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Over-expression of phospholipase D3 inhibits Akt
phosphorylation in C2C12 myoblasts
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Abstract: Phospholipase D (PLD) hydrolyzes phosphocholine into choline and phosphatide acid, and these metabolites play an
important role in regulating cell physiology and biochemistry. To study the biological function of phospholipase D3 (PLD3) during
the insulin stimulation in C2C12 myoblasts, we constructed PLD3 over-expressed cell lines (C2C12/pPLD3) and investigated the
phosphorylation of Akt. The results showed that the level of phosphorylated Akt (P-Akt) was significantly increased in control
C2C12 cells when insulin concentration was elevated during cell treatment, whereas the level of P-Akt in C2C12/pPLD3 cells was
not changed. When extending the time of insulin treatment, P-Akt level in C2C12/pPLD3 cells was increased around 2 folds, but the
total level of P-Akt in C2C12/pPLD3 was still lower than that in control group. 1-Butanol, a PLD inhibitor, could completely block
Akt phosphorylation in C2C12 cells that even stimulated by insulin. However, 1-Butanol did not inhibit the Akt phosphorylation in
C2C12/pPLD3 cells, but increased the phosphorylation up to 6 folds higher than control cells. The level of Akt phosphorylation in
control C2C12 cells was increased significantly when stimulated by phosphatidic acid (PA), while there was no change in
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C2C12/pPLD3 cells with the similar treatment. When cells simulated by both PA and insulin, P-Akt level in both C2C12/pPLD3 cells
and C2C12 cells were down regulated. Our observations indicated that PLD3 over expression may inhibit Akt phosphorylation and

further block the transduction of insulin signaling in C2C12 cells.
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Fig. 1 Establishment of PLD3 over-expression cell lines. (A)
Schematic diagram of pPLD3 derived from pcDNA3-flag. (B) ( 3AQ0) p-Akt
RT-PCR analysis of PLD3 expression in C2C12 and it’s stable , PLD3
transfected cell lines. (C) Western blotting analysis of PLD3 p-Akt
expression in C2C12 and it’s stable transfected cell lines. '
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Fig. 2 Biological characters of transfected cells. (A-E) Cell morphology and growth curves of transfected cells (3AF2, 3CF11,

3CF13, 3CF14 and Vector), respectively. (F) The related parameters including fitting degree (R?) and doubling time (DT) of mimic
exponent equations from growth curves.
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Fig. 3 Insulin activates Akt phosphorylationin C2C12 cells. (A) Both 3CF11 cells with pPLD3 and C2C12 cells with pcDNA3-flag
(vector) were incubated with Insulin at the different concentrations (0-100 nmol/L) for 20 min. (B) The 3CF11 cells transfected with
pPLD3 and C2C12 cells transfected with pcDNA3-flag (vector) were incubated with Insulin at the concentration of 1 nmol/L for
different times (0-20 min). (C) Quantitative analysis of Akt phospholation by P-Akt/Akt from section A. (D) Quantitative analysis of
Akt phospholation by the ratio of P-Akt/Akt from section B.
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Fig. 5 Effect of phosphatidic acid (PA) and Phosphatidylcholine
(PC) on Akt activation in transfected cells after insulin (Ins)
stimulation. (A) The 3CF11 cells with pPLD3 and C2C12 cells
with pcDNA3-flag (vector) were analyzed by Western blotting
with  anti-phospho-Akt  (Ser473) and Akt antibodies.
Anti-B-actin antibody was used as the internal control. Cells
were treated for 10 min by insulin (1 nmol/L) or 10 mmol/L PA
and 10 mmol/L PC respectively. (B) Quantitative analysis of
Akt phospholation by the ratio of P-Akt/Akt from section A.

Journals.im.ac.cn



1530

ISSN1000-3061 CN11-1998/Q

Chin J Biotech October 25, 2009 Vol.25 No.10

3 it

PLD3
PLD

Akt
PLD3

PI3K/AKkt

PLD2,

4 pLD1

[10]

C2C12

PLD3

Akt

, PLD
PI3K/AKkt
PLD

Lee
(ERK)

B pLD1

Bl pLD3

C2C12

PLD3 Akt
PLD3 ,
, PLD3

Akt

PLD
Akt

PA
PA
Akt
PA

PLD3

S1P3-CHO
[

, PLD3
PC PA

PLD2

ARF

PLD2

ARF

PI3K/Akt

Journals.im.ac.cn

D PC PA
PA P14P5
mTOR , PA
| PI4P5 P14P Pl4 5P2 PI4
5P2 PIBK/Akt PA
, LPA B3] ,PLD
PA mTOR  FRB
1 pLD2
(21 pLD1 S6K1
, PLD1
S6K1 (3] PA mTOR
., PA ARF N-
PA
PA PAP DAG
DAG
PKC (241 PA
DAG ,
DAG pKC!!
PA DAG
, PLD PA
PA A
(LPA)ISITT | pA ,
PLD PA LPA
,PLD3 DAG LPA
PI3K/Akt
Bt EvRfEBRENMNIRFEFR B AHK

ARG T WPLD3 A H, B LB Ef P
%P E I T I L.

