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Abstract. When rabbit isolated gastric glands were H,K-ATPase from cytoplasmic tubulovesicles to the api-
stimulated via the cyclic AMP pathway, a phosphorylat-cal plasma membrane of the parietal cell, together with
ed protein band of about 120 kDa (pp120) was markediythe activation of K and CI' conductances (for review,
increased in the apical membrane-rich fraction, concomilUrushidani & Forte, 1997). Itis currently of great inter-
tant with an increase in the amount of H,K-ATPase andest to discover how second messengers, such as adeno-
the phosphorylation of the cytoskeletal protein ezrin insine 3,5'-cyclic monophosphate (CAMP) or €2 trig-
the same fraction. The cytosolic fraction, but not otherger the above changes. There is a consensus that CAMP
membrane fractions, also contained a protein with comactivates cAMP-dependent protein kinase(s) and conse-
mon features to the membrane-bound pp120, i.e., comigquently phosphorylates certain protein(s) (Chew, 1985);
gration in two-dimensional gels with a pl di4.5, thus, itis important to identify actual substrates for pro-
anomalous mobility in SDS-PAGE, reactivity to antibod- tein kinases that operate in parietal cell activation. Using
ies, and phosphorylation, indicating that these two proisolated,?’zP—loaded rabbit gastric glands, we previously
teins were identical. The possibility that pp120 is vin- identified two specific phosphoproteins in the apical
culin was completely excluded. Using antibody againstmembrane-rich fraction (Urushidani, Hanzel & Forte,
pp120, this protein was found to be almost exclusively in1987), the same membrane locale where primary events
the gastric parietal cell. Biochemical and immunohisto-for activating the proton pump occur (Urushidani &
chemical analyses suggest that pp120 exists mainly ifrorte, 1987). Phosphorylation of these proteins was cor-
the cytosol, and that a small part of the protein binds torelated with both the redistribution of H,K-ATPase from
the apical membrane when the parietal cell is stimulatednicrosomes (tubulovesicles) to the apical membrane-
via the cyclic AMP pathway. In the presence of histone,rich fraction, and the stimulation of acid secretion via the
purified pp120 produced phosphorylation on pp120 aAMP pathway (Urushidani et al., 1987, 1989). One of
well as histone. The inhibitor profile of this kinase ac- the proteins, an 80 kDa phosphoprotein, has been iden-
tivity is not consistent with any known kinase. We con- tified as ezrin and postulated to be working as a mem-
clude that pp120 is closely associated with a new type obrane-cytoskeletal linker (Hanzel et al., 1991). We now
kinase, and translocates from cytosol to the apical memreport on the other phosphoprotein which migrated with
brane when the parietal cell is stimulated. an apparent molecular weight of 120 kDa on 7.5% poly-
acrylamide gel electrophoresis (pp120). We previously
Key words: Phosphoprotein — Gastric acid secretion — found that pp120 was present in the apical membrane-
Parietal cell — Protein kinases — Vinculin — Rabbit rich fraction obtained from stimulated glands but not
from resting ones (Urushidani et al., 1987); however, it
was difficult to ascertain whether stimulation of the cell
(a) triggered the phosphorylation of pp120 in the apical

. . . . . membranes, o) induced the association, or transloca-
It has been established that stimulation of gastric aci )

retion ) neomitant with a translocation fion, of ppl120 to the membranes. We show here that
secretion occurs concomita a transiocatio Opp120, which is now demonstrated to be a unique protein

of the parietal cell, is present as a soluble component
I when the cell is at rest, and that some of this protein
Correspondence taT. Urushidani becomes associated with the apical membrane when the
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cell is stimulated. Moreover, we also provide evidenceDuPont) and exposed at -80°C. The autoradiogram was scanned by an
that pp120 is closely associated with a new type of projmage scanner (EPSON GT-6000) and densitometrically analyzed for

tein kinase quantification.
. Phosphoaminoacid analysis was performed as previously re-

ported (Urushidani et al., 1989) employing two dimensional electro-
Materials and Methods phoresis.

ISOLATION OF RABBIT GASTRIC GLANDS, LABELING PURIFICATION OF ppl120

GLANDS WITH 3?P AND FRACTIONATION . . .
Purification of denatured pp120 was performed with preparative SDS-

The procedures were identical to those previously reported (UrushidanPAGE. An aliquot (1-3 mg) of cytosolic or apical membrane-rich
& Forte, 1987; Urushidani et al., 1987, 1989; Hanzel et al., 1989).fraction from isolated glands or gastric mucosa was run on a 7.5% gel
In brief, rabbit gastric glands were isolated according to Berglindh & using a wide well; pp120 was identified usifiygalactosidase as a
Obrink (1976), and the settled glands were dispersed in 4 vol of phosmigration marker in a side well after a quick staining/destaining. The
phate-free medium [(in m): 130 NacCl, 5.4 KCI, 1.2 MgS@ 1.0 gel strip was cut out, minced and electroeluted as described (Urushidani
CaCl,, 25 HEPES-Na, pH= 7.4, 11.1 Glucose, and BSA (2 mg/ml)] et al., 1989).

