2.5 exo@g&v) over
ation between gelsolin and c-Src, leading to increased gelsolintrypsin. The following procedure is largely based on the one de-
associated PI-3 kinase activity and PIBvels in osteoclasts. This scribed by Zhao and Chail994. Anti-phosphotyrosingclone
shows that both components temporarily interact in vivo undePT66 coupled agarose was add@&duL suspensiopand the mix-
particular circumstances and that possibly under these or similaure was incubated overnight af@ with constant end over end
conditions gelsolin phosphorylation may occur. rotation. The beads were washed with 1 mL 10 mM /iHEI, pH

Having the antibodies, which are specific for gelsolin and pho438-7.5 supplemented with 200 mM NaCl and centrifuged briefly at
gelsolin, at our disposal, we are in a position to begin an extensiv@,200 rpm. The washing step was repeated four times and the
screening study in identifying cellular systems in which this eventbeads were finally washed twice with 1 mL of water.
happens and in locating phosphogelsolin inside the cell.

Proteins and lipids

Phosphorylation assays and immunoprecipitation of
tyrosine-phosphorylated peptides

Reverse-phase HPLC analysis of phosphogelsolin

Material h
aterials and methods Phosphogelsolin360 pmo) was dialyzed overnight at °C to

remove excess radioactive ATP. The sample was boiled and di-
gested with trypsir(1:40 ww) for 4 h at 37°C and the resulting
The [y-32P]ATP (3,000 Cymmol) was from NEN Life Science peptides were separated on a narrowboyec@erse-phase column
Products(Boston, MassachuseltsAnti-phosphotyrosine-agarose (2.1 X 50 mm) connected to a 140A HPLC instrument from Ap-
(clone PT66, keyhole limpet hemocyanin, and,HO were ob-  plied Biosystems Inc(Foster City, California The column was
tained from SigmdSt. Louis, Missoui. Trypsin, endoproteinase equilibrated in 0.1% trifluoroacetic acid’FA) and proteins were
Asp-N, and endoproteinase Lys{€equencing gradevere from  eluted with a linear gradient of 0 to 90% acetonitrile in 0.1% TFA

Materials
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at a flow rate of 8QuL /min. Radioactive peptides were monitored Prior to PSD analysis, the peptide of interest was separated from
by Cerenkov radiation and analyzed by amino acid sequencing anather peptides in the linear spectrum using a timed pulse of 700 V
ESI-MS analysis. Details with regard to the ESI-MS analysis carwith the FastPulé™ option. PSD spectra were acquired in 10-14
be found in De Corte et a(1996. Amino acid sequence analysis segmentgeach being the average of 50-100 spectnath each

was performed with a 477A model pulsed liquid-phase sequenatasegment representing a 25% decrease in reflectron voltage. The
equipped with a 120A phenylthiohydantoin amino acid analyzerspectra shown here are the result of the accumulation into a con-
from Applied Biosystems Inc. tiguous PSD spectrum using the Bruker FASTsoftware.

Two-dimensional phospho-peptide mapping . ) ) o

Peptide synthesis and generation of antibodies
Gelsolin (180 pmo) was phosphorylated as described above and ] ] )
further purified by reverse-phase HPLC. Adcolumn (4.6 x  The gelsolin phosphopeptide with the sequence, {GKVPVDP
210 mm, 5um particle size, 300 A pore size; Wdac, SeparationsATY "GQFYGGDS OH was synthesized with a 431A automated
Group, Hesperia, Californjavas equilibrated in 0.1% trifluoro- Peptide synthesizer from Applied Biosystems. The synthesis was
acetic acid TFA) and the protein was eluted using a linear gradientdone using the Fmaiuoren-9-ylmethoxycarbonythemistry pro-
of 0 to 90% acetonitrile at a flow rate of 1 miin. The gradient cedure following the manufacturer’s instructions. The Fmoc—
was started 5 min after sample loading and finished after 70 min1¥"(PO(OBz)-OH)-OH (N-a-Fmoc-O-benzyk-phosphotyrosine
The phosphorylated gelsolin was Speed Vac dried, resuspended {¥@S obtained from Calbiochem-Novabiochem AGiufelfingen,
60 mM NH,HCO;,, pH 8.0, and digested with endo-Lys{T:40 Switzerland. All other amino acid derlvatlves.were obtained from
w/w) for 4 h at 37°C, boiled for 3 min to denature the protease andAdvanced ChemtectLouisville, Kentucky. This phosphopeptide
subsequently digested with Asp<:40 ww) overnight at 37C, was coupled t_o KLH(keyhole limpet hemoc_yan)raccordlng to
and finally boiled again. The resulting peptides were labeled afMumby and Gimar(1991). The phosphopeptide was cleaved from
their C-terminus by the incorporation 8O atoms as previously ~the resin with TFA and desalted in water over a G-25 col(rnx
described(Takao et al., 1993; Gevaert et al., 199The sample  2-6 cm, further purified by preparative HPLC on ax125 cm G )
was lyophilized and dissolved in electrophoresis buffer consistin%e"?rse'phase columiVydac, Separations Group, Hesperia, Cali-
of glacial acetic acidpyridin/water (50/5/945; /v, pH 3.5. It ornia), desalted as above, and storedmlyophlllzed fprm%ﬂ)"C.
was applied onto a cellulose platg0 x 20 cm) (Merck, Darm- The correct mass of the phosphopgptlde was determined by ESI-MS.
stadt, Germarlyand subjected to electrophoresis &h at 400 V The KLH-coupled phosphopeptid800 ..g) or plasma gelsolin
making use of the Multiphor Il horizontal electrophoresis unit (150 #0) (obtained by reverse-phase HPL@ere emulsified in
(Pharmacia Biotech, Brussels, BelgiunThe second dimension Freund's complete adjuvant and injected subcutaneously. Twenty-
was a chromatography step, run in 1-butapytidin/glacial ace- four day_s after the initial mr_numzanon, the rabb_lt was again in-
tic acid/water(75/50/15/60; v/v). The radioactive peptides were J_eCtEd with 509“9 of the peptide or 1_5_¢lg 9f gelsolin in Freund's
visualized by autoradiography and the cellulose corresponding t§'complete adjuvant. The booster injection was repeated on day
the radioactive spots was scraped off and eluted in 20 mM Tris 49- After 66 days the rabbit was bled and serum was prepared. The
HCI pH 7.5 by continuous shaking at room temperature. Afteranti-gelsolin |mmu_noglc_>bullns were purified by affinity chroma-
30 min the samples were centrifuged for 5 min at 12,000 rpmtography as described in Gettemans e{ #95.
More than 90% of the radioactivity was recovered in the super-
natant, which was subsequently incubated overnight°@x with
anti-phosphotyrosine coupled agarose as described above. Miscellaneous

Protein concentrations were determined by the method of Bradford
MALDI-MS (1976 using bovine serum albumin as standard. SDS-polyacryl-
amide gel electrophoresis was carried out according to Matsudaira

A concentrated MALDI-matrix solution was prepared by mixing and Burges$1978. Western blot analysis was performed as de-
20 mga-cyano-4-hydroxycinnamic acid and 4 mg 2,5-dihydroxy- scribed by Towbin et al(1979

benzoic acid in 50QL 0.1% TFA in 50% acetonitriléwater. This

solution was diluted fivefold with 0.1% TFA in 50% acetonityile

water prior to each MALDI-MS experiment. Two microliters of Acknowledgments
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