REFERENCES

[1] Fang Y, Vilella-Bach M, Bachmann R, et al. Phosphatidic
acid-mediated mitogenic activation of mTOR signaling.
Science, 2001, 294(5548): 1942-1945.

[2] Andresen BT, Rizzo MA, Shome K, et al. The role of
phosphatidic acid in the regulation of the Ras/MEK/Erk
signaling cascade. FEBS Lett, 2002, 531(1): 65-68.

[3] Joseph T, Bryant A, Frankel P, et al. Phospholipase D
overcomes cell cycle arrest induced by high-intensity Raf
signaling. Oncogene, 2002, 21(22): 3651-3658.

[4] Lee S, Park JB, Kim JH, et al. Actin directly interacts with



D3 Akt

1531

phospholipase D, inhibiting its activity. J Biol Chem, 2001,
276(30): 28252-28260.

[5] Munck A, B6hm C, Seibel NM, et al. Hu-K4 is a
ubiquitously expressed type 2 transmembrane protein
associated with the endoplasmic reticulum. FEBS J, 2005,
272(7): 1718-1726.

[6] Colley WC, Sung TC, Roll R, et al. Phospholipase D2, a
distinct phospholipase D isoform with novel regulatory
properties that provokes cytoskeletal reorganization. Curr
Biol, 1997, 7(3): 191-201.

[7] Banno Y, Takuwa Y, Yamada M, et al. Involvement of
phospholipase D in insulin-like growth factor-1-induced
activation of extracellular signal-regulated kinase, but not
phosphoinositide 3-kinase or Akt, in Chinese hamster
ovary cells. Biochem J, 2003, 369(Pt 2): 363—368.

[8] Lopez I, Arnold RS, Lambeth JD. Cloning and initial
characterization of a human phospholipase D2 (hPLD2). J
Biol Chem, 1998, 273(21): 12846-12852.

[9] Colley WC, Altshuller YM, Sue-Ling CK, et al. Cloning

and expression analysis of murine phospholipase D1.

Biochem J, 1997, 326(Pt 3): 745-753.

Ktistakis NT, Brown HA, Waters MG, et al. Evidence that

phospholipase D mediates ADP ribosylation

factor-dependent formation of Golgi coated vesicles. J

Cell Biol, 1996, 134(2): 295-306.

[10]

REORIDREODMREDIREDIREDREDIRIDR LR EDIR DR LR HFIRE

e,
L A
3 »

T T T T T e T

Bei Liu Zihai Li
Renhe Xu
hES
iPSC  hES
”Bei Liu

[11] Moritz A, De Graan PN, Gispen WH, et al. Phosphatic acid is
a specific activator of phosphatidylinositol 4 phosphate
kinase. J Biol Chem, 1992, 267(11): 7207-7210.

Hornberger TA, Chu WK, Mak YW, et al. The role of
phospholipase D and phosphatidic acid in the mechanical
activation of mTOR signaling in skeletal muscle. Proc
Natl Acad Sci USA, 2006, 103(12): 4741-4746.

Chen Y, Zhang Y, Foster DA. Phospholipase D confers
rapamycin resistance in human breast cancer cells.
Oncogene, 2003, 22(25): 937-3942.

Fang Y, PerK IH, Wu AL, et al. PLD1 regulates mTOR
signaling and mediates Cdc42 activation of S6K1. Curr
Biol, 2003, 13(23): 2037-2044.

Newton AC. Regulation of protein kinase C. Curr Opin
Cell Biol, 1997, 9(2): 161-167.

Pettitt TR, McDermott M, Saqgib KM, et al. Phospholipase
D1b and D2a generate structurally identical phosphatidic
acid species in mammalian cells. Biochem J, 2001, 360
(Pt 3): 707-715.

Pettitt TR, Martin A, Horton T, et al. Diacylglycerol and
phosphatidate generated by phospholipases C and D,
respectively, have distinct fatty acid compositions and
functions. Phospholipase D-derived diacylglycerol does
not activate protein kinase C in porcine aortic endothelial
cells. J Biol Chem, 1997, 272(28): 17354-17359.

[15]

[16]

[17]

DR FDREDIRIOMREDREDIREODREDREDIREDREDIREODREDIR

STEM CELLS: A2¢FmpT A FHwEEApiExE

Zihai Li “

Zihai Li

hES

iPSC

: EurekAlert

Journals.im.ac.cn



