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Abstract

Studies in vascular smooth muscle cells suggest that, angiotenisn 11 (Ang I1)-mediated cellular
response requires transactivation of epidermal growth factor receptor (EGF-R), and involves tyrosine
phosphorylation of caveolin-1. Here we demonstrate that, exposure of WB rat liver cells to Ang 11
does not cause transactivation of EGF-R, but did rapidly activate p42/p44 mitogen-activated protein
(MAP) kinases suggesting that it activates MAP kinases independent of EGF-R transactivation. We
observed that the phospho-specific anti-caveolin-1 antibody detected a tyrosine phosphorylated, 75
kDa protein in Ang ll-treated cells which we identified as glucose regulated protein-75 (GRP-75).
Phosphoamino acid analysis showed that Ang Il induced its phosphorylation at tyrosine, serine and
threonine residues and was localized to the cytoplasm. The ability of Ang-I1 to induce GRP-75
phosphorylation suggests that it may play a role in the protection of cytoplasmic proteins from the
damaging effect of oxidative stress known to be produced during Ang-I1 induced signaling.
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INTRODUCTION

Angiotensin Il (Ang 1) is a peptide hormone that plays a central role in the regulation of blood
pressure and sodium homeostasis. It is also known to have a number of blood pressure
independent actions including induction of gene expression and promation of cell growth in
cardiac fibroblasts, myocytes, and vascular smooth muscle cells (VSMCs) [1,2]. Recent studies
have demonstrated that components of renin-angiotensin system are also involved in growth
promoting and remodeling effects in other cell types. For example, Ang Il has been shown to
have proliferative/fibrotic response in human lung fibroblasts [3], kidney epithelial cells [4],
hepatic stellate cells [5] and hepatocytes [6]. Angiotensin Il produces its action by binding to
high affinity G-protein coupled receptors, of which there are two subtypes, Ang Il type 1 and
type 2 (AT, and AT),) receptors [1,7]. The AT receptors (AT.R) regulate most physiological
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responses to Ang Il and are principal receptors involved in pathophysiological signaling [1].
The AT1-R mediates a number of different signaling pathways through activation of the
Gg11 family of heterotrimeric G proteins. This results in the activation in phospholipase C-
catalyzed hydrolysis of phosphatidyl-inositol 4,5-bisphosphate, generating inositol
triphosphate and diacylglycerol [2]. These molecules mobilize calcium and activate protein
kinase C. Inaddition, Ang Il activates tyrosine kinases such a Src kinases, focal adhesion kinase
and Janus kinase and serine-threonine kinases such as p42/44 kinases, and p38 kinases [1,8,
9]. These signaling intermediates modulate the activity of cellular substrates including
structural proteins, enzymes and transcription factors to cause distinct cellular responses.

Previous studies in VSMCs have shown that, the transactivation of epidermal growth factor
receptor (EGF-R), which serves as a scaffold for various signaling molecules, plays an essential
role in eliciting Ang Il mediated tyrosine kinase signaling pathways [10-14]. The
transactivation of EGF-R by Ang Il is demonstrated to occur through a metalloproteinase
activity and requires Ca2*, c-Src, and nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase-derived reactive oxygen species (ROS), leading to activation of p42/44 MAP kinases
and Akt/protein kinase B (PKB) [14-18]. Caveolin-1, the major structural protein (21 kDa) of
caveolae [19] appears to play a central role in Ang I1-induced transactivation of EGF-R in VSM
cells [13,14,18] and hepatic clone 9 cells [20] and an important event in this process is the
phosphorylation of caveolin-1 at Y14 [13,14]. Based on co-precipitation and co-localization
studies, it was postulated that caveolin-1 interacts with EGF-R to maintain the receptor in the
inactivated state in unstimulated VSMCs; however, following Ang Il stimulation, caveolin-1
tyrosine phosphorylation leads to the release and subsequent activation of EGF-R [14]. The
presence of a consensus caveolin-1 binding site in AT1-R [14,21], the demonstration of an
interaction between AT1-R and EGF-R [20], and AT-R and caveolin-1 [21] further suggests
the importance of caveolin-1 in Ang Il induced signaling. Interestingly, another study
demonstrated that interaction between AT1-R and caveolin-1 is important for trafficking of the
AT1-R to the cell surface, rather than acting as a scaffold for AT-R at the cell surface during
signaling [22].

The requirement for EGF-R transactivation in Ang I1-mediated signaling appears to differ
between cell types. In rat aortic VSMCs, EGF-R transactivation was shown to be crucial for
Ang Il mediated p42/p44 MAP kinases [10,14,16]; however, in human embryonic kidney
(HEK) cells transfected with AT1-R [23] and preglomular smooth muscle cells expressing
endogenous AT1-R [24], MAP kinase activation by Ang Il has been shown to occur
independent of EGF-R transactivation. Since involvement of caveolin-1 in AT1-R signaling
has not been well studied in non-vascular smooth muscle cell types, we initiated studies to
determine if exposure of WB cells (a continuously passaged rat liver cell line), which expresses
endogenous AT1-R, to Ang I, causes tyrosine phosphorylation of caveolin-1 and
transactivation of EGF-R. WB cells are epithelial cells that were originally isolated from the
liver of adult rats [25,26] and they have been used by numerous investigators to study Ang |-
induced signal transduction pathways [25-34].

In this study, we demonstrate in WB rat liver cells that Ang Il does not induce caveolin-1
phosphorylation or transactivation of EGF-R. Despite the lack of EGF-R transactivation, Ang
Il induced activation of p42/p44 MAP Kinases in these cells. While studying the effect of Ang
I1 on caveolin-1 phosphorylation, we observed that the phospho-specific anti-caveolin-1
antibody used in the study cross-reacted with a 75 kDa protein. Enhanced cross-reactivity of
the phospho-specific anti-caveolin-1 antibody with the 75 kDa protein in multiple experiments
suggested that Ang Il may regulate its phosphorylation. Therefore, we performed studies to
characterize and establish the identity of this protein. We demonstrate that Ang Il rapidly
induced phosphorylation of the 75 kDa protein at tyrosine, serine and threonine residue(s).
Phosphorylated 75 kDa protein was localized to the cytoplasm in both unstimulated and Ang
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Il stimulated cells. Using mass spectrometry, we identified it as GRP-75, a member of heat
shock protein (HSP) family. Although known to be present in mitochondria, phosphorylation
of GRP-75 in the cytoplasm did not cause its translocation to the mitochondria. Exposure of
cells to pervanadate, a stress inducing agent, mimicked the actions of Ang Il, suggesting that
GRP-75 phosphorylation occurs in cells under the conditions of oxidative stress. Since GRP-75
is a stress response protein, its phosphorylation by Ang Il suggests that, through interactions,
it may protect cytoplasmic proteins from the damaging effects of H,O, or superoxide, known
to be produced during Ang Il-induced signal transduction [2].