containing 37 MBg*?P-orthophosphate and incubated for 40 min at Purification of non-denatured pp120 was performed as fol-
37°C. After washing to remove exterri&P, the glands were incubated lows. All the steps except lyophilization and HPLC were undertaken at
40 min with stimulants (0.1 m histamine plus 5Qum isobutylmeth- ~ 4°C. The fundic portion of rabbit mucosa was homogenized in 20 vol.
ylxanthine (IBMX) for the maximal stimulation), or anHeceptor ~ of medium containing, in m: mannitol 113; sucrose 37; PIPES 5;
blocker (0.1 nv cimetidine). The glands were then homogenized and EDTA-Tris 0.4. The cytosolic fraction (supernatant from 100,009 x
centrifuged to produce a series of pellets: PO, 46 for 5 min (cell for 45 min) was lyophilized and pooled until further purification. The
debris); P1, 4,000 g for 10 min (low speed fraction); P2, 14,500gx pooled powder, corresponding to three rabbit stomachs, was reconsti-
for 10 min; P3, 48,200 >y for 90 min (microsomes), and S3, super- tuted with 1/2 the original volume of chilled water, and brought to 30%
natant (cytosol). The low-speed P1 fraction was further purified with asaturation of (NH),SO,. Any precipitate was removed by centrifuga-
Ficoll-discontinuous gradient (135,00apfor 2 hr) and the membranes  tion. The supernatant was brought to 50% saturation Jp&0, and

on the top of the 18% Ficoll layer were collected as the apical mem-then spun down at 20,000 ¢ to harvest the pellet. The pellet was
brane-rich fraction. dissolved in the minimum amount (around 20 miJac5 mv Tris, 0.2

mv EDTA buffer (TE). After adding 50um pepstatin and 0.1 m
PMSF, the sample was dialyzed overnight against 2,000 ml of TE
buffer using tubing (Spectra Pore 6) with a 25 kDa cutoff. Filaments

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performedhat appeared were removed by centrifugation, and the sample was
according to Laemmli (1970). Conventional two dimensional electro- applied to a Sephadex G-150 column (Pharmacia, 3 x 120 cm) equili-
phoresis, with the first dimension as isoelectric focusing (IEF) and thebrated with TE. Chromatography was run by upward elution with TE;
second dimension as SDS-PAGE, was according to O’Farrel (1975)sample collection began as soon as protein appeared and fractions were
Proteins in the gel were stained with 0.125% Coomassie Blue in methaPooled until pepsin activity first appeared. The pooled sample was
nol:acetic acid:water, 5:1:4, or silver (Heukeshoven & Dernick, 1985). brought to 150 m KCI by adding solid KCI and applied to a DEAE-
Since pp120 drastically changes its apparent molecular weight dependiepharose column (Pharmacia, 1.5 x 25 cm) equilibrated with 360 m
ing upon the percentage of acrylamide, another type of two dimensionaCl in TE. After washing the column, proteins were eluted with a
electrophoresis was employed: both dimensions are SDS-PAGE, budradient of 200-600 m KCl in TE (100 ml total). The fractions that
the gel density was increased. Namely, the samples were first run on @luted from 14 to 17 mmho were collected and used as a partially
6% SDS-PAGE, then each lane was cut out and equilibrated with @urified pp120 preparation (DEAE-fraction). For further purification
stacking gel buffer for 10 min. The gel strips were laid horizontally this fraction was dialyzed against 10 mM sodium phosphate, pH 7.0.
onto a second 12% polyacrylamide gel slab. In this system most of thé\fter removing the precipitates by centrifugation, the sample was ap-
proteins align along a diagonal, but pp120, whose apparent mobilitylied to an hydroxyapatite HPLC column (Tonen, HA100), equilibrated
increases as the percentage of the gel rises, clearly separates from tWéth 10 mv sodium phosphate, and eluted with a gradient of 10 to 300
diagonal row of protein spots. mm sodium phosphate, pH 7.0. By monitoring @R the second main
Peptide mapping was done according to Cleveland et al.Peak, containing almost pure pp120 protein, was collected.
(1977). Protein bands were cut out from the gel, fragmented, and
loaded on to a second gel (linear 6-12% gradient); digestion with V8PyRIFICATION OF VINCULIN
protease from Staphylococcus aureus (Sigma) was performed in the
well of the gradient gel. Vinculin was partially purified from rabbit gastric smooth muscle ac-
For immunoblotting, the proteins were electrophoretically trans- cording to the method of Feramisco & Burridge (1980), up to the step
ferred to nitrocellulose (Gibson, 1981) using a semidry apparatus (Ibefore the ion exchange column. Monoclonal antibody against chicken
mA/cm?, for 40 min). The antigen was probed by the antibodies andgizzard vinculin was purchased from ICN ImmunoBiologicals, Lisle, IL.
visualized using appropriate second antibodies linked with peroxidase.
For the in vitro phosphorylation studies, samples were brought toprepARATION OF ANTIBODIES
50 mv PIPES, pH 6.8, 10 m MgCl,, 0.1 mm dithiothreitol, 0.1 nm
PMSF, 10 um pepstatin, 0.2 m [y-*?P]JATP, and mixed with test  Polyclonal antibodies were raised against non-denatured pp120 puri-
material when desired. The mixture was incubated at 25°C for 15 minfied by HPLC. Four Wistar strain rats were injected intraperitoneally
and the reaction was terminated with 1 @&DTA. The sample was twice over a two week interval with 500l of an emulsion of Freund’s
then analyzed on SDS-PAGE. complete adjuvant containing about 89 of pp120. Ten days after the
For autoradiography, Kodak X-Omat AR X-ray film was placed last injection, about 5@ug of pp120 was injected intravenously every
between a dried gel and an intensifying screen (Cronex lightening plusweek for 3 weeks. Two out of 4 rats raised antibody specific to pp120

ELECTROPHORESIS
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and whole blood was collected from them. Immunohistochemistry of Protein Autoradiography
isolated glands was performed as previously reported (Hanzel et al.
1989) with a fluorescence microscope, Nikon Diaphot 200. T ; :: -

Monoclonal antibodies were raised against denatured pp120 pum:'a

rified by electroelution from preparative SDS-PAGE. Two Balb/c
mice were first immunized with 10Ql of an emulsion of complete  5gq.
Freund’s adjuvant that contained about 2§ of pp120 as antigen.

The mice were boosted by injecting 5 to L§ of antigen intravenously

once every 10 days for two months. Three days after the last injection
spleen cells from one of the mice were fused to the myeloma cell line 116-
P3X63Ag8.653 by standard procedures (Goding, 1983). The culture gg,
supernatants from growing clones were screened with ELISA using
partially purified pp120 as antigen,; all of the 196 growing clones were
positive. Four clones that were shown positive by western blotting,
4/1E9, 4/2D10, 4/2B4, 4/2G9, were further cloned to monoclonal by
limiting dilution. All of these clones can immunoprecipitate pp120
with protein A agarose (Repligen, MA) or Pansorbin (Calbiochem, CA)
as precipitant.

