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A selective inhibitor of cyclic AMP-dependent protein kinase,
N-[2-bromocinnamyl(amino)ethyl]-S-isoquinolinesulfonamide (H-89),
inhibits phosphatidylcholine biosynthesis in HeLa cells
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in this study, we report that the poient and selective inhibitor of eyclic AMP-dependent pretein insey, A-{2-bramocinnamyl(aminalethyl].5.

isoguinsiinesulfonumide (H-89) interferes with the inverporation of eholine inte phosphatidyleholine in Hela cells. Treatment of cells with 10 4M

H-89 for | h deereusex the phosphatidylcholine biosynihesis by S0%. This inhibition i prevented by simultaneous addition of 10 uM forskolin,
while the choline upiake itself is not affected by H-8%,
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. INTRODUCTION

There ure valid indicaticns from both in vitro and in
vivo studies that phosphatidylcholine {PC) biosynthesis
is at least in purt regulated by cAMP. Incubation of fetal
lung explants with the ¢AMP unalogue, dibutyryl-
cAMP, increased the cheling incerporation into PC by
80% [1]. Choline incorporation also was stimulated
when an alveolar type 2-like cell line A549 was treated
with different cAMP analegues [2]. In contrast, it was
reported that in rat hepatocytes PC biosynthesis was
inhibited by 30-40% when applying the same cAMP
analogues (3]. Furthermore, CTP:icholine phosphate
cytidylyltransferase (CT) (EC 2.7.7.15) activity was re-
duced in cells preincubated with these analogues. In
vitre studies have shown that purified CT is
phosphorylated by cAMP-dependent protein kinase.
This phosphorylation is puralelied by an inhibition of
membrane-binding of CT. The phosphorylated, inac-
tive, cytosolic form of CT became active afler
dephosphorylation with alkaline phosphatase [4]. How-
ever, it should be pointed out that Watkins and Kent
found no effect of cAMP analogues on PC biosynthesis
of isolated rat hepatocytes [5]. Besides, cholera toxin
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had no influence on PC biosynthesis in hepatoeytes,
ulthough the level of cAMP increased up to 100-fold in
these in vivo experiments. Taken togsther, there exists
some controversy concerning the regulation of CT ac-
tivity by phasphorylation/dephespharylation in vitro
and the regutasi=n of PC biosynthesis in cell culture
experiments. In consequence, the possibility of indirect
effects on PC bicsynthesis, mediated by a cAMP-de-
pendent protein kinase, must be considered.

Recently., N-[2-bromecinnamyl(amino)ethyl]-5-iso-
quinolinesulfenamide (H-89) was shown as a new selec-
tive inhibitor of cAMP-dependent protein kinase in vive
{6). The X, value of this compound fer cAMP- depend-
ent protein kinase is 0.048 M. In the present study, we
used this inhibitor to investigate its influence on PC
metabolism in HeLa cells. The results show that H-89
inhibits PC biosynthesis. This effect was prevented by
forskelin, which is known to increase the collular cAMP
level by activating the adenylats eyelase [7].

2, MATERIALS AND METHODS

2.1, Marcrials

[imedhyl-*H|Choline chloride (2.8-3.1 TBg/mmol) was from Amer-
sham (Braunschweig, Germany). N-{2-Bramesinnamyl(amina)ethylj-
S-isoquinolinesulfonamide (H-89) was obiained from Calbioshem
(Bud Socen, Germany). Silisa gel 50 HPTLC plates and reagents were
purchysed frem Merek {Darmstadi, Germany), The BCA-kit for pro-
1ein determination was from Plerce (Weiskirchen, Clermany}. For
quantification of radioactivity & thin-layer chromatography seanner
(Berthold LB2821 MR, Wildbad, Germany) was used, Forskelin,
heinisholinium-3, phosphatidylchaline and 12-tetradecanoyl-phorbol~
13-acetale (TPA} were ablained from Sigma (Milncheén, Geifianyy.
The alkaline phosphatase assay kit was from Behring Werke (Mar-
burg, Germany).
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2.2, Celt cullre

HeLa cells were grown in Dulbecsa minimul essential mediunm sup-
plementad with 10% heat-inactivited fetal caif serum, 9.56 g1 glutum-
ine, 110000 U/ penicillin and 0.1 g1 streptomysin in plastic culiure
dishes (Nuns, Denmark). Media and culture reugents were from
Gibco (Kurlsruhe, Germany), antibioties were oblained from
Boehringer (Mannheim, Germuny).