EXPERIMENTAL PROCEDURES

Materials

Cell Culture

Cell culture reagents were purchased from Invitrogen. Richter’s improved minimal essential
medium was obtained from Irvine Scientific Co; EXP3174 was provided by Merck Sharp &
Dohme Research laboratories; Interleukin-6 (IL-6) and Epidermal Growth Factor (EGF) were
obtained from R&D systems; Angiotensin Il was obtained from Sigma. Nitrocellulose
membrane was from Amersham; phospho-specific anti-caveolin-1 antibody was obtained from
Cell Signaling Technology; phospho-specific anti-Stat3 antibody was from Biosource
International; anti-Stat3 antibody antibody was from Santa Cruz Biotechnology; anti-
phosphotyrosine antibody was from Upstate Biotechnology; anti-GRP-75 antibody was from
Oxford Biomedical Research; goat anti-rabbit IgG and rabbit anti-mouse 1gG were from Bio-
rad; all other chemicals were either from Sigma or Fisher Scientific.

WA rat liver cells were kindly provided by Dr. H. Shelton Earp (University of North Carolina,
Chappell Hill, NC) and maintained at 37 °C in Richter’s improved minimal essential medium
containing 10% fetal bovine serum and 0.1 uM insulin in a humidified 5% CO2 incubator as
previously described [33]. Cells (passages 20-30) were grown for 12—24 hours and serum
starved for 12 hours before the addition of Ang Il or cytokines.

Immunoprecipitation and Western Blots

Serum starved cells were treated with Ang 1l or other agents for the indicated times and washed
with phosphate buffered saline. Cells were scrapped in lysis bufer [10 mM Tris-Cl pH 7.4, 150
mM NacCl, 15% glycerol, 1% triton X-100, 1 mM sodium orthovanadate (tyrosine phosphatase
inhibitor), 10 pg/ml leupeptin, 10 pg/ml aprotinin, 1 mM NaF (serine/threinine phosphatase
inhibitor), and 1 mM phenylmethylsulfonyl fluoride (PMSF). Equal amounts of proteins were
immunoprecipitated with indicated antibodies and protein A/G agarose. Immunocomplexes
were collected by centrifugation, washed three times with imminoprecipiation buffer (lysis
buffer), proteins resolved by 8% polyacrylamide gel electrophoresis, transferred to a
nitrocellulose membrane, and were incubated with their respective primary antibodies.
Immunoreactive bands were visualized using a chemiluminescence Western blotting system
according to the manufacturers’ instructions (Amersham).

Cell Fractionation

All cell fractionation studies were carried out at 4 °C. Cells were harvested by scraping into
ice-cold PBS, washed once with ice-cold PBS, resuspended in 0.8 ml of hypotonic buffer (10
mM Hepes, pH 7.9, 10 mM KCI, 3 mM MgCl,, 1 mM dithiothreitol, 1 mM PMSF, 1 mM
sodium ortho vanadate, 1 mM NaF), per cell pellet derived from two 100-mm culture. Using
a loose fitting Dounce homogenizer, cells were gently broken to fractionate into cytoplasmic
and nuclear fractions as described earlier [35]. Nuclei were removed from cell homogenate by
low speed centrifugation (1000 rpm for 4 min) in an eppendorf centrifuge. The crude post
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nuclear cytoplasm fraction was further subjected to 15000 x g in an eppendorf tube for 15 min.
The pellet represented the membrane fraction (mitochondria, endoplasmic reticulum and
plasma membrane). The supernatant represented the cytoplasmic fraction. Mitochondria were
isolated using the mitochondria isolation kit as described by the manufacturer (Pierce).

Mass Spectrometry and Sequence Analysis

The 75 kDa protein was purified from Ang ll-treated total cell lysates (150 mg) by
immunoprecipitation with phospho-specific anti-caveolin-1 antibody. The
immunoprecipitated protein was concentrated and separated on an 8% SDS-polyacrylamide
gel, and stained with coomassie blue. The stained gel bands were rinsed in water, cut into ~1
mm pieces, dehydrated with 0.2 M NH4HCO3/50% acetonitile for 30 min and dried in a Speed-
Vac. The gel pieces were then rehydrated in 0.1 M NH4HCO3 containing 0.5-1 pug modified
trypsin (Promega) and digested for 20 h at 37 °C. The supernatant was removed to a clean
microfuge tube, the gel fragments extracted with aqueous 50% methanol/1% formic acid for
30 min, and combined with the initial extract. This was evaporated to ~20 ul and desalted on
a C1gZipTip (Millipore) as recommended by the vendor. Peptides were eluted from the ZipTip
with 2-5 pul aqueous solution of 50% methanol and 1% formic acid. One pl was mixed with
matrix (alpha-cyano-4-hydroxycinnamic acid) and spotted on a MALDI target plate for
analysis by Applied Biosystems VVoyager DE-STR MALDI-TOF mass spectrometer. Peptide
masses detected were sent to PROWL (Rockefeller University) or Protein prospector
(University of California-San Francisco) for protein data base searches for possible matches.
The search was done for all species (in the NCBI data base) for a molecular weight range of 5
kDa to 250 kDa (wide open search). Sequence comparison was performed using the BLAST
search program and search was done with NCBInr data base.

In Vivo [32P] Labeling, Immunoprecipitation and Phosphoamino Acid Analysis

RESULTS

WB cells were serum starved for 12 hours in phosphate free medium, labeled with carrier free
[32P] orthophosphoric acid (500 pCi/ml) for 3 h, and either left untreated or treated with Ang
I1 for 10 min. Cell lysates were prepared and immunoprecipitation were done as previously
described [36]. 200 g of total cell extract were immunoprecipitated with phospho-specific
anti-caveolin-1 antibody (cross-reactive to the 75 kDa protein), and immune complexes
collected by the addition of protein A/G agarose. Samples after wash were dissolved in SDS-
sample buffer and loaded on to the SDS — PAGE, transferred to polyvinylidene difluoride
membrane, and subjected to autoradiography for 6 h to localize 32P-radiolabeled GRP-75.
Phosphoamino acid analysis was performed as previously described [36]. The GRP-75 band
was excised and the membrane suspended in 200 pl of 6 N HCI, and hydrolyzed at 110 °C, for
1h, dried, dissolved in 5 pl of thin layer electrophoresis buffer (formic acid:acetic
acid:H,0-50:156:1794) (pH 1.9), containing phospho amino acid standards, spotted onto TLC
plates and resolved electrophoretically in the pH 1.9 buffer, using the Hunter Thin Layer
Electrophoresis system (HTLE) system. Following 15t dimension electrophoresis, the plates
were dried and subjected to 2" dimension electrophoresis in a solvent system of acetic
acid:pyridine:H,0O (100:10:1890) (pH 3.5) using the HTLE system. The plates were dried,
sprayed with ninhydrin, and exposed to X-ray film.