Studies of phosphorylation using immunoprecipitated pp120 45-
were performed as follows. The cytosolic fraction was brought to 1%
Nonidet P-40 (NP40) and incubated with anti-pp120 monoclonal anti-
body at 4°C, overnight. Fixestaphylococcus aurey®harmacia) was
then added, and the sample was incubated at room temperature for 1 tu,
and then spun down. The pellet was washed once withid'ris, pH
7.0, 150 nw NaCl, 1% NP-40, using a 1.2% sucrose cushion. The
pellet was further washed 3 times with buffer containing 0.1% NP-40
and the final pellet was brought to 5vrMgCl,, 1 mM EGTA, 0.1 nm
dithiothreitol, 1 m [y-32P]JATP, and incubated with 1 mg/ml of his-
tone or protamine at 37°C. The reaction mixture was then analyzed b
SDS-PAGE and autoradiography.

66-

ab ¢ d e f g h

Fig. 1. SDS-PAGE of cytosol (laneas, b, e, j and apical membrane-
rich fraction (lanes, d, g, B from *2P-loaded, stimulated- (histamine
0.1 nmm plus IBMX 50 pM; a, ¢, e, g and resting (cimetidine 0.1
b, d, f, h glands. The apical membrane-rich fraction from stimulated
lands is distinctive as the 96 kD&subunit of H,K-ATPase is en-
iched (lanec compared withd), and the regions of 120 kDa (pp120,
arrowhead) and 80 kDa are more heavily phosphorylated than in the
resting counterpart (lang compared withh). Faint bands of protein

Results staining, corresponding to radioactivity at pp120, can be identified in
cytosol @, b) from both resting and stimulated glands, as well as in the
PHOSHORYLATION OF 120 kDa REGION OF APICAL apical membrane-rich fraction from stimulated ongsHjut this protein

band is almost invisible in the apical membrane-rich fraction from

MEMBRANE ASSOCIATED WITH SECRETORY STIMULATION )
resting glandsd).

As previously reported (Urushidani & Forte, 1987; Uru-

shidani et al., 1987, 1989; Hanzel et al., 1991), stimula-

tion of gastric glands with histamine plus IBMX elicited tion was very low and often equal to zero. Therefore, a
three main changes in the apical membrane-rich fractiomesting/stimulated ratio less than 1.0 indicates that the
namely, (i) an increment of 96 kDa protein (Figc ¥s.  density of pp120 for stimulated preparations increased
1d), corresponding to an increase in incorporation ofcompared with the resting control.

H,K-ATPase from tubulovesicles to apical membranes,  When histamine and IBMX were used as stimulant
(ii) an increase in phosphorylation of an 80 kDa proteinthe resting/stimulated ratio of phosphorylation for pp120
(Fig. 1g vs.1h), which has been identified as ezrin (Han- in the apical membrane-rich fraction using the two di-
zel et al., 1991), and (iii) an increase in phosphorylationmensional gel system was 0.13 + 0.0F € 4). In nine

in the 120 kDa region (Fig.dLvs. 1h, arrowhead). On experiments using the one dimensional SDS-PAGE sys-
conventional two dimensional gels (IEF/SDS-PAGE),tem the phosphorylation ratio for resting/histamine plus
pp120 focused around pH 4.5, and the autoradiographitBMX-stimulated glands in the 120 kDa region was cal-
density of this phosphoprotein was quantified. In addi-culated to be 0.23 + 0.06N( = 9). In three separate
tion, it was also feasible to quantify autoradiographicexperiments, 1 m dibutyryl cyclic AMP was used as a
density from one-dimensional gels, since the acidicstimulant, and the resting/stimulated ratio obtained was
ppl120 was the only radioactive species within the 1200.21 + 0.10 N = 3, from one dimensional gels). In all
kDa molecular weight region on two-dimensional gels.of the above cases, the differences between resting and
The autoradiographic volume density of pp120 in stimu-stimulated were statistically significar® & 0.05, paired
lated membranes was recorded and set at unity; densitytest). However, in three experiments, when the glands
of resting membranes was then recorded as a fraction oflere stimulated with 0.1 mcarbachol, no activity could
their stimulated counterpart. This particular normaliza-be detected as a definite band in two cases, and very faint
tion procedure was necessary because the autoradibands were noted in the third case for both resting and
graphic density of pp120 in the resting membrane fracstimulated samples, giving an unreliable resting/stimu-
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lated ratio of about 1.2, indicating that carbachol had nc 6%

effect on the phosphorylation in the 120 kDa region. . Protein Autoradiography
Although the amount of protein was too low to cal- & » .

culate a specific activity in many of the above cases, it

appeared qualitatively that radioactivity was roughly

proportional to the amount of protein in the acidic pp120

spot. This suggested that the increase in phosphorylatio

in the 120 kDa region of stimulated apical membranes ‘

might not be due to phosphorylation of a resident mem-

brane protein, but possibly due to the appearance, c

migration, of a protein into this membrane fraction from

other fraction(s). To test this hypothesis, we reviewed

the autoradiography of other fractions and found a phos

phoprotein with the same molecular weight in the cyto- E

solic fraction (Fig. &,b,eJ. In order to confirm that the Paks,

phosphoprotein in the cytosol was identical to that in the \ ’

apical membrane-rich fraction, both proteins with 120 -

kDa molecular weight were purified fror¥P-labeled : ~

glands by preparative SDS-PAGE, and analyzed by two g >

dimensional electrophoresis (IEF/SDS-PAGE). Both S

preparations showed a single radioactive spot around pl yf

= 4.5. Moreover, a mixture of the both samples gave &

single spot on two-dimensional gels confirming that

these two proteins, one from the apical membrane-rictrig. 2. Two-dimensional SDS-PAGE analysis for visualization of

fraction and the other from the cytosolic fraction, sharepp120. The apical membrane-rich fraction from restiAy ¢r stimu-

same molecular weight and isoelectric poidaia not lated B) glands, or the cytosolic fraction from resting)(or stimulated

shown. Finally, a comparable map of proteolytic pep- (D) glands (75ung protein in each case) were first separated on 6%

