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Growth Control and Protein Phosphorylation in Fibroblasts
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Abstract : Many growth-promoting agents have been shown to activate the amiloride-sensitive Nat/
H+ antiporter, leading to a rapid rise in cytoplasmic pH (pH;) of 0.1-0.3 unit; it seems very likely that
protein kinase C is involved in this activation process. Phosphorylation of cellular proteins such as
ribosomal protein S6, and two 43000-Mr and two 41000-Mr proteins revealed by two-dimensional poly-
acrylamide-gel electrophoresis, has also been commonly observed after activation of quiescent fibroblasts
with a variety of growth factors. The close correlation between mitogen action and the increased
phosphorylation of these proteins is consistent with the notion that phosphorylation of such a common
set of specific cellular proteins in limited number might be important for some early steps of the

mitogenic-signalling pathway.
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Fig. 1. Mitogen-induced increase in cytopolasmic pH (pH;).

Quiescent cells were loaded with 2’, 7' -bis (carboxyethyl)-5, 6-carboxy-

fluorescein (BCECF), and pH;-dependent fluorescence was measured as

described 8910

() Mouse NIE-115 neuroblastoma cells——200 ng/ml TPA.

(B Rat tymocyte——25 ug/ml 1-oleoylacetyl-glycernl (OAG). £ 100 M
amiloride.

(© Human fibloblastr——40 ng/ml PDGF, 200 ng/ml TPA. PDGF/TPA
induced pH; increase is apparently not limted by the magnitude of
the transmembrane Nat and H+ gradients, as pH; can be increased
still further by the addition of the Na*/H* ionphore monensin (5 #M).
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Flg 2. Phosphoproteins of human fibroblasts. Growth-arrested human skm flbroblasts were labeled
with (32PJorthophosphate and stimulated with EGF (50 ng/ml) for 15 min. The cells were
lysed and analyzed by two-dimensional gel electrophoresis as described2®. The gels were fixed,
stained with Coomassie Blue, dried, and exposed to film using an intensifying screen (A, B).
The gels were rehydrated in 1 M KOH, incubated at 55°C for 2h, neutralized, dried, and exposed
again as above (C, D).
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Fig. 3. Alkali-resitant phosphoproteins of 3Yl, NRK-49F, and BH-NRK
cell. 3Y1 cells and NRK-49F cells were growth-arrested and la-
beled with 32Pj. 3Yl cells were either mock-treated (A), or
treated with 50 ng/ml of EGF for 15 min (B). NRK-49F cells were
either mock-treated (C), or treated with 50 ng/ml of PDGF for
15 min (D). Exponentially growing normal rat fibroblasts (NRK)
(F) and RSV-transformed NRK cells (F) were ladeled with 32Pi.
Labeled phosphoproteins were analyzed by two-dimensional gel
electrophoresis, and the gels were treated with 1 M KOH.
Arrowheads indicate the positions of the two Mr=43000 proteins
and two Mr=41000 proteins.

Hredo>79 2R 4V A(RSV) THEE/LL LIS TR ZIN S0 ) VEBERICDEEE I A 5 s (Fig.3).
12, Fig 4 ITRTLORZNS DY v RRIEOBRE R, AAA T THIBZHIBU 12 & 2 iTiFE ah % #la DNA &k
EEIL—HLU TS, chb0RIZ 41K, 43K BHD Y v REOEE ST EA~T TOMIRREIC S
WTEELRRHZRIIL T3 WREE: 2, R S RUEE, BB TN 5 EAED Y v BRILDRESH S
hignc bk, ZORIGOREVHIZD Go—Gi H~DEEHMTEEL TV AAHEE2MTRTS 3D TH %,

7R, FOBHEEN, OF v dF—¥iEKERZE D EGF 2 PDGF, @OC*7—+¥ (Y v /AvF = EBRY
FF—+¥) TH3 TPA, @FF—-¥FEHEZIN 2 EoW2R U0 ET5 L OEERTICE TS, 41K,
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Fig. 4. Correlation between increased alkali-resistant phosphorylation

and DNA synthesis in 3T3 cells. 3T3 cells were growth-arrested
and labeled with 32Pi. Cells were mock-treated(d), or treated for
15 min with 50 ng/ml of EGF(@®), 5 ng/ml of FGF (0, and 50 ng/
ml of FGF({[D). Labeled proteins were analyzed by two-dimensio-
nal gel electrophoresis, and the gels were treated with 1 M
KOH. Arrowheads indidate the positions of the two Mr=43000
proteins and two Mr=41000 prnteins. Values for the percentage

of labeled nuclei are in parenthesis.
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T5, TUDLLHEERTICE - TE7125 SNICHREER RS LEEHEHD Y v BARIE 20U THEEMRBEA L&
EINATREHELHA D,
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FFTEIRILCBEEIN TV S C L, 205 ORESHIZEERE R RO DEERBIC S T ARAT/ROEE
BRI ZEICU TR ERRBL, SHRMEEFHIIREZ DTV AV TRET2 5 2 TORORE S DEEL D

: |‘> S
_______________________ '(Cfm?°)§§ﬂij)jgék4?
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Fig. 5. Mitogen-induced phosphorylation of cellular proteins and their possidle role in the control of
cell proliferation. '
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