Angiotensin Il Activates p42/p44 MAP kinases Independent of EGF-R Transactivation

Previous reports have demonstrated in VSMCs that Ang Il induces activation of p42/44 MAP
kinases through transactivation of EGF-R and this occurs within 3 minutes following exposure
to Ang 11 [10,14,16,37]. One of the major Ang ll-induced tyrosine phosphorylation sites on

EGF-R was identified as Y1068 [37]. To determine if Ang Il induces transactivation of EGF-
R in WB cells, lysates prepared from cells untreated or treated with Ang 11 (3 min) or EGF (3
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min) were run on a SDS-polyacrylamide gel and immunoblotted with phospho-specific
(Y1068) anti-EGF-R antibody. Figure 1A demonstrates that the phospho-specific EGF-R
antibody does not detect phosphorylated EGF-R in cells treated with Ang Il (lane 2). However,
it detected the phosphoryated EGF-R in cells treated with EGF (positive control). This suggests
that in WB cells, Ang Il does not cause transactivation of EGF-R. Reprobing the blot of Fig.
1A with anti-EGF-R antibody showed equal amount of EGF-R in all lanes (Fig. 1B). A detailed
experiment involving exposure time from 1 min to 30 min with Ang I, also failed to show
EGF-R transactivation (data not shown). To determine if Ang Il activates p42/p44 MAP
kinases, the samples of Fig. 1A were immunoblotted with phospho-specific anti-MAP kinase
antibody. Figure 1C demonstrates that Ang Il and EGF, both activate p42/44 MAP kinases.
Reprobing the blot of Fig. 1C with anti-MAP kinase antibody showed similar amount of protein
in all lanes (Fig. 1D) These results show that in WB cells, Ang Il activates p42/p44 MAP
kinases independent of transactivation of EGF-R.

Angiotensin Il Does Not Induce Tyrosine Phosphorylation of 21 kDa Caveolin-1 Protein;
Phospho-specific Anti-Caveolin-1 Antibody Cross-Reacts with a 75 kDa Protein

The lack of EGF-R transactivation by Ang Il suggested that in WB cells, Ang Il may not induce
tyrosine phosphorylation of caveolin-1. Previous reports have demonstrated that exposure of
VSMCs to Ang Il induces tyrosine phosphorylation (YY14) of caveolin-1 and this was
implicated in the transactivation of EGF-R [14]. According to this report, Ang IlI-mediated
tyrosine phosphorylation of caveolin-1 was observed within 1 min, peaked at 15 min, and
gradually decreased to basal levels by 60 min. To determine the effect of Ang Il on caveolin-1
tyrosine phosphorylation in WB cells, total cell lysates were prepared from cells treated with
Ang Il for varying periods of time. Equal amounts of proteins were immunoblotted with the
phospho-specific anti-caveolin-1 antibody. This antibody is specific to caveolin-1 protein
phosphorylated at tyrosine residue 14. Figure 1E demonstrates that phospho-specific anti-
caveolin-1 antibody did not detect phosphorylated caveolin-1 (21 kDa) in WB rat liver cells
suggesting that in these cells Ang Il does not induce its tyrosine phosphorylation. This antibody,
when used in immunoblots containing cell lysates treated with hydrogen peroxide (positive
control), detected the 21 kDa caveolin-1 protein (data not shown), suggesting that it has the
ability to detect phospho-caveolin-1 protein. Interestingly, we observed that the phospho-
specific anti-caveolin-1 antibody prominently detected a 75 kDa protein following Ang 11
stimulation with activation observed as early as 5 min (lane 2), peaked at 15 min (lane 3) and
decreased to almost basal levels at 60 min (lane 5). The interaction between phospho-specific
anti-caveolin-1 antibody with the 75 kDa protein appears to be specific as pre-incubation of
phospho-specific anti-caveolin-1 antibody with phospho-caveolin-1 peptide (immunogen)
abrogated its ability to cross-react with the 75 kDa protein(s); however, when the antibody was
incubated with unphosphorylated caveolin-1 peptide, it still retained the cross-reactivity with
the 75 kDa protein (data not shown). To determine if caveolin-1 is expressed in WB cells, we
stripped the blot of Fig. 1E and probed with caveolin-1 specific antibody. Figure 1F
demonstrates that anti-caveolin-1 antibody detected the 21 kDa caveolin-1 protein in all lanes,
suggesting that WB cells express caveolin-1 protein and that equal amounts of protein was
present in individual samples (loading control). These results show that Ang Il does not induce
phosphorylation of caveolin-1 and that the phospho-specific anti-caveoilin-1 antibody
specifically cross-reacts with a 75 kDa protein.

The 75 kDa Protein Detected by Phospho-Anti-Caveolin-1 Antibody is Phosphorylated at
Tyrosine and Serine Residues in Ang II-Treated Cells

Specific recognition of the 75 kDa protein by the phospho-specific (tyrosine) anti-caveolin-1
antibody in Ang |1 treated cells suggested that it may be phosphorylated at tyrosine residues.
To determine this, proteins from untreated and Ang Il-treated cells were immunoprecipitated
with anti-phosphotyrosine antibody, and samples were run on a gel and immunoblotted with
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phosphospecific anti-caveolin-1 antibody cross-reactive to the 75 kDa protein. Figure 2A
demonstrates that the phospho-specific anti-caveolin antibody recognized the 75 kDa protein
in the anti-phosphotyrosine antibody immunoprecipitates with enhanced cross-reactivity in
Ang ll-treated cells. Reprobing the blot of Fig. 2A with anti-caveolin-1 antibody did not detect
a band corresponding to 21 kDa caveolin-1, confirming that Ang Il does not induce caveolin-1
tyrosine phosphorylation (data not shown). In a reciprocal experiment, we immunoprecipitated
the samples with phospho-specific anti-caveolin-1 antibody and the precipitated proteins were
immunoblotted with anti-phosphotyrosine antibody. We again observed increased cross-
reactivity of the 75 kDa protein by anti-phosphotyrosine antibody in anti-phospho-caveolin-1
antibody immunoprecipotates obtained from lysates of Ang Il-treated cells (Fig. 2B).
Reprobing the blot of Fig. 2B with anti-caveolin-1 antibody again did not detect caveolin-1
protein, which rules out the possibility that the 75 kDa protein is complexed with caveolin-1
protein (data not shown). These results establish that the 75 kDa protein is phosphorylated at
tyrosine residue(s) in WB cells following Ang Il stimulation and that the anti-phospho-
caveolin-1 antibody directly recognizes the 75 kDa protein.