. . . SDS-PAGE (horizontal). Each lane was then cut out and placed on top
tide fragments was obtained for 120 kDa protein fromofasecond 12% SDS-PAGE, and run downwards. pp120 (arrowhead)

either cytosol or the apical membrane-rich fractiSB€  \as noticeable apart from the main diagonal streak because of its
Fig. 5, lanesa andc), confirming that these two proteins anomalous mobility. Protein staining is shown on the left and the
are identical. autoradiography on the right. In the cytosolic fractions, the amount of

Another characteristic of pp120 is that its apparentPF_JlZO, both protein and radioactivity, was the same for res@guid ‘
molecular weight on SDS-PAGE decreases as the Corf_nml_ﬂated D) glands. On the other h_and, the aplcal membrane-rich

. . . . . raction from stimulated gland8] contained a considerable amount of

centration of acrylamlc_ie mcr_eases. Using this propertypplZO, while the fraction from resting gland&) (had only a trace of
we developed a two-dimensional SDS-PAGE assay Sysp120 protein and corresponding radioactivity. Molecular weight
tem to selectively identify pp120. The sample was firStmarkers are omitted; the position of the arrowhead corresponds to
separated on a 6% acrylamide gel, and the lane was cabout 130 kDa on the horizontal scale and to about 100 kDa on the
out and layered horizontally onto a second 129%vVertical scale.
gel. After running the second gel, most proteins aligned
on the diagonal, whereas pp120, which behaved as if it
were larger than expected compared to the migration oFrom the results presented above, it could be concluded
B-galactosidase (116 kDa) on 6% PAGE, but almostthat at least a portion of pp120, which exists mainly in
identical to phosphorylase b (96 kDa) on 12% PAGE,the cytosol as a soluble form, redistributes to the apical
appeared as a distinct spot beneath the main proteimembrane when the cell is stimulated. To confirm this
streak. This technique enabled us to more preciselyypothesis, the cytosol and the apical membrane fraction
qguantify pp120 in various fractions. Figure 2 shows thewere probed using anti-pp120 monoclonal antibody (for
cytosol and apical membrane-rich fractions obtainedantibody productionseethe later section). From the
from 3?P-labeled, resting and stimulated glands analyzeavestern blot in Fig. 3 (right panel) it is evident that
by this technique. It is evident that the radioactive pro-stimulation of the glands caused the translocation of
tein, pp120 (arrowhead), is enriched in the cytosolic frac-H,K-ATPase from the tubulovesicles to the apical mem-
tion regardless of the stimulatory state, while the proteinbranes as previously reported (Urushidani & Forte,
can be found in the apical membrane-rich fraction only1987). In the same preparation, the apical membrane of
in the stimulated state. Densitometric analysis of theseesting glands contained only a trace amount of pp120,
gels revealed that specific activity of pp120 was almostwhereas that of stimulated glands contained a markedly
constant regardless of its origin and stimulatory stateincreased amount of the protein as evident from the left

a4
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m
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anti-pp120 anti-H,K-ATPase Protein Immunoblot
kDa
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Fig. 3. Redistribution of pp120 from cytosol to the apical membrane

with stimulation in association with the translocation of H,K-ATPase Fig. 4. Partially purified vinculin fraction obtained from gastric

from tubulovesicles to the apical membrane. The apical membrane-ricismooth muscleg, d), apical membrane-rich fraction from stimulated

fraction @, ©), cytosolic fraction ), and microsomal fractiordf from gastric mucosaby, €, and concentrated pp120 from cytosol of stimu-

resting R) or stimulated §) glands (50ug protein in each case) were lated gastric mucosac( f), were separated on a 10% SDS-PAGE,

separated on 7.5% SDS-PAGE and blotted on PVDF membranes. Thigansferred to nitrocellulose membrane, and stained with Amido Black

blot was incubated either with anti-pp120 monoclonal antibody (left, a, ¢). A duplicate sample was probed with anti-vinculin mono-

(1:10,000; left) or with anti-H,K-ATPase alpha subunit (1:25,000; clonal antibody using 1:20 dilution, and visualized by HRP-conjugated

right) and probed with HRP-anti-mouse 1gG (1:5,000). The arrowheadanti-mouse IgG with 1:1000 dilution (rightl, f). The arrowhead indi-

shows the position of corresponding protein. cates the position of vinculin, and the arrow indicates metavinculin.
Note that the immunostained band firmigrates at a slightly higher
position than the pp120 protein banddpwhich migrates a little faster

panel. No reduction of pp120 in cytosol was visible, than 116K standard in this 10% gel.

possibly because the total amount of pp120 attached to

the apical membrane was so small compared with cyto- ) ) ] ]
solic pp120. protein. The data suggest that pp120 is not vinculin, and

that the 120 kDa region of gastric mucosal cytosol con-

tains a small amount of vinculin. To confirm this, we
DISTINCTION FROM VINCULIN extended the analysis to 2-D gels. The 120 kDa protein