For radiolabelling, medium was removed, and pulse medium
{{methyl’Mlcholing; 7.4 » 10* Bg/mi) supplemented «ither with H-89,
{arskalin, ar F+89 in cambination with forskolin was added. Aftes
incubation, cells were washed with ice-cold phesphate-bulTered suline
{BBS), pt 7.2, harvesied and stored at —20*C.

2.3, Exrracrion of lipids

Lycphilized cell pellets were extmetod accarding to Bligh and Dyer
(8] by adding 50 ul methanol, 25 ul chloroform and 20 ul water,
Samples were stirred for 2 min followed by u centrifugation at 13,000
x g for 10 min. For phase separation, 25 gl chloroform and 25 a4l water
were added. Stirning and centrifugation steps were repesiex once. Fer
lipid anatysis, 20 ¢! of the chloroform phascs were applicd 1o HFTLC
plates and the compounds were separated by using chleioform/meth-
anol/ncetic ncidswaler (25:16:4:2, by vol.) [9]. Radioustivity wis quan.
tified Ly radiessanning.

24, Choline upreke

Chalins uptuke was measured as described [10). Bricfly. cells grawn
on cotlngen-coated plastic sheets, were preincubated for 30 min with
medium coniaining H-89 or ne supplemenis as control, After preincu.
btion. cells were immersed in medium wilh or witheut M-89, contain.
ing (methpt-*Mcholine (5 uCiml). After different times, eells were
washed thoreughly with 38 mmol/] choline chloride in PBS. Finally,
uplake and incorporation of [*Hlcheline were determined by liquid
scintillation counting. Background radioaetivity wos measured by re-
peating the experiments at 4°C,

2.5, Ouher procedures

Possible cytotoxicity of H«89 and forskalin on lelu celis was detcr-
mined by measurement of the release of atkaline phosphatase {11).
Briefly, after incubation for 4 h with difTerent concentrations of H.39
or lomskalin, the cells were centrifuged at 1,000 x g for 10 min, and
the supernaiant thus obtained was discarded. The reaction mixturs
containing 20% dicthanolamine, 2 gmel/l MgCl,, 2 umolA p-nitrophe-
nolphosphate and {0% Triton X-100 was added. Alter 30 min nt 37°C
the reaclion was stopped with 0.5 maolt WaOHM. The amount of p-
nitrophenolate was determined phatometrically at 410 nm.

Protein determination was carried out oy the BCA-asay (12] using
bovine serum albumin as standard,

3. RESULTS

First of all, we determined the dose-dependent effects
of H-82 and forskolin on eell viability. The highest con-
centration of H-89 applicd (40 M) had only a minor
cytotexic influence on Hela cells as measured by the
release of alkaline phosphatase, Compared to control,
this effect was <10%. Furthermore, the cytotoxic effect
of forskolin was in the same range. All experiments in
this study were conducted using only 10 uM of these
campounds,

The dose-dependent inhibitory effect of H-89 on PC
biosynthesis after 1 h of treatment shows that the

compared to control (Fig. 1). Virtually the same dose-
dependent inhibitory effect was seen after an incubation
time of 2 h.
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Fig. 1. Dose-dependent effect of H-89 on PC biosynthesis of MHeLa

cells. HeLa cells were grawn to conflucnee. The medium was removed,

and pulse medium was added, containing methyl’H)choline {7.4 % 104

Boyml} and different cancentrations of Hs89. After 1 h of incubatian,

the <clls were meehanically harvested and PC was analysed ax de-

scribed in section 2. The amounts of chaline incorporated is expressed
in dpmiug of eellulur protein £ 5.5, (# = 3).

100

Choling incorporation into PC
[dpmiug cellular protein)

To raise the cellular cAMP level, Hela cells were
incubated in the presence of 10 #M forskolin, This treat-
ment resulted only in a slight increase of 12% * 8 of PC
biosynthesis, When HeLa cells were treated simuliune-
ously with H-89 plus forskolin, choline incorporation
was the same as in control experiments (Fig. 2). In order
to exclude that the efTect of H-89 was due to an inhibi-
tion of pratein kinase C, we stimulated cells with phor-
bol ester (TPA). It is suggested that in HeLa cells TPA
stimulates the incorporation of cheline into PC by o
protein kinase C dependent mechanism [13]. However,
H-89 did not abolish the phorbol ester-induced stimula-
tion of PC biosynthesis {Fig. 2).