We then addressed if beside tyrosine, Ang Il also induces phosphorylation of the 75 kDa protein
at serine/threonine residues. For this, we performed in vivo [32P] labeling of proteins in
presence of Ang Il, followed by immunoprecipitation with anti-phospho-caveolin-1 antibody
cross-reactive to the 75 kDa protein, and phosphoamino acid analysis. Figure 2C demonstrates
that the 75 kDa protein is constitutively phosphorylated at only serine residues in untreated
control; however, Ang Il stimulated phosphorylation of not only tyrosine, but also serine
residues. Phosphorylation at serine was more prominently observed compared to at tyrosine.
Cerenkov counting of the radioactive spot showed a two fold increase in tyrosine
phosphorylation, a four fold increase in serine phosphorylation, and 0.5-fold increase in
threonine phosphorylation, following Ang Il treatment. These data demonstrate that Ang 11
induces phosphorylation of the 75 kDa protein at tyrosine, serine and threonine residues.

Angiotensin ll-Induced Phosphorylation of the 75 kDa Protein is Concentration Dependent
and Mediated by AT, Receptor

We performed experiments to determine if Ang Il-mediated phosphorylation of the 75 kDa
protein is concentration dependent. For this, cells were left untreated or treated with different
concentration of Ang Il, lysates prepared and immunoblotted with phospho-specific anti-
caveolin-1 antibody cross-reactive to the 75 kDa protein. Figure 3A demonstrates that Ang Il
induces phosphorylation of the 75 kDa protein in a concentration dependent manner.
Phosphorylation was observed at low concentration as low as 1 nM Ang 1. As a loading control,
we stripped and reprobed the blot in Fig. 3A with anti-Stat3 antibody. We used Stat3 as loading
control in these and subsequent experiments because its levels remained unchanged upon Ang
Il addition (unpublished data), and additionally, we have also used it as loading control in our
previous report [35]. Figure 3B demonstrates that all lanes contained equal amount of proteins.
Pretreatment of cells with EXP3174, a selective non-peptide AT;-R antagonist completely
blocked Ang Il-induced phosphorylation of the 75 kDa protein (Fig. 3C). Reprobing the blot
of Fig. 3C with anti-Stat3 antibody showed equal amount of protein in all lanes (Fig. 3D).
These results demonstrate that the phosphorylation of the 75 kDa protein by Ang 1 is mediated
by ATq-R.

Identification of the 75 kDa Protein as GRP-75

The ability of the phospho-specific anti-caveolin-1 antibody to immunoprecipitate the 75 kDa
protein suggested that this antibody could be used to purify the protein and establish its identity
by mass spectrometry. For this, lysates from Ang ll-treated cells were immunoprecipitated
with phospho-specific anti-caveolin-1 antibody and the proteins electrophoresed on an 8%
SDS-polyacrylamide gel and then stained with Coomassie blue. The 75 kDa protein band was
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excised from the gel, digested with trypsin and analyzed by mass spectrometry. The masses
detected for 13 peptides derived from the 75 kDa protein matched (20 ppm accuracy window)
perfectly with the rat GRP-75 sequence (Accession number P48721) (Fig. 4). The rat GRP-75
has a total of 679 amino acids [38]. Put together, the 13 peptides represented sequences
anywhere between amino acids 86-653, and this covered ~30 % of the GRP-75 sequence (Fig.
4). In mass spectrometry based identification of proteins, peptide coverage of 30% or greater
is considered excellent for a pure protein present in large abundance 1 The search was done
for all species (in the NCBI data base) for a molecular mass range of 5-250 kDa, and the best
match was found with rat GRP-75.

GRP-75is Tyrosine Phosphorylated in Cells Stimulated with Ang Il

We considered the possibility that GRP-75 may undergo phosphorylation in cells treated with
Ang Il. To determine this, lysates from unstimulated and cells stimulated with Ang Il (15 min)
were immunoprecipitated with commercially available anti-GRP-75 antibody, protein
complexes separated on a SDS-polyacrylamide gel, and immunoblotted with anti-phospho-
tyrosine antibody. Figure 5A demonstrates that GRP-75 undergoes tyrosine phosphorylation
in Ang ll-treated cells. As a control for the immunoprecipitation, we stripped the blot of Fig.
5A and reprobed the blot with anti-GRP-75 antibody. Fig. 5B demonstrates that both lanes
contain similar amount of GRP-75 protein. To verify whether the immunoprecipitated GRP-75
protein from Ang Il treated cells can be detected with anti-phospho-caveolin-1 antibody; we
stripped the blot of Fig. 5A and reprobed it with anti-phospho-caveolin-1 antibody. We
observed that the anti-phospho-caveolin-1 antibody again detected the 75 kDa protein with
enhanced cross-reactivity in Ang Il treated cells (Fig. 5C). This confirms that the 75 kDa protein
recognized by anti-phosphotyrosine antibody and anti-phospho-caveolin-1 antibody in anti-
GRP-75 antibody immunoprecipitates is the same protein.

The Phosphorylated GRP-75is Localized to the Cytoplasm in Both Unstimulated and Ang IlI-
Stimulated Cells

GRP-75 is a highly conserved member of HSP family [38,39]. It has been demonstrated to be
predominantly localized to mitochondria; however, is also detected in other cellular
compartments including endoplasmic reticulum, cytoplasmic vesicles and cytoplasm [40,41].
We therefore determined the cellular localization of phosphorylated GRP-75 in WB cells using
anti-phospho-caveolin-1 antibody cross reactive to phosphorylated GRP-75. We isolated total
membrane (endoplasmic reticulum, plasma membrane and mitochondria), cytoplasm and
nuclear fractions from un-stimulated and Ang II-stimulated cells, proteins immunoblotted with
phospho-specific anti-caveolin-1 antibody. Figure 5D demonstrates that phosphorylated
GRP-75 is localized to cytoplasm and completely absent in membrane and nuclear fractions.
In control experiments, we confirmed the purity of cell fractionated samples by probing the
immunoblots with anti-Stat3, anti-transforming growth factor-f receptor and anti-E2F
antibodies specific respectively to cytoplasm, membrane and nuclear fractions (data not
shown). These results demonstrate that phosphorylated 75 kDa protein is exclusively localized
to the cytoplasm.

GRP-75 Undergoes Tyrosine Phosphorylation in Cells Treated with Pervanadate

Since GRP-75 is a stress response protein, we determined if exposure of cells to pervanadate,
a known inducer of oxidative stress, stimulates GRP-75 phosphorylation in WB cells. Cells
were treated with pervanadate for 15 min and lysate were immunoblotted with the phospho-
specific anti-caveolin-1 antibody. Figure 6A (lane 5) demonstrates that pervanadate potently
induced tyrosine phosphorylation of GRP-75; however, IL-6 (lane 3) and EGF (lane 4) did not

IRichard G. Cook, Personal communication.

Arch Biochem Biophys. Author manuscript; available in PMC 2008 November 3.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Krishna et al.

Page 8

elicit its tyrosine phosphorylation. Densitometry scanning of the blot confirmed that the levels
of GRP-75 phosphorylation in EGF and 1L-6 treated samples were similar to the untreated
control levels (data not shown). Reprobing the blot of Fig. 6A with anti-Stat3 antibody showed
equal amounts of protein in all lanes (Fig. 6B). Exposure of cells to heat shock (42 °C) for 30
min also failed to induce GRP-75 phosphorylation (data not shown). These results suggest that
GRP-75 phosphorylation occurs under the conditions of oxidative stress.