~_ region form gastric cytosol was concentrated by prepara-

It had been reported that the cytoskeletal protein, vincutjye SDS-PAGE, and subjected to two dimensional elec-
lin, was phosphorylated when parietal cells were stimutrophoresis (IEF/SDS-PAGE). As shown in Fig. 5, this
lated (Cuppoletti & Malinowska, 1988). Since the mo- fraction contained two proteins, pp126) (ith a very
lecular weight of vinculin is close to 120 kDa (Siliciano gy isoelectric point (about 4.5), and a slightly lower
& Craig, 1987), we checked the possibility that pp120 ismglecular weight protein, near neutrality)( More than
vinculin. Figure 4 shows Western blots, probed with 9gos of total radioactivity was attributed to the acidic
monoclonal antibody against vinculin, for partially puri- nh5120 (Fig. 5, upper panel). Further analysis was carried
fied ra_bblt smooth mu_scle V|n<_:ul|n (Iana_;and d), for out by mapping peptide fragments of specific protein
the apical membrane-rich fraction from stimulated rabbityands cut from gels (Fig. 5, left). As pointed out earlier,
gastric mucosa (land@sande), and for protein concen- the peptide map of pp120 cut out from the gel of the
trated from the 120 kDa region of cytosol from rabbit apical membrane-rich fractiora) showed an identical
gastric mucosa (lanes andf). In the vinculin control pattern to that from the cytosot) On the other hand,
preparation, the anti-vinculin antibody recognized twothe neutral 120 kDa proteirb( was definitely different
protein bands with apparent molecular weights of 120¢om the acidic pp120, and its mapping was indistin-
kDa (arrowhead) and 150 kDa (arrow), the former mostyyishable from that of vinculind). Metavinculin €)
likely representing vinculin and the latter metavinculin ghowed a pattern similar to vinculin, with some minor

(Siliciano & Craig, 1987). No immunoreactivity was ifferences in the fragments below 30 kDa. It is clear
found in the apical membrane-rich fraction, while somefrom these results that pp120 is not vinculin.

vinculin (but not metavinculin) was found in the protein

concentrated from the 120 kDa region of the cytosol.

Close inspection of the cytosolic lanes revealed that théADDITIONAL FEATURES OFpp120

exact position of immunostaining was slightly lower than

the main protein band, and the density of immunostain-To test the mode of association of pp120 with the mem-
ing was much less than expected from the amount obrane, the apical membrane-rich fraction was subjected
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Fig. 5. Right: The 120 kDa region of the cytosolic fraction, prepared fréfiR-labeled, stimulated glands, was concentrated by preparative
SDS-PAGE, and analyzed by two-dimensional electrophoresis (IEF/SDS-PAGE). The pH scale at the top was obtained by a surface electrode frc
an |EF tube gel run in parallel with the sample gel. The protein stained gel (lower panel) shows that pp120 (arrowhead) was focused around p
4.5 with an apparent mass slightly larger than the 116 kDa marker; another protein, putative vinculin (arrow), focused around pH 6.5 with the exax
position of 116 kDa. Note that virtually all of the radioactivity is attributed to the acidic protein, pp120 (upper panel). Left: Proteins cut out from
a 2-D gel were analyzed by peptide mapping with V8 proteagep{120 purified from the apical membrane-rich fraction by 2-D electrophoresis
similar to the gel on the right;bfj putative vinculin spot cut out from the gel on the right (arrowg) pp120 spot from the gel on the right
(arrowhead); d) smooth muscle vinculin cut out from a gel as in Fig; 8) metavinculin obtained as in Figd3

to various treatments. The association of pp120 with thérom other rabbit tissues with western blotting revealed
membrane was not disturbed by mechanical disruption othat only the kidney contained ppl120 at a detectable
by interference with hydrogen bonding and/or ionic level, and this was much less than in fundic mucosa (Fig.
bonding. Thus pp120 was not released to the supernatai). Occasionally a faint signal was detected from ileal
after hypotonic shock plus lyophilization and sonicationtissue ot show). When membrane fractions from vari-
(Fig. 6a), sonication in the presence of 50 ris/1 nwm ous tissues were probed with antibody against pp120 a
EGTA/1L m Urea (Fig. &), or 50 mmv EDTA, sodium  similar staining pattern was observed.
borate (pH 9.0), sodium citrate (pH 4.5), 3NacCl, 0.1 Isolated rabbit gastric glands were treated with ci-
M MgCl,, 0.75 M guanidine isothiocyanateddta not metidine (resting) or with histamine plus IBMX (stimu-
showr). On the other hand, pp120 was completely solu-ated), fixed, probed with anti-pp120, and visualized by
bilized by 1% NP-40/5 m Tris/0.2 mmv EDTA/300 nm FITC-anti-lgG. From Figs. 8 and 8 it is obvious that
sucrose (Fig. B), or 13 mv n-octylglucoside/5 m Tris/  pp120 is strongly expressed in the parietal cell, whereas
0.2 mv EDTA/300 mv sucrose (Fig. 6). no signal is present in chief cells or mucous neck cells.
Phospho-amino acid analysis #P-labeled pp120 In the resting state (Fig.A ppl20 was distributed
revealed that phosphorylation certainly occurred on serevenly throughout parietal cell cytosol except for the
ine residues. Phosphorylation was not detectable on enuclear region. When the cells were stimulated (Fig.

ther threonine or tyrosinedéta not showhp 8B), some aggregation of staining became apparent. The
distribution of the aggregated stain would be consistent
EXPERIMENTS USING ANTIBODIES with a redistribution of some pp120 from cytosol to the

apical secretory canalicular membrane in association
Using either a monoclonal antibody or polyclonal anti- with stimulation. When frozen sections of kidney were
bodies for western blotting we established that ppl2Gstained with anti-pp120, a faint but positive staining was
migrates as a single band both in the cytosol and apicabbserved in tubular cells, but absolutely negative in the
membrane-rich fraction. Screening of cytosolic fractionsglomerular regiondata not showhn
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kDa
Protein
200-
116- - g 96- —™ —
96- % | . 66- 2% Immunoblot
: : g 45
66-
Fig. 7. Tissue distribution of pp120. Various rabbit tissues, including
gastric mucosaad), skeletal muscleh), ileal mucosa @), kidney @),
liver (e), lung (), and whole braind), were homogenized and centri-
45- fuged at 100,000 x for 45 min. The cytosolic fraction (supernatant),

50 p.g for gastric mucosa and 1QQ for other tissues, were separated
on 7.5% SDS-PAGE. The upper panel shows a gel stained with Coo-
massie Blue. The lower panel shows a western blot probed with anti-
Fig. 6. Solubilization of pp120 from apical membrane-rich fraction. In PP120 antiserum (1/500 dilution) and HRP-anti-rat IgG (1/5000 dilu-
samplea, about 75u.g of protein was suspended in 5w ris/0.2 mm tion).

