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Platelet-derived growth factor stimulates phosphorylatmn of the 25 kDa
| ‘mRNA cap binding protein (eIF-4E) i in human lung ﬁbroblasts '
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Plutelet-derived grawth factor exerts rapid effects on protein syhthesis und polysome formation in cultured eells. We report that platelet-derived
growth factor stimulates a rapid phosphorylation of e1F-4E in WI-38 human lung fibroblasis, The effect was dependent on bath time and PDGF-
coneentrations. Phosphoserine wus the sale phosphoamine acid identified and tryptic phosphopeptide maps showed a single phosphopepudc under
both control and PDGF conditions, Phosphorylation of eIF-4E may be one of the events required for initinting entry into. G, and commitment

‘ into § phase of the cell cyc\c ‘

- Initiation fncmr. leclet derwcd gmwth fncwr. Protem bmsynlhem. RNA cups :

INTRODUCTION

The phosphorylatwn of at least several translauon
initiation factors is known to regulate mRNA transla-

tion rates [1]. Platelet-derived growth factor (PDGF)is.

a potent mitogen for fibroblasts and smooth muscle
cells that has been shown to stimulate the accumulation
of polysomes in cultured cells [2—5]. PDGF and other
mitogens . have been shown to - stimulate . the
phosphorylatxon of the ribosomal protein S6 which has
been implicated in the control of mRNA initiation rates
(6]. The 25 kDa mRNA cap binding protein, eIF-4E,
exists in both phosphorylated and dephosphorylated
forms in mammalian cells [7—-10}. eIF-4E also exists in

a multi-protein complex designated eIF-4F which con-

tains a p220 subunit that is modified in cells infected by
‘picornaviruses [11,12}. Several lines of evidence suggest

that phosphorylation of elF-4E facilitates mRNA in-:

itiation, Physxologlc conditions that promote elF-4E
phosphorylatlon in general stimulate polysome forma-

tion and conditions that diminish elF-4E phosphoryla-.

tion are accornpanied by disaggregation of polysomes

{8,10,13,14]. In addition, phosphorylated forms of.

elF-4E have been reported to preferentially dppear in
438 initiation complexes [15]. The role of phosphoryla-
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tion of the p220 subunit of eIF-4E and the effects that
elF-4E or p220 phosphorylation have on the elF-4F.
complex remain unknown [16,17]. Recent studies have
demonstrated that overexpression of elF-4E in NIH
3T3 cells and Rat 2 fibroblasts results in malignant

transformation by an unknown mechanism {18]. On
- the other hand, overexpression of mutant ¢IF-4E that
‘lacks the constitutive phosphorylation site does not

result in: malignant transformation of cells. These
observations suggest a possible role for ¢lF-4E
phosphorylation in the control of protein synthesis and

.. possibly some. other function that can mmate mahg ,

nant transformation.
Inthis report we demonstrated that PDGF stimulates

" the rapid phosphorylation of elF-4E in WI-38 human

lung fibroblasts. In addition, we provide evidence that
PDGF stimulates the phosphorylation of elF-4E at the_

constitutive serme phosphorylation site..

2. MATERIALS AND METHODS

2.1. Reagents »

m’GTP - sepharose - was purchased from - Pharmacia LKB
Biotechnology Inc. (Piscataway, NJI). Phosphorus-32 was from 1CN
Biomedicals Inc. (Costa Mesa, CA). Human PDGF (type BB). was
either a generous gift from W. Jack Pledger or obtained from
Biosource International Co. (Westlake Village, CA), Fetal calf serum
was from Hyclong Lab. Inc. (L.ogan, UT) and tissue culture medium
from Gibco (Grand Island, NY), All other reagents were from Sngma

- Chemical Co. (St. Louis, MO) unless specified otherwise.