Previous reports in VSM cells showed that Ang Il induces the production of reactive oxygen
species (ROS) in VSM cells, and this was mediated via NADH/NADPH oxidase (14). We
hypothesized that Ang Il mediated phosphorylation of GRP-75 may also occur via NADH/
NADPH oxidase and generation of ROS. To address this, we tested the ability of Ang Il to
induce tyrosine phosphorylation of GRP-75 in presence diphenylene iodonium (DPI) an
inhibitor of NADH/NADPH oxidase. Cells were left untreated, treated with DPI, or first
pretreated with DPI followed by Ang Il and immunoblotted with anti-phospho-caveolin-1
antibody cross reactive to phosphorylated GRP-75. Figure 6 C demonstrates that the
pretreatment of cells with DPI completely inhibited Ang Il-mediated increase in GRP-75
tyrosine phosphorylation (lanes 4). Reprobing the blot with anti-stat3 antibody showed similar
amount of protein in all lanes (Fig. 6D). These results demonstrates that Ang Il-mediated
tyrosine phosphorylation of GRP-75 occurs via activation of NADH/NADPH oxidase and
implicates ROS in this process. Since Ang |l activates p42/p44 MAP kinases in these cells, we
determined if PD98059, an inhibitor of MAP kinase kinase 1 would block Ang Il-mediated
increase in GRP-75 tyrosine phosphorylation. We observed that the GRP-75 tyrosine
phosphorylation was insensitive to treatment with PD98059, suggesting that p42/p44 MAP
kinases are not involved in Ang IlI-mediated effects.

Sequence Comparison Between Phospho-Caveolin-1 Peptide and GRP-75 Shows a
Homology Region for Recognition by Phospho-Caveolin-1 Antibody

GRP-75 and caveolin-1 are unrelated proteins and therefore, the cross-reactivity of phospho-
caveolin-1 antibody with GRP-75 is an intriguing observation. To explain the cross-reactivity
and to identify a potential homology region, we compared the caveolin-1 phospho-peptide
sequence (EGHLY*TVPIR; aa 10-19; where Y* represents phosphoyrosine), which was used
as the immunogen, with GRP-75 amino acid sequence. Amino acid sequence comparison
showed the presence of a common G-LY motif between phospho-caveolin-1 peptide and
GRP-75 sequence (aa 158-161) (Fig. 7). It is likely that the tyrosine (Y161) in the G-LY of
GRP-75 undergoes phosphorylation following treatment with Ang 11, and this site then would
be recognized by phospho-specific anti-caveolin-1 antibody.

Angiotensin Il Induces Tyrosine Phosphorylation of GRP-75 at Two Different Sites

In a previous report, we demonstrated that exposure of CCL39 lung fibroblasts to a-thrombin
induces phosphorylation of GRP-75, and the potential site of tyrosine phosphorylation was
identified as Y331 [35]. This was based on an observation that phospho-specific anti-Stat3
antibody raised against a phospho-peptide of Stat3 (SAAPY*LKTKF, aa 701-710; where Y
represents phosphotyrosine) specifically cross-reacted with GRP-75 from a-thrombin-treated
cells [35]. Comparison of the Stat3 phospho-peptide sequence with GRP-75 identified a tri-
peptide sequence PYL common between these two sequences, providing an explanation for
the cross-reactivity of phospho-specific anti-Stat3 antibody with GRP-75 [35]. Since the
homology region identified in this study between phospho-caveolin-1 peptide and GRP-75
(sequence G-LY; aa 158-161) is different from the homology region identified in our previous
report [35] between phospho-Stat3 peptide and GRP-75 (sequence PYL; 330-332), we
hypothesized that Ang |1, beside phosphorylation at Y161, may also induce phosphorylation
at Y331. To determine this, we immunoprecipitated the lysates from untreated and Ang I1-
treated cells with phospho-specific anti-Stat3 antibody cross-reactive to phosphorylated
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GRP-75 [35], immunocomplexes collected, and immunoblotted with phospho-specific anti-
caveolin-1 antibody cross-reactive to phosphorylated GRP-75. Figure 8A demonstrates that
the phospho-specific anti-Stat3 antibody immunoprecipitates contained a 75 kDa protein cross-
reactive to phospho-specific anti-caveolin-1 antibody. In a reciprocal experiment, we
immunoprecipitated the control and Ang ll-treated cell lysates with phospho-specific anti-
caveolin-1 antibody and immunocomplexes immunoblotted with phospho-specific anti-Stat3
antibody cross-reactive to phosphorylated GRP-75. Figure 8B demonstrates that phospho-
specific anti-caveolin-1 immunoprecipitates contained the 75 kDa protein crossreactive to
phospho-specific anti-Stat3 antibody. These results collectively show that exposure of WB
cells to Ang Il induces tyrosine phosphorylation of GRP-75 at both Y161 and Y331 sites.

GRP-75 Phosphorylation and Mitochondrial Translocation are Independent Events

Since GRP-75 is has been localized to both cytoplasm and mitochondria in many cell types
[40-42], in a time course study, we examined if phosphorylation of GRP-75 has any
relationship to its translocation to mitochondria. To determine this, we prepared cytoplasmic
fraction and mitochondrial fraction from untreated and Ang ll-treated (15 min and 30) cells.
Equal amounts of proteins were run on a SDS-gel and immunoblotted with GRP-75 antibody.
Figure 9A demonstrates that following Ang Il stimulation, GRP-75 levels remained unchanged
in cytoplasm and mitochondrial compartments. To determine if mitochondria contain
phosphorylated GRP-75, untreated and Ang |l-treated samples representing cytoplasmic and
mitochondrial fractions were immunoblotted with phospho-specific anti-caveolin-1 antibody
cross-reactive to phosphorylated GRP-75. Figure 9B demonstrates that phosphorylated
GRP-75 is observed in the cytoplasmic fraction but not in mitochondria. These results
demonstrate that translocation and phosphorylation of GRP-75 are not linked events.
Furthermore, the result of Fig. 9B also confirms the observation in Fig. 5C that phosphorylated
GRP-75 is exclusively localized to cytoplasm. As previously reported by other investigators
[40], mitochondrial fraction contained higher levels of GRP-75 (Fig. 9A).