Finally, no effect of H-89 on choline uptake was
measured (Fig. 3). In contrast, 200 gmel/l hemicholin-
ium-3, a known inhibitor of choline transport into cells,
did block the choline uptake (Fig. 3).

4. DISCUSSION

We report the inhibition of PC biosynthesis in vivo
by a new selective inhibitor of cAMP-dependent protein
kinase, H-89. This inhibitory effect is prevented by fors-
kolin which activates cAMP-dependent protein kinase
by increasing the cAMP level, Based on the background
of recent in vitro studies on phesphorylation/
dephosphorylation of the rate-limiting enzyme of the
CDP-chaline pathway, CTP:choline phosphate cyti-
dylyliransferase [3,4,14,15], we ¢xpected that H-89 will
activate PC biasynthesis by inhibitingcAMP-dependent
protein kinase. On the other hand, forskolin, an activa-
tor of adenylate cyclase which clevates collular cAMP
level should inhibit PC biosynthesis. Surprisingly, the
data cbtained show the opposite effect indicating that
inhibition of cAMP-dependent protein kinase inhibits
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Fig. 2. ETect of H=%9, farskolin and TPA an PC biesynthesis of Hela
cells, Mela eells were grown toconfluence. The medium wis removed.,
and pulse medium was added containing ueriy'Hiecholine (7.4 x 104
Ba/ml) and 10 gmolil H-89, 10 gimol! forskalin, 10 gmols H-39 plux
10 umolil farskolin, 125 nmold TPA or 10 gmolt H-89 plus 125 nmalt
TPA. For conlrals no supplemients were added, Allter 2 h of incubu-
tion, the eclls were wechanically harvested and PC wiats snulysed us
described in seciion 2, The values are given in % of cholins incorpora-
tion into PC compared ta contrals {(n @ 3),

PC biosynthesis in HelLa cells. This is in agreement with
rasults obtained when cells treated with H.89 plus fars.
kolin. However, pharbol ester-stimulated PC biosyn-
thesis was not affected by H-29.

Recently, the cDNA of CT was reported for rat liver
[16] which showed that there is only ene potential phos-
phorylation site of cAMP-dependent protein kinase
(“RYTM*), This motif contained threonine and not
serine as possible phosphaorylation sites us reported for
the in vitro phosphorylation of CT by cAMP-dependent
protein kirase {4).

Since the decrease of cheline incorporation into PC
could be due to an inhibition of the choline uptake. we
studied the effect of H-89, Our data clearly demoenstrate
that H-89 has no negative influence on the choline up-
take in Hela cells.

Furthermore, it was suggested that cAMP-dependent
protein kinase acts via phosphorylation of acetyl-CoA
carboxylase thus affecting the biosynthesis of fatty
acids. Consequently PC biosynthesis may be impaired
by a decreased diacylglyceral formation [17.18]. In a
different study it was reportad recently that cAMP ana-

Choline uptake fpmolis x 10 ° cels)

Time [min]

Fig. 3. Chaline uplake of Hela cells treated with H-8% or hem.
icholinum-3, Helu cells grown on collagen-soaied plastic shenis (33
nun diumeter), were preineubuted for 30 min with mediuin containing
10 #mal/l H-29 (@). 200 umolil hemichalinum-34{®), or no supplements
a5 eontral (). Chaling uptuke was determined at 37°C as deseribed
in sestion 2 and cuisulated us he difference beiwesn the uptike uy
A7°C and 4*C. Vulues ure given in pmol/3x10° cells * 5.D. (n = 3).

logues enhnnee PC catabolism in choline«deficient rat
hepatogytes [19).

Finally, our results indicate that eAMP-dependent
protein kinase docs not have the same effeet on PC
biosynthesis in vivo as expected by recent in vitro stud-
ies [5.18]. We will focus our interest on this in vivo ¢ffect
of H-89 on PC biosynthesis to elucidate the mechunism
underlying the described inhibition of PC biesynthesis.
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