2.2, Celi culture

WI-38 human- lung f:broblasts were obtained from W Jack
Pledger. Monolayer cells were grown in 6 well (9.6 cm) Falcon plates

~in Dulbecco’s modified Eagle's medium (DMEM) suppleme_med with
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10%  hreat-inagtivated Yol call serum. Cells ware gréwn 1o ¢one
Nuence and used alter they bevame quidseent in spent growth medium
[19]. Prior 1o mevabalic labeling density-arrevied cells were washed
with DMEM witheut phesphate and incubared 1o 1 mi of the same
medium for 2 tv. After prelngubations celly were labeled with 6.2 mCi
‘phasphorux32/m! for | h. The labeling medivm was removed, and
‘cells were rinsed with phmphm-buﬂemd saline and incubated in
DMEM with PDGF for the times mdiemd in figure Ienendx

2.3, Isolation of €1F- JE

Labeled cells were washed with cold phmphme-hul’reted saline and
Iysed by genily raeking Nasks on ice for 30 min with 1 mY of lysis but
fer (20 mM - Hepes-pH 7.8, 100 mM  KCl, 30 mM  Sglyeerol
phosphate, 10% glyeerol, 0.2 mM EDTA, 0.2'mM NayVQq, 0.5%
Triton X+100, 7-mM BME, | mM PMSF. 10 4g/mi leupeptin and
10 4g/m) aprotininy. - Lysates were centrifuged for 10 min at
15000 rpm in a Sorvall §S-34 rotor at 2°C. The supernatants were
mixed with.25 2 {packed volume) of m’GTP sepharose at 4*C for
:30 min. Samplés were mlcmruncd for 10 s, supérnatants removed
and the pelle! washed threc times in lysis buffer. ¢lF -4E was cluted

fram the m'GTP sepharose by incubating mmples in 50 4 of lysis
buffer conwining 200 M m'GDP for 30 min at 4°C. m'GTP -

sepharose was pelleted by centrifugation, supernatants added to
Laemmli sample buffer and analyzed by 10% SDS-PAGE and
‘autoradiography as described in detail elsewhere (20).

2.4, Phosphoaminoacid analysis and phosphopeptide maps

- Gel slices containing ¢l F-4E were excised, rehydrated in water and
transferred to 1 mi of 200 mM ammonium carbonate (pH 8.6) con-
taining 50 4 of DPCC-treated trypsin, Gel slices are incubated at
37°C for 6 h after which time 20 4g of additional trypsin was added.
After 22 h of incubation supernatants were rémoved and lyophilized.
This treatment resulted in the release of 95% of the counts from the
gel slices. Phosphoamino acid analysis of unseparated phosphopep-

tide samples were performed. as. described elsewhere [20). The

phosphopeptides recovered were dissolved in water and analyzed on
thin layer cellulose plates (Kodak) by electrophoresis at 800V in
pyridine acétic acid; water (10:0.4;90, v/vy pH 6.5 for. 1.5 h follow:
¢d by -ascending chromatography in the second: dimension in

butanol:acetic acid:water (3:1:1, v/v). Tryptic phosphopeptides .

were identified by autoradiography,

3. RESULTS AND DISCUSSION

To study the effect of PDGF on the phosphorylanon
state of elF-4E, we metabolically labeled confluent
WI-38 fibroblasts with phosphorus-32 as described in
section 2 and incubated cells with different concentra-
tions of PDGF for 30 min. elF-4E was isolated from
cell lysates and. its phosphorylation status determined
by autoradiography of samples analyzed by SDS-
PAGE. An autoradiogram of a representative gel is

shown in Fig. 1. Quantitation of eIF-4E phosphoryla-

tion by densitometry demonstrated a 2—4-fold increase
in the phosphorylation of eIF-4E in-response to PDGF
treatment with the maximal stimulation occurring at
60 ng/ml of PDGF (Fig. 1B). Studies examining the
time required to observe the PDGF initiated stimula-

tion of elF-4E phosphorylauon demonstrated a clear.

2~3-fold stimulation after 15 min which was very close
to the maximal stimulation observed at 30 min (Fig. 2).
This indicates that phosphorylation of elF-4E is a

relatively early event that occurs after addition of -

PDGF to quiescent WI-38 cells.
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Fig. 1. Dose résponse of PDGF-stimulated ell“~4E phosphorylauon
An autoradiogram (18 h exposure) of elF-4E (arrow) isolated from
WI-38 cells treated with different concentrations of PDGF under the
conditions described:in section 2 is shown in A, B shows the relative
percent  increase .in ¢lF-4E phosphorylation following PDGF
treatment of cells as compared to controls as determined. by
densitometric analysis of autoradiograms. Data points represent the
mean x 8D of two separate experiments done in duplicate.