DISCUSSION

Accumulating evidence suggests that mitogenic responses to AT;_R activation occur through
transactivation of EGF-R [10-14], and tyrosine phosphorylation of caveolin-1 is an important
step in this process. This pathway has been well characterized in the cardiovascular cell types;
however, little information is available about Ang Il effects on EGF-R transactivation and
caveolin-1 phosphorylation in non vascular cells. In this study, we demonstrate in WB cells
expressing endogenous AT1-R that, Ang Il induces p42/44 MAP kinases independent of EGF-
R transactivation. Consistent with the lack of EGF-R transactivation, Ang Il also failed to
induce caveolin-1 tyrosine phosphorylation. We identified the 75 kDa protein cross-reactive
to the phospho-specific anti-caveolin-1 antibody as GRP-75, a member of the heat shock/stress
response protein family. Angiotensin Il induced phosphorylation of GRP-75 in a concentration
dependent fashion, and this was mediated via AT4-R. Phosphorylation of GRP-75 was
observed on serine, tyrosine and threonine residues; however, phosphorylation at serine was
more prominent than at tyrosine, and phosphorylation at threonine was minimal.
Phosphorylated GRP-75 was localized to the cytoplasm in both unstimulated and Ang 11
stimulated cells. Exposure of cells to pervanadate, which is a known inducer of oxidative stress,
stimulated phosphorylation of the GRP-75; however, compared to control, its phosphorylation
levels were similar with IL-6 or EGF treatment. This suggests that oxidative stress/generation
of reactive oxygen species (ROS) is likely to be required for GRP-75 phosphorylation. In
support of this, we observed that treatment of cells with DPI, an inhibitor of NADH/NADPH
oxidase (a known inducer of super oxide production), abrogated Ang Il-induced GRP-75
tyrosine phosphorylation. This is the first report of the ability of Ang Il to induce
phosphorylation of GRP-75 at tyrosine, serine and threonine residues and suggest that through
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its chaperone properties, it may protect cytoplasmic proteins from unfolding and degradation
caused by oxidative stress, known to be produced during Ang Il-induced signaling [2].

Previous reports have shown that cell types exhibiting Ang Il signaling through EGF-R
activation include VSMCs, cardiac myocytes and fibroblasts, COS 7 cells, C9 hepatic cells,
glomerular mesengial cells, prostrate stromal cells, anterior pituitary cells, and breast cancer
cells [23]. However, the EGF-R transactivation does not appear to be a universal process and
has a minor or no role in HEK 293 cells [23] and pre-glomerular smooth muscle cells [24].
Our results in WB rat liver cells indicate that EGF-R transactivation is not an intermediate
event in Ang Il mediated signal transduction pathways. Out of the 5 autophosphorylation sites
on the EGF-R [43,44], Ang Il has been shown to phosphorylate Y 1068 and Y 1173 of EGF-
R in a redox sensitive manner [37]. In our experiments, initially we used phospho specific anti-
EGF-R antibody directed against Y1068; yet, we did not observe any EGF-R phosphorylation.
However, this antibody detected the EGF-R phosphorylation when cells were stimulated with
EGF. Phospho-specific EGF-R antibody specific to Y1173 also failed to detect EGF-R from
Ang Il treated cells (data not shown). Although the reason for the lack of transactivation of
EGF-R by Ang Il in WB cells remains to be elucidated, it may be related to the lack of induction
of matrix metalloproteinases required for the activation of HB-EGF-R, as has been previously
shown in HEK 293 cells [23]. The inability of Ang Il to cause trasactivation of EGF-R in WB
cells further establishes that individual actions of Ang Il on EGF-R transactivation occur in a
cell type specific manner.

We used mass spectrometry to identify the 75 kDa protein which cross-reacted to phospho-
specific anticaveolin-1 antibody, as GRP-75. It is a member of heat shock/stress response
protein family [40-42] which function as molecular chaperones that have translocase and
foldase activities [45]. GRP-75 is known to be induced under conditions of low glucose,
nutritional and other environmental stress [40]. Increased levels of GRP-75 were also observed
in ischemic brain which suggests that it may protect the tissue from metabolic stress such as
oxygen/glucose deprivation [38]. It was reported to be present at multiple sub cellular sites
including endoplasmic reticulum, cytoplasmic vesicles, and cytosol while residing
predominantly in mitochondria [40]. GRP-75 performs multiple functions including
mitochondrial import, intracellular trafficking, receptor internalization, and is also implicated
in antigen recognition and cell proliferation. Although, GRP-75 contains a mitochondrial
translocation sequence, following its phosphorylation in the cytoplasm, we did not observe an
increase in translocation to the mitochondria. Thus, phosphorylation of GRP-75 and its
translocation to mitochondria appear to be independent events. The exclusive localization of
phosphorylated GRP-75 to the cytoplasm suggests that it may regulate cytoplasmic protein
functions through protein:protein interactions. In this context, it is important to note that
GRP-75 was shown to bind to multiple proteins and alter their functional activity [40]. It was
shown to interact with mevolanate pyrophosphate decarboxylase (MPD), a protein known to
furnish prenylation of many proteins including p21R2s and over expression of GRP-75 resulted
in reduced level of Ras activity and p42 MAP Kinase [46]. In transformed human tumor cells,
GRP-75 was shown to bind to tumor suppressor protein p53 and this resulted in cytoplasmic
sequestration of p53 and inhibition of its transcriptional inactivation function [40,47].
Additional GRP-75 interacting proteins include GRP-94, interleukin-1 receptor and fibroblast
growth factor-1 (FGF-1) [40,48,49]. It was shown that tyrosine phosphorylation of GRP-75 is
required for its interactions with FGF-1 [49]; however, currently no information is available
if tyrosine/serine phosphorylation affects its interactions with MPD, p53 or GRP-94. Since
phosphorylation is a key regulatory event in signal transduction pathways, our finding that Ang
Il rapidly induces GRP-75 phosphorylation suggest that it may alter the functional activity of
proteins during Ang Il signaling.
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In a previous report [35] we showed in a-thrombin-treated cells that a phospo-specific anti-
Stat3 antibody raised against a phospho-peptide of Stat3 specifically cross-reacted with
phosphorylated GRP-75. In this study, we demonstrated in Ang Il-treated WB rat liver cells
that phospho-specific anti-caveolin-1 antibody cross-reacted with GRP-75. Although these are
structurally and functionally unrelated proteins, sequence comparison of GRP-75 revealed two
separate short regions of homology, one to caveolin-1 phosphopeptide (G-LY, aa 158-161 in
GRP-75) (Fig. 7), and another to Stat3 phospho-peptide (PYL aa 330-332 in GRP-75) [35].
Both homology regions contain a single tyrosine residue (Y161 and Y331) and it is likely that,
anti-phospho-Stat3 and anti-caveolin-1 antibodies recognize these sites following tyrosine
phosphorylation by Ang 1. Antibodies to epitopes outside the phosphorylation domains are
removed by extensive pre-adsorption with un-phosphorylated peptides during preparation of
phospho-specific antibodies, and therefore, they are bound to recognize sites with short
sequences. In separate reciprocal immunoprecipitation experiments, we showed that Ang |1
induces GRP-75 phosphorylation at both Y161 and Y331 residues. Further, phosphoamino
acid analysis showed the ability of Ang Il to induce phosphorylation at both tyrosine and serine
residues. Although the location of serine phosphorylation site(s) on GRP-75 is not clear, it
appears to have a sequence (LY SP, aa 160-163) similar to the p42/44 MAP kinase consensus
site. The higher levels of serine phosphorylation may also be due to multiple sites of serine
phosphorylation on GRP-75 following Ang Il stimulation. Identification of all Ang Il-induced
serine/tyrosine phosphorylation sites on GRP-75 requires additional study.