EDTA/300 nm sucrose, diluted 50 times with water, sonicated, lyoph-

ilized, reconstituted with water, and finally brought to 1 mg protein/ml. . . .
In other samples, the membranes were treated with 1% Nrbyo ( SENCE of exogenous substrate, it was increased by his-

sonicated in the presence of MrEGTA + 1m urea €), or treated with ~ tone, polylysine, or protamine, but not by casein.

13 mm n-octylglucoside q). All samples were then centrifuged at Using the DEAE-fraction, the effects of various
100,000 xg for 45 min. Supernatants(and pellets ) were runon  ggents on the phosphorylation of pp120 were examined
6% SDS-PAGE and the gel was stained with silver. pp120 was speznd summarized in the Table. The kinase activity was
cifically well stained (arrowhead) by this procedure. pp120 was resis- ependent on I\/FQL, and it could be surrogated by ¥

tant to sonication regardless of the presence of chelating agents al . o
urea @ and c), while non-ionic detergents easily solubilized pp120 he activity was markedly aUQmemed by the addition of

from the membraneby d). Note that NP-40) solubilized both pp120  histone, but was not affected by Ceplus calmodulin.
and 96 kDa peptide, H,K-ATPase, while octylglucosiag.splubilized ~ The inhibitor profile of the endogenous kinase activity
pp120 but most H,K-ATPase remained in the membrane. did not fit that of cAMP-dependent protein kinase or
protein kinase C, since 0.jum of heat-stable cAMP-
dependent protein kinase inhibitor (about 30x greater
IN VITRO PHOSPHORYLATION than the Ki for cAMP-dependent protein kinase) and
10™*m of H-7 (about 20x greater than the Ki for cAMP-
Since we originally regarded pp120 as one of the subdependent protein kinase and 30x greater than the Ki for
strates for cAMP-dependent protein kinase, we testegrotein kinase C) failed to inhibit the activity. The ki-
whether pp120 could be phosphorylated by protein ki-nase did not seem to contain thiol groups in the active
nase in vitro. However, our experiments demonstrate¢enter because 10 nmN-ethylmaleimide, enough to
that phosphorylation of pp120 occurred independent otbolish S6-kinase (Toru-Delbauffe et al., 1988) and a
the presence of exogenous kinase. Figure 9 shows afutative kinase involved in the KCI transport in erythro-
example of in vitro phosphorylation. Partially purified cytes (Gibson and Hall, 1995), showed no inhibition.
pp120 from either the cytosol (DEAE-fractiof) or api-  In contrast, a general serine/threonine kinase inhibitor,
cal membrane-rich fractiorBj was incubated witi?P-  quercetin (Srivastava and Chiasson, 1986) atp3Q
ATP and 5ug histone as a substrate, without any exog-markedly inhibited the phosphorylation of pp120.
enous kinase, and analyzed by two-dimensional SDS-  The above data suggest that either pp120 is a highly
PAGE (6%/12%). pp120 was easily identified as a spofsuitable substrate for some other type of kinase, or that
beneath the diagonal line (arrowheads). It is obviouspp120 itself is a kinase. To test the latter possibility, we
from the figure that pp120 is the most heavily phosphor-performed the following experiments. By using hy-
ylated protein in both fractions. Among other proteins, droxyapatite HPLC, almost pure pp120 could be col-
whose phosphorylation was detectable as the exposulected in a nondenatured form. We suspect that some
time was prolonged, exogenously added histone watactivation of pp120 may have occurred during the
preferentially phosphorylated (arrow). Although auto- chromatography performed at room temperature, since
phosphorylation of pp120 could be observed in the abtotal kinase activity was drastically decreased at this final




216 T. Urushidani et al.: 120 kDa Parietal Cell Phosphoprotein

Fig. 8. Immunological localization of pp120 in
rabbit isolated gastric glands. Restirg) ©r
stimulated B) glands were fixed with formalin,
and probed with anti-pp120 antiserum (1/50
dilution). The antibody was visualized by
FITC-anti-rat IgG (1/100 dilution). In control
glands probed with preimmune serum,
fluorescence was undetectabieo{ show.

step. Purified pp120 was then incubated WitR-ATP  that H,K-ATPase redistributes from the microsomal frac-
in the absence or presence of histone 1 or casein (Fidion to the apical membrane-rich fraction with stimula-
10). Autophosphorylation was difficult to detect in the tion. However, the microsomes, and any membrane
absence of exogenous agents (laaed); however, inthe fraction other than the apical membrane-rich fraction,
presence of either histone (lanese) or casein (lanes,  had only a trace of pp120. On the other hand, the cytosol
f) autophosphorylation of pp120 was readily observedcontained a considerable amount of the protein (Fig. 1),
It is also obvious from figure 10 that histone was moresuggesting it might be the source for the stimulation-
effective than casein. associated pp120 in the apical membrane-rich fraction.
Kinase assays were also performed in combination  Several experimental tests were used to demonstrate
with immunoprecipitation. pp120, bound to Staphylo- that the pp120-like protein in the cytosolic fraction is
coccus aureus Protein A_With anti-p_p120 monoclonal anjgentical, or very similar, to pp120 in the apical mem-
tibody, was incubated witfi*P-ATP in the presence of prane-rich fraction. For example, both proteins and their
histone as substrates. Protein staining in Fig. 11 show&p radioactivity comigrated on conventional two dimen-
that the protein existed in this experiment was exclu-sional electrophoresis, they had similar peptide maps,
sively pp120 plus immunoglobulins. Under this condi- poth proteins showed the same sensitivity to silver stain-
tion, time-dependent phosphorylations of substrate anthg and antibodies recognized both species. Using two
pp120 were clearly observed (Fig. 11). It was also notedjjfferent concentrations of acrylamide in the first and
that histone was more effective than protamidat@ not  second dimension of SDS-PAGE pp120 could be ex-