. The effect of PDGF on the phosphorylation étate of

- elF-4E was further characterized by phosphoamino

acid analysis and. phosphopeptide map analysis. The
sole phosphoamino acid identified in elF-4E isolated
from control as well as PDGF-treated cells ‘was serine
(Fig. 3). Tryptic digestion of elF-4E isolated from con-
trol and. PDGF treated cells followed by two-
dimensional phosphopeptide = map analysis
demonstrated the presence of a single phosphopeptide
under both conditions, The location of both of these
tryptic phosphopeptides was in the same region as the
tryptic phosphopeptide identified in° HeLa cells and
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Fig: 2 T:mc of PDC‘F {reatment required 1o abserve a stimulation in elF4E phosphoryl.ulon Cells were incubated. with phosphorus 32

(0.2 mCu/ml) and 60 ng/ml PDGF for 15, 30, 60 min as indicated. eIF-4E way isolated and analyzed as described in section 2. A shows an

1utomd|osram (48 h exposure) of samplés analyzed by SDS-PAGE where elF-4E is indicated by an arrow. B shows the relative phosphorylauon
of elF-4E at the indicated times as delcrmmcd by densitometry of autoradiograms.

reticulocytes whi‘ch corresponds to a KSK peptide con-

taining serine-53 of eIF-4E [9]:. We conclude from these:

results that PDGF stimulates the phosphorylation of

elF-4E at the major constitutive phosphorylation site

which has been serine-53 in the cell types studied. to
date. Although protein kinase C has been shown to
phosphorylate the constitutive phosphorylation site of
elF-4E in vitro at least one other enzyme, with a dif-

ferent substrate specificity, has been identified that .
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_phosphorylation - reported: here [20].

phosphorylates elF-4E [7,13]. Although casein kinase I
is able to phosphorylate eIF-4E in vitro it is unlikely to
account for the -constitutive or PDGF  stimulated
The - tryptic
phosphopeptide map of eIF-4E phosphorylated by ca-
sein - kinase ‘I was distinctly different than those
reported here. The protein kinase(s) responsible for the
PDGF stimulated phosphorylation of eIF-4E remain to
be identified. ‘
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Fig. 3. Phosphoamino acid analysis of elF-4E isolated from control and PDGF treated cells. [”P]elF-4E was hydrolyzed in 6 N HCl and analyzed
by two- dimensional thin layer electrophores:s as described in section 2. Autoradiograms of elF-4E phosphoamino acids from control (A) and
‘ PDGF treated cells (B) are shown. .
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Fig. 4 Phosphopcpnde map annlysus of elF-4E 1solmcd from control
and PDGF treated cells, [**PJelF-4E was isolated, digested with
trypsin and - analyzed - by - thin' layer electrophoresis . and
chromatography as described in section 2. Autoradiograms of ¢1F-4E

phosphopeptide maps are shown from control cells (A) and cells .

treated with 60 ng/ml - PDGF for 30 min (B). The ongm is md:cated
by an arrow,

Two model growth regulatory peptides, EGF and
PDGF, stimulate the rapid phosphorylation of eIF-4E
[21]. Both peptides are known to stimulate protein syn-
thesis and the accumulation of polysomes in cultured
cells [3,22]. Past studies provided convincing evidence
that the rate of protein synthesis and the duration of

the G, interval of the cell cycle are tightly coupled [23].
Modest decreases in the rate of protein synthesis greatly .

extended the time interval between the addition of
serum to quiescent fibroblasts and the onset of DNA
replication. In addition, a mutant cell line has been
described that exhibits elevated rates of protein syn-
thesis during mitosis and no measurable G, phase [24].
A partial inhibition of protein synthesis in these cells in-
duced a measurable G; without effecting S, Gz or M
phases. These studies, in conjunction with the results
reported here, provide evidence that specific growth
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peptide-initiated modifications in the translational ap-
paratus play an important role in the regulation of
cellular replication rates. We suggest that elF-4E is one
of the critical translational components targeted for
modification following stimulation of the rate of cell
replication,
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