The observation that pervanadate, which is a known inducer of oxidative stress in cells causes
phosphorylation of GRP-75 suggests that similar mechanism may be involved in Ang Il1-
induced GRP-75 phosphorylation. Our observation that pretreatment of cells with the DPI, an
inhibitor of NADH/NADPH oxidase, completely abolished the ability of Ang Il to induce
tyrosine phosphorylation of GRP-75 further suggests that ROS may be involved in this process.
Although Ang Il induced p42/p44 MAP kinases, it appears that MAP kinase pathway is not
involved in Ang ll-mediated tyrosine phosphorylation of GRP-75. A number of studies have
documented the generation of ROS during Ang Il induced signaling (reviewed in ref. 2).
Evidence suggests that cardiovascular diseases are associated with increased oxidative stress
in blood vessels [50,51]. ROS such as superoxide and H,O» causes blood vessels to thicken,
produce inflammation in the vessel wall, and therefore, are “risk factors” for vascular disease,
where as ROS also acts as signaling molecule in many aspects of growth factor-mediated
physiological responses [50]. ROS act as second messengers that are capable of activating
diverse intracellular signaling pathways [51] which mediate growth, migration, cellular
apoptosis and survival [52]. In VSMCs, Ang Il stimulates ROS generation through NADH/
NADPH oxidase located in the cell membrane [2,50,53]. ROS activate p38MAP kinase and
Akt leading to protein synthesis, hyperplasia and hypertrophy in VSMCs [53]. ROS are also
implicated in the activation of p42/44 MAP kinase and PYK2 [54] and stimulates the
expression of endothelial vascular cell adhesion molecule-I, important in cell-cell interactions
and in process associated with atherosclerosis [55]. Evidences also indicate that Ang Il
contributes to liver fibrosis though activation of NADPH oxidase and production of ROS in
hepatic stellate cells [56,57]. One possible scenario is that phosphorylated GRP-75 may protect
cellular proteins from the damaging effect of ROS through protein:protein interactions.
Multiple sites of phosphorylation may confer GRP-75 the ability to bind with diverse group
of proteins through site specific interactions. Interestingly, the ability of Ang Il to induce
GRP-75 phosphorylation is also shared by a-thrombin which binds to the G-protein coupled
receptor, PAR1 [35], and similar to Ang I1, also induces oxidative stress [58]. The identification
of proteins, whose functions are modulated by GRP-75 through its phosphorylation and
interaction, represents an important area of research and may provide therapeutic strategies to
control oxidative stress-induced cardiovascular diseases.
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FIG. 1. Angiotensin Il activates p42/p44 MAP kinases independent of EGF-R transactivation;
phosphospecific anti-caveolin-1 antibody cross-reacts with a 75 kDa protein

A, shows that Ang 11 does not transactivate EGF-R. Lysates were prepared from cells untreated
(control), or treated with Ang Il (100 nM, 3 min), or EGF (100 ng/ml; 3 min). Equal amount
of proteins were run on a SDS-polyacrylamide gel and immunoblotted with phospho-specific
EGF-R antibody specific for Y1068. B, the blot in A was stripped and reprobed with EGF-R
antibody. C, shows that Ang Il and EGF activate p42/p44 MAP kinases. The samples
representing A were run on a SDS-polyacrylamide gel and immunoblotted with phospho-
specific p42/p44 anti-MAP kinase antibody. D, The blot in C was stripped and reprbed with
p42/p44 anti-MAP kinase antibody. E, shows that Ang Il does not induce tyrosine
phosphorylation of caveolin-1; anti-phospho caveolin-1 antibody cross reacts with a 75 kDa
protein. Serum starved cells were left untreated (control) (lane 1), or treated with Ang Il (100
nM) for different times (lanes 2-5), and total extracts were prepared, run on a 8% SDS-
polyacrylamide gel, and immunoblotted with phospho-specific anti-caveolin-1 antibody. F,
The blot in E was stripped and reprobed with anti-caveolin-1 antibody. These blots are
representative of four independent experiments. The position of the 75 kDa protein and p42/
p44 MAP kinases are shown in an arrows. CR, cross-reactive.
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FIG. 2. The 75 kDa protein detected by phospho-specific anti-caveolin-1 antibody is tyrosine and
serine phosphorylated in Ang ll-treated cells

A and B show that Ang Il-induces tyrosine phosphorylation of the 75 kDa protein. A, Serum
starved cells were left untreated (control) or treated with Ang Il (100 nM) for 15 min. Total
cell lysates prepared and immunoprecipitated (IP) with anti-phospho-tyrosine antibody,
immunocomplexes were run on a 8% SDS-polyacrylamide gel and immunoblotted with
phosphospecific anti-caveolin-1 antibody. B, Lasates representing A were immunoprecipitated
(IP) with phosphospecific anti-caveolin-1 antibody, immunocomplexes were analyzed by
immunoblotting with anti-phospho-tyrosine antibody. C, Phosphoamino acid analysis of the
75 kDa protein following Angiotensin 11 treatment. Following in vivo labeling with [32P] as
described in methods, cells were exposed to Ang Il (100 nM) for 15 min. Five hundred pg of
the total protein were immunoprecipitated with phospho-specific anti-caveolin-1 antibody
(cross-reactive to the 75 kDa protein), run on a SDS-polyacrylamide gel, transferred to PVDF
membrane, and exposed to X-ray film. The 75 kDa band from control and Ang 1 treated lanes
were excised and subjected to phosphoamino acid analysis as described in the methods section.
These blots are representative of four independent experiments. These blots are representative
of four independent experiments. Ig H, Immunoglobulin heavy chain. CR, cross-reactive.
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FIG. 3. Angiotensin Il-induced tyrosine phosphorylation of the 75 kDa protein is concentration
dependent and blocked by the AT receptor antagonist, EXP3174