showr). tracted as a single spot from other proteins. This anoma-
lous migration in SDS-PAGE was a powerful tool for
Discussion comparing ppl20 in the cytosol and membrane fraction

as well as demonstrating the similarity of phosphoryla-
We have described the characteristics of a phosphopraion pattern in vitro. Moreover, this technique, together
tein, pp120, which may have a functional role in the with immunoblotting, confirmed that pp120 was accu-
secretory activity of the gastric parietal cell. Early stud-mulated in the apical membrane-rich fraction from
ies identified pp120 along with another phosphoprotein stimulated cells and absent in the corresponding fraction
ezrin, in the apical membrane-rich fraction from stimu- from resting cells.
lated parietal cells, and whose phosphorylations were  Contrary to the apical membrane-rich fraction,
closely correlated with the stimulation-dependent redispp120 was present in the cytosol under all secretory con-
tribution of the proton pump (Urushidani et al., 1987). ditions. Interestingly, the specific radioactivity was
With data from the present study, it became obvious thatuite constant throughout the fractions, except for the
the phosphorylation of pp120 in the apical membrane+esting apical membrane where quantification was prac-
rich fraction was proportional to the amount of pp120tically impossible. This would suggest that cytosolic
protein in that fraction, indicating that pp120 was trans-pp120 binds to the apical membrane without an apparent
located from another compartment in association withchange in the state of phosphorylation when the cell is
stimulation. The most likely origin was first thought to stimulated. The observation that there was no reduction
be the microsomal fraction, since it is well establishedof pp120 in the cytosol of the stimulated cell is not
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. . Table Effects of various agents on the phosphorylation of pp120 in the
Protein Autoradiography DEAE-purified fraction

R
N L]
- f ; Agents/Treatments Phosphorylation of N
pp120 (% of control)
Mg?* free (+EDTA 0.1 nm) 27+1.8 4
. Mn?* 1 mm (instead of Mg") 124 +9.0 2
A Histone 0.1 mg/ml 547 + 158 5
C&* 0.1 mm + calmodulin 2000 U/ml 89.0+6.2 3
. PKA inhibitor? 0.1 um 91.1+5.2 4
e H7 0.1 mm 97.0+2.0 3
* N-ethylmaleimide 10 m 96.9+2.1 4
Quercetin 3Qum 95+4.7 3
e f% The DEAE-purified samples were brought to 5&RIPES, pH 6.8, 10
. o mm MgCl,, 0.1 mm dithiothreitol, 0.1 nm PMSF, 10pm pepstatin, 0.2
. - mum [y-32P]ATP, and mixed with test material. The mixture was incu-
¥ bated at 25°C for 15 min and the sample was then analyzed by SDS-
. PAGE and autoradiography. The band corresponding to pp120 was
B scanned for quantification, and expressed as % of control.
®Heat stable cyclic AMP-dependent protein kinase inhibitor peptide.
. bstatistically significant from control & < 0.05 by paried-test.
- —». —
Protein Autoradiography

Fig. 9. In vitro phosphorylation of proteins from partially purified
cytosolic pp120 (DEAE-fraction),A) and apical membrane-rich frac-

tion (B). (A) Partially purified cytosolic pp120 (DEAE-fraction) ané)( kDa
apical membrane-rich fraction were incubated with 0.2 mM
[y-*?P]ATP plus 1 mg/ml histone as an exogenous substrate. The re .
action was terminated with SDS sample buffer and the samples wer  §6-
first separated on a 6% gel (horizontal), then each lane was cut out, an

the gel strip was laid on top of a 12% gel (vertical). pp120 (arrowhead) 45-
was identified as a spot underneath the diagonal line. In the autoradi
ography some phosphorylation was observed in the histone band (a

row) as well as heavy phosphorylation in pp120. Since the amount o
pp120 inA and B were quite different, different exposure times were 31-
employed to make the density of the autoradiographs equivalent. Thi

gel was exposed for 5 days A& while it was exposed 10 hr iB. The e
dots on the left of each panel indicate the position of molecular weight21.5-

standards in the second dimension: 200, 116, 96, 66, 45, 31, 21.5, ar

14.4, respectively, from the top to the bottom.
14.4- —
.
b

- -—3
a e

contradictory to the translocation hypothesis. The apica. ¢ d f

membrane-nCh.fraCthn contains ab.OUt 3% of the tqtalFig. 10. Protein kinase activity of HPLC-purified pp120 fraction.
glandular protein, wh|le Fhe cytosolic fraction contains Phosphorylation from~-*2PJATP was performed withouta( d) or
30% or more (Urushidani & Forte, 1987). Based on gelyith exogenous substrates, histotte § or casein ¢, f). Phosphory-
staining the amount of pp120 per mg of apical membraneation of pp120 (arrow 1) was undetectable in the absence of exogenous
fraction protein was less than half of the pp120 per mgsubstrate ), while added substrates were phosphorylated as well as
cytosolic protein. Thus we estimate that the membranestimu_lating the phosphorylation of pp120. The_ stimulation was more
bound form of PpL20 was Iess than 5% of the SOUDIEPETITeTL b More (o 3 1n by S o 2, o e
form, even in the m.aXIma"y stimulated State’.SUQQeS.tm ature Fc))f the gglp(7.5%-15% gradient), the?apparent molecular weight
that the reduction in the soluble form associated mighty 50120 is as low as 96 kDa.

not be detectable when translocation to the membrane-

bound form occurred.

The translocation of pp120 was also supported bystaining in the pattern analogous to the apical secretory
the immunohistological examination. In the resting canaliculi of parietal cells. This stimulus-dependent
state, pp120 existed evenly in the cytosol of the parietathange was similar to, but less prominent than, that ob-
cells. When cells were stimulated, there was a faintserved in the staining by anti-H,K-ATPase (Hanzel et al.,
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Protein stain 32P-autoradiography
mw +histone -histone +histone -histone 5 11 protein kinase activity of
stds [ R T — immunoprecipitated pp120. The cytosolic fraction
200-m - from rabbit gastric homogenate was treated with a
1;5:: —— s pp120 IR M_‘“ pp120 mo_noclonal_ antibody against pp120, and the
7 = antigen/antibody complex was adsorbed with
LR R ————— Staphylococcus aureysotein A. The precipitated
N 19G by materlal was washed and_ added to the protem
hc“ . kinase mixture, with or without 1 mg/ml histone
43 - = E s (hist) as an acceptor protein. Samples were
S incubated at 37°C for various times, as shown,
and developed on 10% SDS-PAGE for protein
a1 staining anc®?P-autoradiography. When histone
IQG_~ was present both the acceptor histone and pp120
; = were progressively phosphorylated over the 20
min of incubation. In the absence of histone
21-% phosphorylation of pp120 was markedly reduced.
his g Pos_itions of the heavy (Ig(_3 _hc)_ and Iight (IgG Ic)
minof 02 5 12 20 02 5 12 20 02 5 12 20 02 5 12 20 Chains of the immunoprecipitating antibody are
incubation shown.

1989). This might reflect the fact that the translocationitz & Routtenberg, 1987; Jacobson, Virag & Skene,
of H,K-ATPase is rather complete, while that of pp120is1986). The apparent molecular weight of GAP-43 was
partial. 65 kDa in 6% PAGE, and decreased as low as 40 kDa
The next issue is the elucidation of the physiologicalwhen acrylamide was increased to 12%. More intrigu-
role of ppl20. Using antibodies, it was revealed thating, the true molecular weight calculated from the amino
ppl120 exists almost exclusively in the parietal cell, with acid sequence is only 24 kDa, and the product obtained
little to no signal being detected in other gastrointestinalfrom in vitro translation shows the same anomalous mo-
epithelia. This suggests that pp120 does not serve hility in SDS-PAGE, excluding the possibility of the
common physiological function in epithelial cells of the post-translational modification. The anomalous mobility
digestive tract, in contrast to other phosphoproteins in thés thus thought to be the low binding of SDS to GAP-43
apical membrane, e.g., 80K/ezrin, which is a major com-because of its high negative charge (Benowitz & Rout-
ponent of brush border membranes (Hanzel et al., 1983enberg, 1987), and the same mechanism might apply to
1991). The existence of ppl120 in tubular cells in thepp120, with the implication that the true molecular
kidney, although the amount is small, is suggestive, sincaveight of pp120 might be much smaller than 100 kDa.
this cell type, which also secretes acid, is reported to It is important to analyze the mode of binding to
show some rearrangement of apical and basolaterahembranes when the physiologic role of pp120 is con-
membranes (Al-Awqati, 1996). sidered. Although there is no definitive evidence that the
Vinculin is a 120 kDa protein which was reported to membrane bound form of pp120 is exactly the same as
be phosphorylated when parietal cells were stimulatedhe soluble form, any drastic modification in structure
with histamine (Cuppoletti & Malinowska, 1988). Our would not be expected in view of the constancy in two
experiments demonstrate that the apical membrane fracdimensional electrophoresis and peptide mapping. The
tion does not contain vinculin, and that vinculin in the existence of a predominant soluble form excludes the
cytosol is a minor component with respect to the phospossibility that pp120 is an integral membrane protein,
phorylation as compared to pp120. This does not totallywhile it is also difficult to regard this protein as a pe-
exclude the possibility that vinculin binds to the apical ripheral membrane protein in view of its resistance to
membrane with stimulation, or that vinculin might be treatments such as changes in ionic strength or pH, soni-
involved in parietal cell function. The main point here is cation, chelating of divalent cations, and urea. Our early
that pp120 is not vinculin. experiments showed that 80K/ezrin also showed a simi-
Several features of pp120 remind us of a neurondar resistance to the above treatments (Urushidani et al.,
specific protein, B-50/GAP-43 (for review, Oestreicher 1989). Ezrin was also resistant to non-ionic detergent at
et al., 1997). This phosphoprotein, although its physi-low ionic strength, and subsequently recovered in the
ologic role is still unknown, has been studied extensivelycytoskeletal fraction, suggesting the importance of its
in relation to nerve growth or synaptic plasticity. GAP- association with F-actin (Urushidani et al., 1989; Hanzel
43, with an isoelectric point of 4.5, close to that of pp120,et al., 1991). On the other hand, pp120 was easily solu-
also shows anomalous mobility in SDS-PAGE (Benow-bilized by non-ionic detergent. With as little as 131m
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n-octylglucoside, pp120 was perfectly solubilized while Ghany, Riegler & Racker, 1984) although based on the

H,K-ATPase, a typical integral protein, remained in therate of autophosphorylation and molecular weight they

membrane fraction. Under this condition, H,K-ATPasecould not be the same molecule.

activity was not inhibited but rather activated more than In conclusion, pp120 is closely associated with a

two-fold (Urushidani & Forte, 1987). This at least ex- new type of kinase, almost specifically expressed in the

cludes the possibility that pp120 is an activating factorgastric acid secreting cell, where it exists as a soluble

for H,K-ATPase. form in a resting state, and translocates from cytosol to
There are other unusual cases where the mode dhe apical membrane when the parietal cell is stimulated.

protein-membrane association is unclear. GAP-43 id-urther analysis of this interesting protein is now in

known to exist as a synaptosomal membrane-boungrogress in our laboratory.

form, although no consensus hydrophobic domain is pre-
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