A, Serum starved cells were left untreated, or treated for 15 min with different concentrations
with Ang Il. Lysates were prepared and equal amount of proteins were run on a 8% SDS-
polyacrylamide gel and immunoblotted with phosphospecific anti-caveolin-1 antibody cross-
reactive to the 75 kDa protein. B, the blot in A was stripped and reprobed with anti-Stat3
antibody (loading control). C, shows that the EXP3174 pretreatment blocks Ang Il-induced
tyrosine phosphorylation of the 75 kDa protein. Cells were left untreated (control), or treated
with Ang Il for 15 min (10 nM), or first pre-treated with EXP3174 (1000 nM) for 15 min and
then with Ang 11 (10 nM) for 15 min. Lysates were prepared, run on a 8% SDS-polyacrylamide
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gel, and immunoblotted with phosphospecific anti-caveolin-1 antibody. D, the blot in C was

stripped and reprobed with anti-Stat3 antibody (loading control). These blots are representative
of four independent experiments.
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Matched data base sequence AA Start--End
RTTPSVVAFTPDGERL ( 86 -- 99)
RRYDDPEVQKD (127--135)
KMKETAENYLGHTAKN (174--187)
KNAVITVPAYFNDSQRQ (188--202)
KDAGQISGLNVLRY (207--218)
RVINEPYAAALAYGLDKS (219--234)
RAQFEGIVTDLIKR (349--360)
KSDIGEVILVGGMTRM (378--391)
KVQQTVQDLFGRA (395--405)
KSQVFSTAADGQTQVEIK (469--485)
REQQIVIQSSGGLSKD (5642--555)
RVEAVNMAEGIIHDTETKM (579--595)
KLFEMAYKK (647--653)

FIG. 4. Identification of the 75 kDa protein phosphorylated by Ang Il as GRP-75

The 75 kDa protein was purified and subjected to mass spectrometry for protein identification.
The sequences of the 13 peptides representing various regions of GRP-75 from the data base
which matched with the peptides derived from the 75 kDa protein are indicated. The identity
was established in three separate experiments. AA, amino acid.
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FIG. 5. GRP-75, a stress response protein undergoes phosphorylation in cells treated with Ang 11
and it is localized to the cytoplasm

A, Phospho-tyrosine blot of immunoprecipitated GRP-75. Serum straved cells were left
untreated, or treated with Ang Il for 15 min (100 nM). Cell lysates were prepared and
immunoprecipitated (IP) with anti-GRP-75 antibody, immunocomplexes were run on an 8%
SDS-polyacrylamide gel and probed with anti-phosphotyrosine antibody. B, the blot in A was
stripped and reprobed with anti-GRP-75 antibody. C, the blot representing A was stripped and
reprobed with anti-phospho-caveolin-1 antibody. D, shows that the 75 kDa protein is localized
to the cytoplasm. Serum starved cells were untreated or treated with Ang Il for 15 min (100
nM) and lysed, and then membrane, cytoplasm and nuclear fractions were prepared. 15 pg of
each sample were run on a 8% SDS-polyacrylamide gel and immunoblotted with phospho-
specific anti-caveolin-1 antibody cross-reactive to the 75 kDa protein (phosphorylated
GRP-75). These blots are representative of three independent experiments. IgH,
Immunoglobulin heavy chain.
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FIG. 6. Pervanadate, an agent which induces oxidative stress, stimulates tyrosine phosphorylation
of GRP-75; diphenylene iodonium (DPI), an inhibitor of NADH/NADPH oxidase suppresses Ang
I1-medaited action

A, Serum starved cells were left untreated (control), or treated with Ang Il (100 nM) for 15
min, or interleukin-6 (IL-6; 20 ng/ml) for 15 min, or EGF (100 ng/ml) for 5 min, or pervanadate
(3 mM H,0, together with 1 mM vanadate) for 15 min. Cell lysates were prepared and proteins
run on an 8% SDS-polyacrylamide gel and immunoblotted with phospho-specific anti-
caveolin-1 antibody cross-reactive to the 75 kDa protein (phopshorylated GRP-75). B, the blot
in A was stripped and reprobed with anti-Stat3 antibody (loading control). C, Effect of DPI on
Ang Il-mediated GRP-75 tyrosine phosphorylation. Cells were left untreated, or treated with
Ang Il alone (100 nM) for 15 min, or DPI alone (10 uM) for 60 min, or first with DPI (10
uM) for 45 min followed by Ang 11 (100 nM) for 15 min. Cell lysates were prepared and equal
amounts of protein were immunoblotted with anti-phospho-caveolin-1 antibody cross reactive
to phosphorylated GRP-75. D, the blot in C was stripped and reprobed with anti-stat3 antibody.
These blots are representative of four independent experiments.
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Phospho Caveolin-1 peptide E (i;H II-IY TVPIR Aato9
GRP-75 | HG KLY SPS Q| aa1s7-166

FIG. 7. Amino acid sequence comparison of caveolin-1 phospho-peptide (immunogen) with GRP-75
shows a homogy region, G-LY

The caveolin-1 phospho-peptide (aa 10-19) was used as immunogen. The Y14 of caveolin-1
is the site of tyrosine phosphorylation by several agonists (13, 14, 19). It is likely that the Y in
the GHLY motif in GRP-75 also undergoes phosphorylation in cells treated with Ang 11, and
this site therefore, would be recognized by phospho-specific anti-caveolin-1 antibody.

Arch Biochem Biophys. Author manuscript; available in PMC 2008 November 3.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

Krishna et al. Page 23

A

kDa
200—

Control
Ang |l
Control
Ang ||

116 —

92 —

75 kDa

“ﬁ

-y

e

lg H =

IP: Anti-Phospho-Stat3 antibody (CR) IP: Anti-Phospho-Caveolin-|

Probe: Anti-phospho- antibody (CR)
caveolin-l antibody (CR) Probe: Anti-Phospho
Stat3 antibody (CR)

FIG. 8. Angiotensin Il induces phosphorylation of GRP-75 at two different sites (Y331 and Y161)
In these experiments two different antibodies [phospho-specific anti-Stat3 antibody (35), and
phospho-specific anti-caveolin-1 antibody], both cross-reactive to phosphorylated GRP-75
were used. A, Anti-phospho-caveolin-1 antibody immunoblot of samples immunoprecipitated
with phospho-specific anti-Stat3 antibody. Serum starved cells were left untreated, or treated
with Ang 11 for 15 min (100 nM). Cell lysates were prepared and immunoprecipitated (IP) with
phospho-specific anti-Stat3 antibody, immunocomplexes were run on an 8% SDS-
polyacrylamide gel and probed with phospho-specific anti-caveolin-1 antibody. B, The
samples representing A were immunoprecipitated with phospho-specific anti-caveolin-1
antibody, immunocomplexes were run on an 8% SDS-polyacrylamide gel and probed with
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phospho-specific anti-Stat3 antibody. These blots are representative of three independent
experiments. IgH, Immunoglobulin heavy chain. CR= cross reactive.
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FIG. 9. GRP-75 phosphorylation in the cytoplasm does not cause its translocation to mitochondria
A, Serum starved cells were left untreated (control), or treated with Ang Il (100 nM) for either
15 min or 30 min. Mitochondria and cytoplasmic fractions were isolated as described in the
methods section. Mitochondrial proteins were solubilized and equal amounts of protein from
cytoplasm and mitochondrial fraction were run on a 8% SDS-polyacrylamide gel, and
immunoblotted with anti-GRP-75 antibody. B, the samples representing A was immunoblotted
with phospho-specific anti-caveolin-1 antibody cross-reactive to phosphorylated GRP-75.
These blots are representative of three independent experiments. CR= cross reactive.
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